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ABSTRACT

Reforestation in Peruvian Amazon depends on sfuidceopagation of the trees.
Vegetative propagation may serve as a good alfeentt propagation by seeds. This study
is focused to determine effects of Indole-3-butyamd (IBA) to rooting parametres of
semihardwood leafy stem cuttings ©@alycophyllum spruceanuiiBentham) Hooker f. ex
Schumann (Rubiaceae) aimarouba amaraubl. (Simaroubaceae). The concetrations
1000, 2000, 4000, and 5000 ppm of IBA, and onerobgroup without IBA were used.
For C. spruceanumthe number and percentage of rooting, callussdtion, number of
roots, total root length, length of the longestty@md vigor was significantly higher, while
mortality and leaf abscission was significantly &wn group treated with 2000 ppm of
IBA, than in control group with untreated cutting® < 0.05). However no significant
differences were found in these parametres betwezgroup treated with 2000 ppm and
groups treated with 4000, and 5000 ppm, exceptlferleaf abscission parametre. No
significant differences were recorded in numbecalfusses per cutting between the five
groups testedS. amarapresented (98.5 %) mortality of both, treated amireated
cuttings, and did not present any callussing, oting success. Future study with more
juvenile material and/or different type of cuttilsgrecommended.

Keywords: Leafy stem cutting, Indole-3-butyric acid (IBA), Rbgenesis, Subirigated
polyethylene polypropagator.



ABSTRAKT

Optovné zalesovani v peruanské Amazonii zavisi na &gem mnozeni stroim
Vegetativni rozmnozovani ime slouzit jako dobra alternativa k rozmnozZovanmgpoi
semen. Tato prace je z&fana na zjigni inka kyseliny indolyl-3-maselné (IBA) na
parametry zaki@reni polodevitych olisEnych rizka druhi Calycophyllum spruceanum
(Bentham) Hooker f. ex Schumann (Rubiaceae) &idharouba amara Aubl.
(Simaroubaceae). Byly pouzity koncentrace 1000,02@G000 a 5000 ppm a kontrolni
skupina bez osgni IBA. Pro C. spruceanumbyl paiet a procentuelni zastoupeni
zakderenych tizka, tizka s pitomnosti kalusu, pet kaeni na fizek, celkova délka
korene, délka nejdelSiho kene a vitalita vyznaminvyssi, zatimco mortalita a opad iist
byl vyznami niZSi u skupiny oS&tné 2000 ppm IBA, nez u skupiny bez IBA d¢8ef.
< 0.05). Nicmén nebyly nalezeny zadné vyznamné rozdilyéghto parametrech mezi
skupinou oSéenou 2000 ppm IBA a skupinami ofeté 4000 a 5000 ppm IBA, vyjma
parametru opadu listu. V pm kalusi nafizek nebyly zaznamenany zadné vyznamné
rozdily mezi ¢émito piti testovanymi skupinamb. amaraukazala vysokou mortalitu (98.5
%) u oSeatenych i neoSéenychiizki a nebyla prokdzandippmnost kalusu ani kene. Pro

budouci vyzkum je dopotuno pouZiti juvenil§jSiho materialu, pagpact jiny typ fizku.

Kli¢ova slova: Olisttny polodevity fizek, Kyselina indolyl-3-maselna (IBA),

Rhizogeneze, Polyetylénovy polypropagator se spodaivliazovanim.
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1 INTRODUCTION

The small-scale farming communities in the PemuvAaazon depend upon more
than 250 tree species for construction materiagrgnfuel, fibres, fence posts, resins,
fruits, medicines, and other functions such as @milservation and shade (Sotelo-Montes
and Weber, 1997). These trees are logged direatiy forimary and secondary forest.
Ucayali is a region in where settlers have traddity practiced slash-and-burn agriculture,
where the farmers cut and burn the forest to relemsumulated nutrients in the woody
biomass to produce annual crops.

The slash-and-burn agriculture methods are no reoitable and sustainable on
such scale there because of high deforestatios@hdegradation (Fig.1). In general, 60%
of the deforestation of tropical rain forests igrigal out by farmers for agriculture
settlement. In addition, national and global enwmnental benefits of forests are reduced
(Denevan and Padoch, 1988). The soils are acicuttsufficient nutrients for sustainable,
repeated harvests of annual crops. The fieldsediréd fallow or are converted to pasture.
Slash-and-burn agriculture also leads to poor aht@generation of many valuable tree
species. Farmers and loggers cut the best timbes,twvithout leaving high-quality trees to
produce seed for natural regeneration (Wethail.,1997).

In order to reduce problems associated with uablgatagriculture practices, there
have been increasing efforts for the adoption abfagestry, which can be a suitable
natural resource management system. The agrofpresithods can also increase farm
productivity and profits. Therefore, they reducdsatence land needs and subsequent
deforestation. When crop yield and value decrdasmers often migrate to open up more
land, repeating the cycle of deforestation, foreagmentation, soil degradatioetc
Forestry or agroforestry, based on good knowledgmesents the only sustainable use of
the land. Currently, farmers do not have accedsigb-quality tree transplants for their
agroforestry systems. The seeds are not oftenadlaind some tree species have low
germination rate. An alternative to sexual propagatcan be propagation asexual
(vegetative).

The vegetative propagation can produce cheap,fests genetic copies of selected
individuals for planting with many desirable traifsr simultaneous selection and
improvement in clonal agroforestry or plantationsteyns. Further it can speed up

domestication to allow urgently needed tree plantm be carried out with mixtures of



superior selections and allows new trees to beedast any time, so that seed problems
need not affect the choice of suitable plantinglsioongman, 1993).

Reforestation efforts in the Peruvian Amazon haae little success to date because
they have usually concentrated on slow-maturingoéimtree speciesCalycophyllum
spruceanum (Capirona) and Simarouba amara (Marupa) are two underutilized
multipurpose tree species that are suitable for edpication and implementation in
agroforestry systems. Both species are relativasy growing and can be harvested in 3-20
years, depending on the product desired. Thesespreges are also valued for firewood,
charcoal production, and construction poles (Wedkerl, 2002). Although charcoal
production in the forest of Pucallpa has createsthaar incentive to convert the rainforest,
this activity is slowing the rate of deforestatiarthe area (Labartat al.,2007).

This study aims to determine the effect of différeoncentrations of Indole-3-

butyric acid (IBA) on the rooting ability of leafgtem semihardwood cuttings of

Calycophyllum spruceanufCapirona) andimarouba amargMarupa).

Fig. 1. (a),(b),(c),(d): Different levels of defstation caused by slash-and-burn agriculture
around the city Pucallpa in Peruvian Amazon.



2 LITERATURE REVIEW

2.1 Vegetative propagation of tropical trees

The vegetative (asexual) propagation of planthésprocess, when an exact copy
of the genome (clone) of a mother plant (ortethede and continued in new individuals.
It is ensured by meristematic, undifferentiatedscétat can differentiate to the various
organs necessary to form a whole new plant (Wiesarah Jaenicke, 2002). Clone is a
group of plants derived from a single ortet by asgxeproduction. All members (ramets)
of a clone have an identical genotype to a singlerce plant and tend to be uniform.
Propagule is a plant derived from vegetative prapiag including tissue culture and
rooted cutting, capable of developing into an afBilirleyet al.,2004).

Clonal forestry is an operational deployment é&\a (5-50) proven superior clones
for reforestation (Burlewt al., 2004). Clonal approaches to forestry have beectipeal
for hundreds / thousands of years in Europe witlows (Salixspp.) and poplar$?ppulus
spp.), and with Sugidryptomeria japonicain Japan and China (Ohba, 1993), some very
old fruit and ornamental plants (Hartmaetral., 1996).

According to (Leakewt al 1982b, 1987) the clonal multiplication has théepdial
to exploit the considerable amount of genotypidateim present within tree populations.
Vegetative propagation further can increase yieddsl quality, and shorten rotations
alleviate of biological problemse(g., seed storage and poor viability) hindering
reforestation with hardwood species. Other poteatizatages according to (Libby, 1985)
are the ability to rapidly capture a greater prapar of the additive and non-additive
genetic variation and the elimination of inbred iuduals from plantations. Further
belongs there production of valuable, expensiveotygres and of those rare individuals
which have two or more favourable characteristighybridization or biotechnology. It is
possible to select and utilize greater geneticrditye than is normally found in a single
progeny, and to use clones that are well adaptedp@rticular site. It can further offer the
greater simplicity and flexibility of managing setd stockplants and the increasing
superiority of clones passing through multiplettsslection programmes. The possibility
of use of mature tissues can also be an advantage.

There are several disadvanteges of a clonal fgrésat shouldnt be overlooked:
The single genotype demands the same things aatie time, and thus utilises the site



worse than a mixture of genotypes. The geneticrdityemay decrease. In a mix, another
genotype may take over the ecological space leé fafled genotype. Another disadvatege

is that some desease can spread faster in a urstarrd (Lindgren, 2002).

2.1.1Methods of vegetative propagation

The classical method is propagation by stem agtinvhich encourages roots to
form on a piece of stem or twigs detached fromdbeor plant. In some species, stem
sections, root sections, and sprouts can also seweuttings (Libby, 2004). More than
80% of tropical forest trees can be rooted as Istdyn cuttings (Fig. 2) which are also
called softwood, greenwood, semi-hardwood, ripew@odummercuttings (some of these
terms are not suitable for the tropical trees).fiLeshiem cuttings are smaller and can be
taken from softer shoots. Leafless stem cuttingsnesimes called hardwood or
wintercuttings; stakes or poles are larger androfdr wood. They do not dry up fast, and
can survive in moist soil until roots are formedittMthese 1-2 m long poles is possible to
establish “live fences” to support climbing crommpis,e.g.,in Cassia siamea, Gliricidia

sepiumand species dombacopsisndSpondiagLongman, 1993).

Fig. 2. Leafy stem cutting (Longman, 1993).

Another tree propagation technique is taking reatkers, or separating shoots
(sometimes with root section) that have been predwn roots (Fig. 3). It is possible with
Acacia dealbata, A. melanoxylon, Chlorophospp., Cinnamomum camphora, Cordia
alliodora, Melia azedarach, Millingtonia, Ocotea ambarensisand Populus canescens
(Longman, 1993).



Remove section of rool

Fig. 3. Taking root suckers (Longman, 1993).

Marcotting is propagation on the intact plant lnyagering (area where bark has
been removed is enclosed in propagation mediung,itais used as a tool for capture
mature genotypes (Burlet al.,2004).

Grafting is quite a special propagation methodaféd plants (grafts), are
compound organisms consisting of a rootstock (whreky be a clonal propagule or a
seedling) and a scion (a twig or bud from the @estonor plant), (Fig. 4). The rootstock
becomes the root system and sometimes the basalfpae bole, while the scion becomes
the upper part of the tree. Techniques of grafting based on principle of matching the
cambium of the scion to the cambium of the rootstocpromote early fusion and healing.
Grafting is commonly used to produce highly unifselected genotype clones of fruit or
nut trees (Libby, 2004). Grafting has been succésefith e.g., Cedrela, Cordia,
Mangifera, Pinus, Tectona, Terminalia, Treculiaiplochiton and is likely to be possible
with most tropical trees. It is used especiallydeed orchards (Longman, 1993).

Fig. 4. Grafting (Longman, 1993).



Tissue culture is a generic term that includesitro growth and proliferation of
relatively unorganized cells (cell culture), of loal (callus culture), of particular tissues,
and of organized organs such as shoots or roagar{aculture). Organ culture (Fig. 5) is
the form of tissue culture most commonly used toppgate forest trees (Libby, 2004).
Main steps of this method are: (i) setting up iksue culture laboratory, (ii) preparing the
media, (iii) taking the micro-cuttings, (iv) setjinthe micro-cuttings, (v) shoot
multiplication, (vi) sub-culturing, (vii) rooting(viii) transfer of plantlets to soil, (ix)

veaning, (x) re-potting and (xi) hardening (Longma93).
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Fig. 5.In vitro organ culture (Longman, 1993).

2.1.2The rooting process of the cuttings

The rooting of stem cuttings is a complex prodeswhich the genotype of the
parent plant is exactly duplicated. It is possiieause of two unique plant characteristics:
Totipotencyis the property of vegetative plant cells to caliyof the genetic information
necessary to regenerate the original pldedifferentiationis the ability of mature
(differentiated) cells to return to a meristematandition and produce a new growing
point (Hartmann and Kester, 1983). The rooting uttings starts with a healing and the
formation of new cells (Fig. 6). It continues byetimduction of root formation, and the
linking up or bridging of these roots with the dixig vascular tissue of the cutting stem.
These newely formed roots further elongate andlfirevelope to a new functional plant.
Several exogenous and endogenous factors influeecguccess of this process (Wiesman
and Jaenicke, 2002). These factors are describfetiowing text.

-10 -
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Fig. 6. Different stages in the rooting processl te factors influencing them (Wiesman
and Jaenicke, 2002).

2.1.3Donor plant factors — cyclophysis and rejuvenation

Cyclophysis refers to the maturation state oftdreninal meristem and the effects
of that on propagation and subsequent developrirembany tree species, the maturation
state of the cutting is of great importance. Jueeauttings typically root easily and grow
well, but mature cuttings root with difficulty, gnoweakly, and often maintain branch form
for several or even many years (Libby, 2004).

Sexual maturation can be understood as a develtpimgenetic process,
proceeding more or less continuously from embryotficough various juvenile,
adolescent, and mature phases, to a late-matuse fhby, 2004). Juvenile phase can be
short (1-2 years) or long (greater than 30 ye&s)ual maturation includes morphological
changes (growth rates, plagiotropism, foliar mofpfg, reproductive competence) as well
as physiological and biochemical changes. Whileunadibn is likely under genetic
control, the effect of environment on gene expsss also significant (Webber, 2004).

The change from juvenile vegetative growth stagsetxually mature growth stage
is called Phase change. It can be accelerateddftyngy seedlings onto mature rootstocks
(Lewandowski and Zurawicz, 2000). The ability afmiénal shoot to produce roots rapidly
declines with tree age and it is very difficultrmot cuttings from the crown of a mature

tree, with some exceptions. Bucalyptus degluptathe maturation of trees propagated
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vegetativelyusually occurs rapidly and appears to be due tgtbduction of a rooting
inhibitor in mature apical or epicormic leaves (Bp2004).

Rejuvenation is the opposite process to maturaiioageing. The rejuvenation of
Eucalyptusshoots from the crown of mature trees is possibteugh rapid ‘cascade’
grafting (including micrografting) on juvenile ra@ddcks or micropropagation (five to six
transfers are usually required); (Potts, 2004). &torest-tree species naturally sprout at or
near the root collar when the top is killed, frame stump when cut, or from roots (Fig. 7).
When applied on purpose, this regeneration teclenisjcalled coppicing (or pollarding if
the stem is cut 2-3m above ground). It results aintaining many of the same (usually
well-adapted) genotypes in the subsequent foresit-Borouting results in spreading the
clone over short distances, and it can be stimdilbieripping the soil to cut up the root
systems, or by otherwise damaging the roots. Sprcam also serve as good sources of
cuttings or tissues for subsequent cloning to oies. They are particularly effective
because traits of the mature tree can be evaluabtedbecause the sprouts are usually at a
juvenile or early adolescent maturation state (iil2904).

The stockplant, established by felling a selectedture tree, and repeatedly
harvesting the coppice shoots it produces, is densd as the best way to return to the
juvenile state (Leakey, 2004). IWilicia excelsa the rooting ability of cuttings from
coppice shoots was negatively correlated with tfeat the stump (Ofoet al, 1997), and
in Vochysia guatemalensiscreasing stump diameter had a negative effeegboting too,

with larger stumps produced more shoots (Ritkl, 1998).

Fig. 7. Stump sprouts (Longman, 1993).
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Chronological age of the tree refers to informatoncerning the time passed since
germination. The oldest part of a in terms of clotogical age can be found near the base,
while the chronologically youngest parts are thenteal meristems. Ontogenetical age
means if the tree is juvenile or adult, and thded#int stages of development from
germination to senescence. The shoot sprouting teailase is now ontogenetically
youngest and the most juvenile, while the termmakistems are ontogenetically oldest.
Physiological age describes when a plant is impigpwar deteriorating, and informs in
regards to vigour and susceptibility patterns omkesing of the plant (Fortanier and
Jonkers, 1976). The poor rooting ability of matsi@ots can be attributed to physiological
ageing rather than to ontogenetic ageing. Experisneithin the crown of mature trees are
difficult to do, because requires the formationpbi/siologically young shoots within an

ontogenetically mature crown (Leakey, 2004).

2.1.4Donor plant factors — topophysis and plagiotropism

Topophysis has elements of cyclophysis, but addseféect of the additional
differentiation that occurs after lateral meristears produced and grow into a branch
hierarchy, plus the different physiological conalits of branches in different parts of the
tree. It is effect of the position in the parentiown from which the plant material is
collected. Different parts of a large tree are ¢gfly at different maturation states. The
more juvenile (usually early adolescent) statef@wad low in the tree or in the roots, and
with cumulative distance along the stem are thetmusture occurring in the terminal
meristem(s). It is possible to influence the maiaorastate of propagules by choosing the
location on the donor plant (Libby, 2004).

From the top of the plant to the bottom, thera ithin-shoot gradient in age that
affects the leaf size, leaf water potential, leafbon balance, leaf senescence, internode
length, internode diameter, stem lignification, rierit and stem carbohydrate content,
respirationgetc. This mean that no two cuttings are physiologjcalentical with the same
rooting capacity. IMriplochiton scleroxylorstockplantsthere were found strong gradients
within a stem node position in rooting ability acwtting mortality, and strong relationship
between cutting length and rooting ability (Fig. 8his may be due to the need for storage
capacity for current assimilates until the new sofeirm a sink for these carbohydrates
(Leakey and Mohammed, 1985). Tchoundjeu and Le&k@96) further showed a negative
relationship between leaf area and cutting lengtiggesting that short cuttings can't
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provide the storage capacity for assimilates comfrgm a large leaf. Relative
concentrations of carbohydrates and nutrients ittingu tissues as stored reserves for
successfull rooting vary between node positions amdr time in Khaya ivorensis
(Tchoundjeu and Leakey, 2000).

% cuttings rooted % cuttings dead
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Fig. 8. Mean effects, after 10 weeks, of node pwsston rooting and death of single-node
leafy mainstem cuttings from undecapitated stocekplaof threeT. Scleroxylonclones
(Leakey and Mohammed, 1985).

There are differences in rooting ability betwede tateral shoots (even in the
simplest type of stockplant). M. Scleroxylonthere was found a relationship between
percentage rooting and the number of shoots pert.plavo-shoot stockplants had the
highest rooting ability. The percentage of cuttingsted declined as the height of the
stockplant increased. The rooting ability can bleasced by the use of fertilizers, or by re-
orienting the stockplant (angled or horizontal).eTipper shoot had the highest rooting
ability and it may be enhanced by removal of thedoshoots. The intershoot competition
can be the factor in the determination of rootibdity. Basal shoots had a higher rooting
ability than upper shoots in situations of low kbqgual competition. The rooting ability of

basal and upper shoots was similar under simgét konditions (Fig. 9); (Leakey, 1983).
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Fig. 9. Effects of the number and position of skomt stockplants ofl. scleroxylon,

relative to a light source (Leakey, 1990).

Non-erect propagules obtained from older ortetsehasually a tendency to
plagiotropism. Plagiotropism indicates that the nmaiem of the growing propagule
develops at an angle and rather like a branchr(afith bilateral symmetry), as contrasted
to vertical, radially symmetric orthotropic growtypical of seedlings and other juvenile
propagules (Libby, 2004). Species vary in the gfteiof plagiotropism (Zobel and Talbert,
1991).

2.1.5Donor plant factors — periphysis and genetic facta

Periphysis refers to the effects of the operatienaironment of the donor plant on
the physiological condition of the parts samplednfrthe donor (Libby, 2004). If.
Scleroxylonthere was found complex of interactions betweemienis and the quantity
and quality of light, which affected photosynthesinl the carbohydrate status of cuttings.
High irradiance with low nutrients resulted in higkarch content. Cuttings with high
starch concentrations, associated with low ratephaitosynthesis appeared to inhibit
rooting. Active photosynthesis was associated gabd rooting. Both low irradiance and
low red:far-red ratios independently enhanced noptbility (Leakey and Storeton-West,
1992). InEucalyptus grandisthe cuttings from shaded stockplants had longer intesp
greater specific leaf area, greater codominancevdmst shoots, lower rates of pre-
severance net photosynthesis, lower chlorophyliceotration, but higher rates of net
photosynthesis per unit of chlorophyll and otheffedences (Hoad and Leakey, 1994).
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These gas exchange characteristics subsequenthnesdh the cuttings post-severance
physiological status and promoted high rootingigbfHoad and Leakey, 1996).

2.1.6 Stockplant management

The good donor plant or stockplant management sgithee opportunity for
enhancing the rooting ability of cuttings by proingtthe appropriate morphological and
physiological conditions of the shoots (Leakey, £00'he shoots from within about one
metre of the ground are usually juvenilie, vigorarsed easy-rooting (like shoots from
seedlings). The stockplant can be established lbpgea selected tree, or by planting or
potting clonal cutting. Coppice stumps need freqiinvesting and pruning to prevent tall
shoots and those with branch structure, insteagriical main stems developing (Fig. 10);
(Longman, 1993). Methods like hedging, or shading ritrogen-fixing species like
Leucaena leucocephalgan be very beneficial (Leakey, 2004). Leguminotlsuls
Flemingia rhodocarpais used in stockplant areas for Robusta coffébeOspecies like
Acacia, Delonix, Cassia, Erythrina, Gliricidia, Pida, Prosopisand Sesbaniacould also
be tried. The stockplant qualities and thereby ingptbility can be also enchanced by
good watering, mulching, use of fertilizers, orcatation stockplants with the appropriate
mycorrhizal fungi (Longman, 1993). Ih. scleroxylon the injection of auxins into the

stockplants enhanced rooting ability of cuttingedkey, 1992).

Fig. 10. Pruning stump sprouts (Longman, 1993).

2.1.7The propagation environment for leafy stem cuttings

Leafy cuttings would dry out very quickly and netx be kept very high air
humidity. Other conditions recommended are modbrdtav light intensity; equable
temperatures, suitable rooting medium, and pratedtiom wind, heavy raindrops, pests
and diseases (Longman, 1993). The propagation emagnt should encourage
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meristematic activity (mitosis and cell differeniten) in the stem, and physiological
activity (photosynthesis and transpiration) in lieegf to minimise the physiological stresses
experienced by the tissues, from transpiration rasgiration. The transport of assimilates
and nutrients from the leaf to the base of the sterd of water from the base of the stem
to the leaf, are also important (Leakey, 2004).

The most common types of propagation systems iaréodging systems, (ii)
intermittent mist controlled by a range of differesensors and (iii) air-tight, water-tight,
high humidity, non-mist propagators (Fig. 11). Tdhaystems vary in cost, sophistication
and effectivity (Leakey, 2004).

polythena

Fig. 11. Subirigated non mist polypropagator (Leadéteal., 1990).
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Subirigated polyethylene sheet non-mist polyprapagprovides a very uniform
and humid environment if the box is airtight andtevaight. The advantage of these low
cost and low-tech propagators is, that can be umssiuations, where electricity and piped
water are not available (Leakeyal, 1990). The cuttings can be well supplied withexa
at the cutting base while the leaves are in a caglwhdy environment with low vapour
pressure deficit (VPD) to minimise water stress anerheating (Leakey, 2004). When the
lid of the propagator is opened and in the middig pf the day the cuttings have to be
sprayed, because 90 % RH (relative humidity pejceiit soon dry up (Fig. 12), even

when a hand-sprayer is used (Longman, 1993).

Lid
100 Lid closed
opaned l +Iﬁﬂ'
ool Q | spraying
m -
?ﬂ -
“RH
Bﬂ -
Eﬂ B \/-\JH
.q_u -
30- _1 L 1 1
5 10 15 20
Minutes

Fig. 12. Rapid humidity decrease in non mist padgagator, when the lid is open
(Leakey, 1990).

For shading, there can be used materials sucha#ting) woven bamboo, palm-
leaf, plastic shadecloth or metal sheets with stiareslucent panels. It should avoid large
sun-flecks and areas of dark shade especiallyeimibrnig and in the afternoon (Longman,
1993). While shading is beneficial, leafy cuttingsed enough light to photosynthesise.
Interestingly, the highest values of photosynthésisevered cuttings have been found at
relatively low levels of irradiance (Leakey, 2004).

The rooting medium is usually sand, gravel, gsakdust or mixtures. Sand, grit
and gravel should be washed before use, and otirapanents should not be full of
troublesome weeds, animal pests or disease-caummgds (Longman, 1993). The

composition of the rooting medium is often critidar rooting and can vary between
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species, and cultivars/clones. In addition to hajdthe cutting firm, it has to provide

moisture retention/drainage and allow respiratiomf the tissues and root penetration.
The the optimal air:water ratio (gas:filled poreasp ratio) of the medium tends to be
species specific (Leakey, 2004). Milicia excelsa the moisture content of the medium
was positively related to the numbers of roots fednand negatively related to mortality

and leaf abscission (Ofcet al, 1997).

2.1.8Leaf area of the cuttings

The rooting of softwood cuttings is usually depamdon the presence of a leaf and
physiological processes inside. Death of the lesf t rotting, necrosis, bleaching or to
leaf abscission is usually most common reasonHesé cuttings failing to root (Leakey,
2004). Trimming the leaves by sharp scissors iomant for leafy cuttings of species with
leaves longer than about 8-10 cm, before the sha@sdetached from the stockplant.
Large leaves may lead to more loss of water byutiteoted cutting. On the other hand,
small leaves may not produce enough sugars and fibstances needed for the cutting to
survive (Fig. 13). The best size of the leaf ar@aes from one tree species to another (Fig.
14). It is also influenced by the type of cuttingxin application used, propagation
environmentetc Experiments withTriplochiton have shown that rooting is better when
the leaf-blade is neither too big nor too small {gman, 1993). Rooting appears to be
promoted by the production of specific sugars dutime time in propagator. There is a
relationship, which develops after severance, ttirgs with differing leaf areas, between
rooting ability and the content of reflux-extractedluble carbohydrates (Leakey and
Storeton West, 1992).

LEAF TOO BIG

LEAF TOO SMALL
LEAF JUST RIGHT

More than enough sugars Not enough sugars Enough sugars
Large water loss Little water loss Some water loss

Fig. 13. Comparation of three different leaf aref$. scleroxylor(Longman, 1993).
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Triplochiton
scleroxyion

Lovoa

trichilioides
Khaya

ivorensis

Fig. 14. Optimal leaf area of some species (Longrhas3).

2.1.9The plant material collection and cuttings preparaton

The cuttings collection is best early in the mognin misty weather or just after
rain. The leaves of donor plant should be alreaislyned to the optimum size, and the
polypropagator, workplace, tools, record sheets palyethylene bags (white on the
outside and black on the inside) have to be prepdiee rooting medium is moist, but not
too wet. After taking the shoots, it is necesserkdep the labeled bags in shade, and take
them carefully and quickly to the propagation gleangman, 1993).

The shoots first have to be divided up into cginunwanted material is removed
(Fig. 15). The each cutting base have to be ratdtyevery sharp knife or scalpel blade.
Recomended length is 2.5-12 cm, with a stem dianatde base of about 4-8 mm. Long

cuttings usually root best (Longman, 1993).

Fig. 15. Dividing the planatarial into cuttings (Longman, 1993).
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Single-node cuttings give larger numbers of cg#irfrom limited amounts of
material. Two or three node cuttings are suitablteshoots with shorter internodes, those
which lack leaves or buds and for species thaharder to root. Many-node cuttings are
best for species with minute leaves and very shoternodes. Split cuttings are
occasionally used where there are two buds at eadé (Fig. 16). In robusta coffeeg.,
two cuttings are often made out of one by splittimgm down the middle. If there is plenty
of material, it can be chosen standard size ane ¢§puttings, otherwise the cuttings can

be graded into different size classes (Longman3)L99

spiit cultings

Fig. 16. Types of cuttings nodes (Longman, 1993).

2.1.10 Growth regulators and treatment

Auxins generally make cuttings root more rapidiymulate more roots on each
cutting and lengh then the zone in which rootsfanm@ed, giving a better root system (Fig.
17). They also can turn a very hard-to-root speicigsa rootable one, or change the type
of root produced (Longman, 1993). Tree speciesevmh clones can appear to respond
differently to individual and mixed applications afixin at differing concentrations, even
when many other factors are constant (Leakey, 200#nes ofT. scleroxylon which
appeared to have different dose response curveted@qually well at 40y of auxin per
cutting(Leakeyet al, 1982a). Most commonly used artificial auxins lamewn as indole-
3-butyric acid (IBA) anda-naphalene acetic acid (NAA), or combination of IBIAA.
IBA is usually the most effective (Leakey, 2004).

There are several methods of auxin aplicat@uick dip method is dissolving of
the auxin in alcohol and treating the base of eathng for 1-5 secsSoakmethod is for
few species that are intolerant to alcohol. Tharaiscdissolved in water, and the prepared
cuttings are left standing with the basal part @38 in the solution for 4-12 hours before

setting them. It is possible to use also auxiningopowder falc). Dosage of IBA is at a
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concentration of 2.5-5.0 grams/litre (= 2500-50@npor a 0.25-0.5% solution). Solutions
of auxins should be kept only for a week, evenha tefrigerator (Longman, 1993).

The health status of donor plants and thereby@iiings is very important aspect
of rooting process. Its is important to avoid desela or unhealthy plant material. The
cuttings can be treated by solution of fungicidestizide, or surface sterilant to prevent
pests and deseases (Wiesman and Jaenicke, 20@inanon1993).

—IBA +1BA (2g/1) +1BA (16g/1)

Fig. 17. Different rooting responses to differeBflconcentrations (Longman, 1993).

2.1.11 Cuttings instalation, labeling and care

The lid of polypropagator should be closed to namair humidity and opened
only enough to work. In the substrate, there haveetmade holes about the same diametre
as the cuttings, arranged in rows, or blocks. Theeliom is firmed around each cutting
after the setting in. Naturally, the cuttings hdégebe in shaded, moist environment also
during the instalation. It is recomended to use/gblylene bags and fine spray of water
(Wiesman and Jaenicke, 2002; Longman, 1993).

The information on labels can include the clonenber, the date of setting, the
number of cuttings set, the treatment, and thekblacd other variables, such as the origin
or type of cutting, node numbetc The records are important too (Longman, 1993).

The main features that have to be checked duhagotopagation process are the
water level, air humidity, and the temperature atev, air and rooting medium. The water
should be stored in clean barrels in the propagatiea, to have similar temperature to the
temperature of the rooting medium. The waterinigeist early in the morning, or late in the

afternoon. The health state of the cuttings haveetohecked as well (Longman, 1993).
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2.2 Calycophyllum spruceanum (Bentham) Hooker f. ex

Schumann (Rubiaceae) - Capirona

2.2.1Botanical description

Scientific nameCalycophyllum spruceanurfBentham) Hooker f. ex Schumann.
origins of the name is from the Greek kalyx (calgxd phyllon (a leaf) refering to the
calyx teeth. Botanical synonyms a@alycophyllum spruceanum forma brasiliensis
Schum. Calycophyllum spruceanum forma peruvianuka Schum., andEukylista
spruceanaBenth. Indigenous names in Peru are Capirona, Qapinegra and Mulateiro.
In Bolivia is C. spruceanuncalled Guayaboiji, or Cojesche. Spanish name i3 &ahrillo
(Quattrocchi, 2000). Indigenous name in Brazilasifmulato-da-varzea (Almeida, 2004).

It is the fast growing tree of up to 180 cm diarmednd 20-35 m high with very
straight, regular cylindrical stem (Fig. 18a); (Adida, 2004; Sears, 2003). In the non-

dense canopy in the last upper third may occurgdetf abscission during the dry season
(Sears, 2003).

Carlos A’e'gne/

Fig. 18.Calycophyllum spruceanurta) Growth habit, (b) branch with leaves and flosye
(c) flowers, the two sides in bud, (d) flower, linginal section, (e) stamen, (f)
hypanthium with removed corolla, (g) fruit, and é®ed; (Reynedt al, 2005).
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Outer bark (Fig. 19) is smooth green, very chartic, homogeneous, shiny,
giving the impression of a well polished pole, a®ek with red-brown papyraceous
rhytidome which is separated in large plates, urtag revealing the greenish surface of the
cortex (Almeida, 2004; Reynel al, 2005). Homogeneous inner bark is creamy-green and
1-2 mm thin (Reynett al, 2005).

Fig. 19. Bark ofC. spruceanum.

Branches have round or flat section in the terinaraas (diameter 5-6 mm),
reddish brown when dry, smooth, shiny, with whaaticels.C. spruceanunias opposite
decussate simple leave arrangement (Fig. 20, 1824&) with elliptic or oblong 5-10 cm
long and 3-5 cm wide leaves. The non winged peti®/&-2,5 cm long) with grooved
blades entire is provided with the apex acute aaecuminate, base obtuse. The venation
is pinnate, secondary nerves (12-15 pairs) ardélyighinted on upper and embossed on the
underside, the axils of secondary veins with smafhatia on the underside (Reye¢lal,
2005).
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Fig. 20. Leaf arrangemetnt 6f spruceanum.

Terminal inflorescences (Fig. 18b and 21) are 3@+ long, equipped with lots of
hermaphrodite flowers with presence of calyx anekia (Fig. 18c, 18d, and 21). Flowers
(2-1.5 cm long) are entirely wrapped in a decidubtesct, which is normally removed
from the central flower as the first. The pedicate 2-3 mm long, calyx is 1 mm long,
white tubular corolla is campanulate (5-6 lobedjhvs-6 equal stamens (Fig. 18e, and 21)
at the corners of the lobes. Anthers are fixed mededorsal. Pistil have inferior ovary,
ellipsoid-truncated, filiform arranged and bifidesyed stigma. Each flower mature in 2 to
3 years in open-grown conditions (Reyagehl, 2005).

Fruits are small elipsoid oblong capsules (5-8 fong), opening in two carpels
when splits (Fig. 18g, and 21). Small winged eldedaseeds are provided with the
embryo in central position (Fig. 18h, and 21); (Ralet al, 2005).

-25 -



106.

\

) fioatmdeed

| = —
. 2

CALYCOPHYLLUM  Spruceanum.
Fig. 2 Calycophyllum spruceanufmon Martiuset al.,1889).
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Other species of the gen@alycophyllumhave similar bark and wood and can
have a similar folk name, but can be distinguistiemm C. spruceanumby these
characteristicsC. Multiflorumis a smaller tree (10-25 m high), it has smallevés (5-8
cm in length and 3-4 cm wide(,. acreanunhas larger leaves (up to 20cm long), the calyx
has very small sepal€. obovatunhas one of its sepals many times larger than therst
with format obovate, narrowed at the base (Almek{®4).

2.2.20rigin and distribution

The origin and distribution of. spruceanums in the Amazon Basin, up to the
elevation of 1200 m asl (Reynet al, 2005). It is a pioneer tree species that colanihe
floodplains, natural disturbed forests and andhstasd-burn agriculture fallows (Linares
al., 1992). It is common in secondery forest areas atdrally also in primary forest§.
spruceanunoccures areas with high and constant rainfall,dbstd areas with notable dry
seasons. It is stone tolerate tree prioritizingrigdo sandy alluvial fertile soils (Reynet
al., 2005).

C. spruceanunis heliophyte (Reynedt al, 2005; Almeida, 2004) and hygrophyte
species (Almeida, 2004). It is a typical tree wadlapted to growth in riparian forests
temporarily flooded by clear water ("Varzeas");rnareset al., 1992; Sear®t al, 2003;
Reynelet al, 2005; Wightmaret al, 2006; Almeida, 2004). Homogeneous natural and
semi-natural stands @. spruceanuntan often be observed along riverbanks (Linates
al. 1992, De Jong, 2001). It is shade-tolerant speamgsit can survive beneath the fast
growing trees (Diaz, 2009).

2.2.3Silvicultural management

C. spruceanungrows relatively slowly initially. It is shade thnt, and grows
beneath the fast growing species. Its chancesreivallamongst the short-lived herbs and
grasses are good (Diaz, 2009). The spacing oflémgpion is usually 2,5 x 2,5m, or3 x 3
m, but it can be higher, depending the system (2@ 1100 seedlings/ha); (Wightmanh
al., 2006).

Study of this species with seeds of different io8gin the Peruvian Amazon
reported the increase of height from 1.4 to1.6 siamonths and from 3.5 to 4.7 m at one
year of age (Sotelo-Montes al,, 2000).

The prunning is recomended from the third or fourear. It is possible regularly
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cut branches for firewood and charcoal producti®ems can be harvested for
construction poles and charcoal/firewood after 3 tgears, or sawn timber after 15 to 20
years, and then coppiced for successive harvesth{ivanet al, 2006).

There have been recorded six phytophagous ingettS. spruceanumAphis
gosspyii, A. spiraecola(Aphididae), Cyphonia clavata (Membracidae), Leuronota
calycophylli(Psyllidae),Perigona inferrupta(Sphingidae) and one unidentified species of
Dalceridae (Lepidoptera).. calycophylliis the only species that damages the plant

(Couturier and Gonzales, 1994).

2.2.4Uses

C. spruceanuncan be incorporated in agroforestry plantatiore€®-Montes and
Weber, 1997). The most used parts of the tree acel\and bark.

The wood is widely used for constructiorssg(, beams, poles), and further is
suitable for production of firewood and charcoatdese of the high calorific value and
flame quality (Sotelo-Montes and Weber, 1997; Se2063; Wightmaret al, 2006). It is
smooth to the touch, hard, heavy, straight to cgrbined with fine texture and excellent
durability and woodworking qualities (Reynet al, 2005).C. spruceannunias diffuse
porous wood, very dense when mature (0.65 f)ichuster is moderate, smell and taste
imperceptible. Axial parenchyma is indistinct, wigmall very numerous, solitary and
multiple empty pores. Visible, thin rays are natastied. Growth rings are visible and
demarcated by fibrous zones (Gonedzal., 2006). Genetic correlations indicate that, in
general, selection of faster growing trees andées with denser wood would have little
effect on wood color and its uniformity (Sotelo-Meset al, 2008).

C. spruceanuns noted for its ability to completely shed andeegrate its bark on
a yearly basis, making harvesting the bark a tptalhewable and sustainable enterprise.
Indigenous people of the Amazon use a bark decgodtiternal and external, as an
admixture in theAyahuascaituals, and in folk medicine and cosmetics. Tleeattion is
ethnomedically used for treating abscesses, ages,sporns, cancer, cuts, diabetes, eye
infections, fibromas, fungal infections, insectesit liver problems, malaria, ovarian
problems, pellegra, rashes, scabies, skin fungn phrasites, swelling, uterine cancer,
wounds and wrinkles. The traditional remedy is f oidecoction two to three times daily.
It can be also applied externally directly to tHéeeted area several times daily and
allowed to dry before covering (Taylor, 2005).
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The properties documented by research are: ateii@c anticandidal, antifungal,
antioxidantive and insecticidal (Taylor, 2005). Tiherk contains tannin substances which
give it an astringent or drying effect, and a higintent of phenols and organic acids.
Three seco-iridoids isolated from the wood barkCogpruceanunshowed in vitro activity

against the tropical parasiferypanosoma crufZuletaet al, 2003).

2.2.5Natural reproduction

C. spruceanursexually mature in 2-3 years in open-grown condgidn the study
of fallow land realized in Peruvian Amazon near thy Pucallpa (Fig. 22), was the
flowering periodthree months long, lasting from June to Augustweling peaked in July
80 % of individuals (Diaz, 2009). Another floweringcords are since the beginning of the
dry season until its end, between April to SeptaniBeynelet al, 2005).

Fruit formation takes four months and occurresoginparallel to anemochoric or
hydrochoric seed dispersal. The seed is very siiatlland has long wings (Diaz, 2009). A
quantity of seed weighing one gram contains 6 @&@ls (Wightmaet al, 2006).

The seed may be dispersed by wind some kilom@\eseida, 2004; Wightmaet
al., 2006). The period of seed dispersal near Pucalgsathree months long, beginning in
mid September and ending in mid December. The pes&ed dispersal coincided with the
beginning of the rainy season. Frequently the criaagither partially or entirely defoliated
during the period of seed dispersal. The dry frugsally remain on the branches for a few

weeks after dehiscence (Diaz, 2009).
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Fig. 22. Phenological behaviour 6f spruceanunn the Neshuya-Curimana sector, 1999-

2000 (Diaz, 2009).
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2.2.6Artificial propagation

C. spruceanums usually propagated by seeds. The cotyledon pbages by
epigeal germination (6-60 days), which requiresdgasubstrate, water, sun and the
temperature between 15-33 °C. The seeds can ledrbg vater during 12 hours before
sowing (Almeida, 2004), The gemination rate is 87 with fresh seeds in nursery
conditions, in open growth conditions with rice riktions is 46 % and without any
plantation is 37 % (Diaz, 2001). The small seedetape opens completely. The equal,
foliaceous, opposite cotyledons are horizontalharaged face to face in the interior of the
seed (Fig. 23a). Cylindrical hypocotyl is 8-10 mamd. Epicotyl is not yet developed,
showing only the beginning of the terminal sprdRidicle is white, tapered of cylindrical
form, 3-5 mm long (Diaz, 2009).

At the photophyllous phase (Fig. 23b), stipulasam for the first weeks, but later
are shed, leaving transverse scars (Diaz, 2009).

The last two or three leaf pairs are shed at tl¢aphyllous phase (Fig. 23c),
leaving elongated scars. Seedling axis has quadli@ngross section, without secretions
(Diaz, 2009). The seedlings have to be transplaiot@thstic bags (Fig. 24), in which they
are kept until they reach about size about 50 anth@ age of 5-6 months) after that can be
taken to the final spot (Sotelo-Montetsal, 2000).

Vegetative propagation of. spruceanumis not developed yet. There wasn’t
archieved good rooting success without any treatniescalante, 1993; cited in Sotelo
et.al.,2000). Another study of vegetative propagation efpjuvenile material taken from
coppice shoots was done in Brazil. It showed 1000%iing success after 60 days in
greenhouse and misty conditions. This researchndidprove any significant effect of
growth regulators on rooting success, but the fength was greater at concentrations
1000 and 2000 ppof IBA as well as of NAA (Gatti, 2002).
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Fig. 23. Morphology of the phases of the initighge of seedling development Gf
spruceanum (a) Cotyledon phase (day 4), (b) protophyllousigeh (day 32), and (c)
metaphyllous phase (day 70); (Diaz, 2009).

Fig. 24.C. spruceanumseedlings.
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2.3 Simarouba amara Aublet (Simaroubaceae) — Marupa

2.3.1Botanical description

Scientific name the species 8marouba amargAublet, 1775). Some botanical
synonyms aré)uassia simaroubd. f., and Zwingera amara(Aubl.) Willd. Indigenous
names are: Aceituno (Central America), ChiriguaBdliyia), Marupa (Brazil), Simaruba
(Colombia), Cedro amargo (Ecuador), Marupa (Peamd Cedro blanco (Venezuela);
(Gutierres and Silva, 2002; Géraed. al. 2004). Other local names are: Marapauba,
Paraiba and Tamanqueria (Brazil), Cuna and Guit@ooador), Simarupa (Guyana), and
Soemaroeba (Surinam). In the United Kingdon$.isamaracalled Bitterwood (Gérardt.
al. 2004)

Simarouba amaras the big, insect pollinated dioceous tree, whiah grow up to
35 m in height (Fig. 25a); (Croat, 1978). The trelbew good bole form and may be free
of branches to 27 m. Common diameters vary frortoSD cm (Cronquist, 1944).

Simaroube amara Aublet

Fig. 25.Simarouba amara(a) Growth habit, (b) inflorescenced twig - femdle part of
the inflorescence - male (Spichigsr al.,1989).
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The bark ofS. amaraFig. 26) is in long pieces, from 4 to 12 cm watel 2 to 5
mm thick, folded lengthwise, light, flexible, tenawas, very fibrous, externally of a light
brownish-yellow color, rough, warty, and markedmtitansverse ridges, internally of a

pale yellow. It is without odor, and of a bittesta (Remingtoret al, 1918).

Fig. 26. Bark ofS. amara.

S. amarahas alternate, imparipinnate compound leaves {22.6m long); (Fig.
25b, 27, and 30). The petioluled leaflets are afplB12 cm long), obtuse and apiculate
blades at the the apex, with a glossy green sudadea white underside. The very fine
lateral nerves are united near the margin. The gkny and tertiary veins are very
indistinct (Franceschinelét al, 1998).
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Fig. 27. Compound leaf &. amara.

The unisexual yellow sessile flowers are relagiv@hall (up to 11 mm long) and
densely arranged in large panicles (usually 30 @mg) (Fig. 25b, and 28). The calyx is
connate along its basal half and has (4) 5 (-6alsefphe dialipetalous corolla also has (4-)
5 (-6) petals. The staminate flowers have (8-)-1@)(stamens with a scalelike appendage
at the base of the filament. The pistilate flowbese a pseudo-apocarpous gynoecium
comprised of a gynophore topped by (4-) 5 (-6)vittial, uniovulate carpels connate only
along their ventral sutures and the single gynabasile. The gynophore is present in
staminate flowers, but the ovary is absent or gesdtiStamens are absent or vestigial in
pistilate flowers (Franceschinedt al, 1998).

The large, olive shaped fruits are a carpophoréb wp to five drupaceous
mericarps, almost black when ripe (Franceschieeldil, 1998). The fruits are produced 1-
3 months after pollination, and are 17 mm in lengiith the 10-14 mm long seeds which
do not experince dormancy. The primary dispersélS.oamaraare primates and birds
(Croat, 1978).
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Fig. 28.Simarouba amargprinted ag)uassia Simarub@Noodville, 1792).
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Simarouba amaras frequently confused with two other continergpécies of the
neotropical genuss. glaucaandS. versicolorResearches sometimes treated these species
as conspecificS. glaucaandS. versicolomwere found to be morphologically closer to each
other than td&. amaraGeographical and morphological data, with leafufess are useful
for species identificatiors. amarais restricted to wet forests afd glaucato dry forests.

A character often noted in this species is theeexély bitter bark (Franceschinedt al,
1998).

2.3.20rigin and distribution

Simarouba amards a widespread tropical tree species of upperosi®grica,
Central America, the Amazon basin and Carrebealonmedf is low-area species of very
humid, rainy conditions and altitudinal range frahe sea-level to 850 m (Chudnoff,
1980). It attains its best development in Brazitl amorthern South America, while in
Central America it occurs infrequently and in smabize.S. amaraoccur in the seasonal
forest on sandy soils and in the rain forest (Cuistg 1944).

2.3.3Silviculture management

The best development of the seedlingSofamaraheight and diameter in Jenaro
Herrera in Peru, was observed in spacing of 10 arD15 x 15 cm. After 3.5 months in
nursery bedss. amarareached a higher survival rate and increase imelier in full sun
conditions. By contrast in low light conditions wie greater increase in height (Vargas
and Portocarrero, 1992).

The survival rate, diameter and hight increasensdtdr the transplantation in
Jenaro Herrera was better with ,soil cake” in ogeswn conditions than with bare root, in
hedges (Vargas and Portocarrero, 1992).

S. amarais the host plant for thEulgora laternaria (Machaca or Peanut-headed

Lanternfly), (Janzen and Hogue, 1983).

2.3.4Uses

S. amaracan be used in agroforestry plantations. In thelystfocused in the
Atlantic region of Costa Rica w& amaraone of 16 species (of 62 studied) classified as

the most suitable for incorporation in coffee péinns (Linkimeret al.,2002). The most

-36 -



used parts of the tree are wood, bark and leaves.

The wood ofS. amarais whitish or light cream-colored, sometimes wih
yellowish cast, and shows no distinction betweeartiood and sapwood. It is without
odor, but it has a mild to decidedly bitter tagtbe wood has medium coarse texture, with
straight grains, without interlocked grains. Ipisrous without figure and possesses a high
luster. The wood floats and durability in forestasv. Physical and mechanical properties
can vary greatly depending of origin and growth dibans (Gérardet. al. 2004). The
wood of S. amarais used for interieror exterior purposes if propdreated. It is used
locally as a general utility species. Its is alsediin furniture and cabinet work, music
instruments, millwork, patterns, core stock, mascaed core for paper (Loureiro, 1968).

The leaves and bark 8f amaraare used in the natural medicine in the tropite T
indigenous tribes of the Amazon rainforest use laark treatement for fevers, malaria, and
dysentery, as a hemostatic agent to stop bleedimjas a tonic. In Cuba is an infusion of
S. amaraleaves and bark used as astringent, a digestiomemstrual stimulant, and as
antiparasitic remedy. It is further taken interpdbr diarrhea, colitis, stomach and bowel
disorders, hemorrhages, indigestion, anemia armainak bleeding and used externally for
wounds and sores. The traditional remedy for dearlor dysentery is 2-3 cups of
decoction of bark daily. There are reported sonde siffects at high dosages (increased
perspiration and urination, nausea, and/or vomiti(icaylor, 2005)

The properties documented by research are: ardebi@ntibacterial, anticancerous,
antidysenteric, antileukemic, antimalarial, antiegénic (cellular protector), antiparasitic,
antiprotozoal, antitumorous, and antiviral The magtive compounds i15. amaraare
called quassinoids which belong to the triterpene chemical familyt ihclude:
benzoquinone, canthin, dehydroglaucarubinone, glaine, glaucarubolone, melianone,
simaroubidin, simarolide, simarubin, simarubolidéosterol, and tirucalla. Ailanthinone,
glaucarubinone, and holacanthone are the ones dotatto be antiprotozal, anti-amebic,
antimalarial, and even toxic to cancer and leukessls (Taylor, 2005).

2.3.5Natural reproduction

In the Adolpho Ducke Forest Reserve, there wasrobd that the phase of
complete flowering occurred in the transition oftveeason (Nov-Dec). The phase of
mature fruit occurred in the wet season (Feb anda).MEhe phenophase new leaves
occurred in the dry season (Sep and Oct). Frumhdbion got positive and significative
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correlation with rainfall, negative and significagi correlation with solar radiation and
evaporation. New leaves phenophase showed posgtidesignificative correlationship
with solar radiation, evaporation and maximum terapee; negative and significative
with rainfall. It didn't present linear correlationth the phenophase complete flowering
(Pintoet al.,2005).

2.3.6Artificial propagation

S. amarais usually propagated generatively by seeds (F&J. Zhe weight of
thousand seeds was estimated to 365 g. In germmnakperiments in Jenaro Herrera in
Peru was tested five pre-germination treatments saxdsubstrates. The values of fresh
seeds without treatment do not differ statisticdilym the values obtained from seeds
soaked for six, 12 and 24 hours in cold, or fivemes in acetic acid, except the test with
organic matter sterilized with formaldehyde. Inat&n to the different substrates, with
non-sterile, silty soil was achieved the highestceetage of germination. Viability test
with fresh seeds and those left in the natural itimms for one to three months indicate the
average percentages of viable seeds, of 79% t&®a&rkl 24.8% respectively. Seeds with
insect attacks represent 6.4% and 2.6%. The pagermtf rotting by fungi attack increases
to 9.2% in fresh seeds, 47.3% left for a month, 2h&% left for three months (Vargas and
Portocarrero, 1992).

Only a few studies were done about the vegetatiopagation ofs. amardill now.
In experiments in nursery bed in Costa Rica with sbstrate were used lignified cutings
(15 cm long) from different parts of mature (15 ngh) tree. After 2.5 months was
recorded almost 100 % mortality, even with aux@atment (Garcia-Villaman, 1974). Also
in another experiment from Costa Rica with 20 cgmified cuttings in greenhouse-mist
conditions showsS. amarathe largest mortality (95,3%) between 8 specieslistl.
Generally & week of the experiment, the cuttings started tcarat did not presented any
callussing, or rooting (Zanoni-Mendiburu, 1975)isTeuggests th&. amarais difficult to

root species.
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Fig. 29.S. amaraseedlings.
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3 OBJECTIVES

Vegetative propagation can be important part ohelstication of tropical trees. An
effective method of vegetative propagationGafilycophylum spruceanuCapirona) and
Simarouba amargMarupa) was not developed yet. Some difficultdot species require
growth regulator treatment for successful rootifigis research aims to develop the
methods of vegetative propagation by juvenile leafgm cuttings ofCallycophylum
spruceanumand juvenile and mature semihardwood leafy stemtings of Simarouba
amarain subirigated polyethylene sheet polypropagators.

The aim is to determine and analyze total roogtlenlength of the longest root, and
number of roots and callusses per cutting, pergentd rooting and callussing, mortality,
leaf abscission, and vigor of these cuttings udglifferent treatment concentrations of
Indole-3-butyric acid (IBA): 1000, 2000, 4000 an@0B® ppm and one control group
without any IBA treatment. The rooting medium ie$le experiments was white fine sand
(0,1-0,2 mm).
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4 MATERIALS AND METHODS

4.1 Experimental site description

The research was done in august 2009, near thh&ugdallpa, which is situated in
Peruvian Amazon basin in Ucayali region. Both ekpents were established in nursery

school (Fig. 30a) at Peruvian Amazon Researchtinstinstituto de Investigaciones de la

Amazonia Peruana - IIAPThe geografical position of the nursery is latit@}23'55.5" S,
longitude 74°38'25" W, and altitude 152 m asl.

(" o 3 e
g it L j ¢ 4/”;'.

Fig. 30. (a) Nursery school at Peruvian Amazon Retelnstitute near the city Pucallpa;

(b) The construction of subirigated non-mist pdiygtne polypropagator.

4.2 Propagator and rooting medium

In the experiments low technology subirigated ptilylene polypropagators were
used, which are suitable for developing countriéh 'ess o no availibility of water and
electrocity. These polypropagators are also redfticheap and easy to construct. The
polypropagator was constructed following a desigrescribed by Leakest al., (1990).
The wooden frame was three meters long, one matte and one metre high with a
sloping cover (Fig. 30b). The construction was gaintogether by nails and enclosed in a
single sheet of polyethylene. The base of the matme was completely water tight and
the lid was airtight (Fig. 32b). The bamboo stiak fwatering was installed. As the
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drainage, stones (Fig. 31a,b), gravel, and coanrse §-ig. 31c) were used (see Tab. 1).

Tab. 1. Material for the construction of one pohlppagator used in the experiments.

Material Quantity Unit
Wood (250 x 25 mm) 8 m
Wood (50 x 50 mm) 10 m
Wood (50 x 25 mm) 32 m
Polyethylene sheeting (2 m wide) 10 m
Stones (30-120 mm) 0.5 m3
Gravel (5-10 mm) 0.25 m3
Coarse sand 0.25 m3
Rooting medium 0.5 m3
Nails 1 kg
Drawing pins 0.5 kg
Hinges 4 pieces
Screws 0.5 kg

Fig. 31. (a) (b) Stones, (c) Gravel, and coarsd;s@h) Fine sand rooting medium.
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As the rooting medium (propagating substrate) tevfine sand (0,1-0,2 mm) was
used (Fig. 31d). The drainage material and rootrgglium was througly washed before
use. In addition, the rooting medium was steriggafor two hours in hot steam in enclosed
iron barrel (Fig. 32a). The water level inside tiaerel was under the grate, so that the sand
after the sterilization wasn’t wet. The polyethgesheeting at the base of the propagator
was carefully filled in by a thin layer of sandpmotect it. The drainage consisted of a thick
layer (10-15 cm) of large stones, covered by sgigedayers of small stones and gravel
adding up to a total depth of 20 cm. The spacewd®t stones and gravel were further
filled with water. The level where the drainagedawas fully saturated was marked at the
bamboo stick. The rooting medium was slicked dowrsimoothing trowel (Fig. 32c). The

holes were made in the rooting media accordingeitperimental design to a depth of 15-
25 mm (Fig. 32d).

Fig. 32. (a) Sterilization of the rooting mediurh) Subirigated non-mist polypropagator,
(c) The preparated rooting medium, and (d) Makialgs in the rooting medium.
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4.3 Plant material source and cuttings preparation

The cuttings ofC. Spruceanunwere taken from 15 ten months old seedlings (100-
120 cm tall), and o&. amarafrom 30 one year old ortets (150-180 cm tall). Ehdenor
trees were grown in the nursery near the propagatiea. The seedlings were from open-
polinated family. Proper physiological conditionsdaabsence of pests and deseases of the
ortets were considered. Only vigorous and healtbgst were selected. The material were
taken from the same branch position at the ortetsarly morning and transported to the
propagation area in moistured polystyrene boxes @3a). The cuttings were separated by
sterile garden scissors (Fig. 33b). The parametfeshe cuttings were single node,
semihardwood one-leaf stem cutting@fspruceanunand many node semihardwood one-
leaf stem cutting o6 amaraAt the petiole of compound leaf 8f amarawere left one to
four basal leaflets. After that the leaf of eacbgagule of both species was trimmed to
suitable size of 50 cm?. The cuttings were theected to be as uniform as possible (Fig.
34a,b). Vigorosity, lignification level, and stenmchetre was considered. Length of the
cutting of C. spruceanumvas 7 cm, diameter ranged between 2-4 mm. Lerfgtiecstem
part of S. amarawithout the petiole was 3 cm, diameter ranged betw1-1.5 cm
(measured at the central part). All the cuttingseseeated for 15 minutes in a solution of

fungicideCuprauvit.

Fig. 33.C. spruceanunga) Collected plant material in polystyrene box@3,Dividing the
plant material into cutttings.
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Fig. 34. (a,b) Selection of the cuttings@fspruceanum.

4.4 Experimental design

Both experiments were established in randomisedki| where cuttings of both
species were randomly divided into 5 groups of aflimgs with 3 replications to give a
total of 150 cuttings (10 cuttings 5 treatments x 3 replicates) Gfspruceanunand 150
cuttings (10 cuttings % treatments x 3 replicates) 8f amara The stem base of each
cutting from each group was treated by one of tbehal solutionsL000, 2000, 400(and
5000ppm of IBA (Fig. 37a), except the control grouphaitit any IBA treatment. The time
of each treatment took 3 secs. Treated basal ehdsaah stem cutting were air dried
briefly for 5 min before carefull insertation tadapth of 15-25 mm (Fig. 37b,c). The sand
around each propagule was slightly firmed (Fig.,8)cand the cuttings were sprayed
before each closing of the lid. The distributiofsh® treatments of each species are shown
in (Fig. 35, and 36).

T1.4(4000 ppm)

T12(1000 ppm)

T1.3(2000 ppm)

T15(5000 ppm)

T,.1(control)

T,.4 (4000 ppm)

T,5 (5000 ppm)

T, (1000 ppm)

T,.3(2000 ppm)

T,.1(control)

T3.3(2000 ppm)

T3.4(4000 ppm)

Ta.s(control)

T35 (5000 ppm)

T32(1000 ppm)

Fig. 35. IBA hormonal treatment distribution ©f spruceanum

T1.2(1000 ppm)

T1.1(control)

T1.3(2000 ppm)

T1.5(5000 ppm)

T1.5(4000 ppm)

T, 1(control)

T,5(5000 ppm)

T,.2(1000 ppm)

T,.3 (4000 ppm)

T,.3(2000 ppm)

T3.3(2000 ppm)

T3.4(4000 ppm)

T3.4(5000 ppm)

T35(1000 ppm)

T3.1 (control)

Fig. 36. IBA hormonal treatment distribution f amara.
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Fig. 37.C. spruceanunfa) IBA alcohol solution treatment of the cuttings) Instalation of

the cuttings, (c) Cuttings at the beginning ofélxperiment, (d) Detail of the cutting.

4.5 Experimental conditions

Relative humidity (RH) and temperature (°C) datanditions inside the
polypropagator were collected through simple USBgerature and moist datalogger (Fig.
38). The experiments were done at relatively hatsse (August). The mean relative
humidity inside the propagator was maintained a#®&nd maximum and minimum day-
night temperature ranged between 37,7 °C and 21,6e8pectively with mean value of
27.95 °C.

Whenever the propagator was opened for observdtimn jet of water spray was
applied to raise the relative humidity inside thepagator. The water level inside the
propagator was checked and maintained at that mhanke¢he bamboo stick.

The propagator was kept under polyethylene shatte¢td avoid excessive heat

accumulation. The first week of propagation, thadgtloth was doubled.

- 46 -



AP

(© (%RH)
112.(4 |93.8
104.0 871
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56.0 | | 46.9
48.0| |40.2
40.0| 33.5
32.0 | 26.8
24.0| | 20.1
16.0| 1134
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0.0 0.0

10:30:28  13:54:28 17:14:28  20:34:28 23:54:28 03:14:28 06:34:28 00:50:28 13:14:28  16:34:28
08-12-2000 08-14-2009 08-16-2000 08-18-2009 08-20-2000 08-23-2000 08-25-2009 08-27-2009 08-20-2009 08-31-2009

FROM:08-12-2009 10:34:28 TO:09-02-2009 19:24:28

Temperature Relative Humidity

Fig. 38. Temperature and relative humidity insidee tpolypropagator during the

experiment.

4.6 Data collection and evaluation

Every week of the experiment, five cuttings weoatcoolled for the presence of
callus, root, or mortality. Final evaluation of hogéxperiments was made after 21 days
from the day of planting (Fig. 39a), when the midyoof the cuttings rooted. The sand was
removed from all propagules and their roots wershed (Fig. 39b), before the rooting
parametres were measured (Fig. 39d). The cuttirsgoeasidered as rooted if it has at least
one primary root more than 1 mm long (Fig. 39c)teDaas collected in terms rooting
parameters as total root length, length of the dshgoot, and number of roots and
callusses per cutting, percentage of rooting atidssang, mortality, leaf abscission, and
vigor. The vigor scale was determined as 1-bestryigrgood vigor, 3-bad vigor, and 4-

mortality of the propagule.
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Fig. 39.C. spruceanunfa) Cuttings at the end of the experiment, (b) Nifeg of the
cuttings, (c) Succesfuly rooted cutting, (d) Measoent of the rooting parametres.

4.7 Data analysis

The statistical analysis was done using StatS&tSTATISTICA 2010, version
9.0 computer software package. Because the noymabsumptions necessary for
parametric tests were not met, the non-parameisis wvere used for the analysis.

For the relationship of number and percentage aaitimg, calluss formation,
mortality, and leaf abscission with IBA concetrasp Pearson’s Chi-square test was
conducted. It tests the null hypothesis that thereno significant diference between
expected frequencies and observed frequencieobhgoparametres for IBA concetrations
among cuttings from all IBA concetrations, agaitisé alternative hypothesis that a
significant difference between these frequencidast&xat the a = 0.05 (95%) confidence
level.

The Kruskal-Wallis ANOVA (KW ANOVA) one-way analys of variance tests

were used to analyze these rooting parametres: eluaflioots, total root length, length of
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the longest root, number of calluses, and vigoe KNV ANOVA tests the null hypothesis
of no difference between five group medians, adains alternative hypothesihat a
significant difference exists between the medidriceaa = 0.05 (95%) confidence level.
Two sided tests for relative frequency and mudtipgsts were done to find out
relations between each group of IBA treatment ardsured rooting parametres.
The correlation matrix was used to find out catieh coefficients of the measured
rooting parametres.
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5 RESULTS AND DISCUSSION

5.1 The effect of IBA treatment on rooting parametres ¢ C.

spruceanum leafy stem cuttings

5.1.1The effect of IBA treatment on number of rooted cuting

In the case of number of rooted cutting, the hyplothesis of Pearson’s Chi Square
test was rejected in favor of the alternative. Témults indicate that there is a significant
difference in distribution of rooted cutting 6f spruceanumamong the five groups tested
(P <0.05).

The two sided test for relative frequency showet the number (and percentage)
of rooted cutting for treatment 2000 ppm of IBA wagnificantly higher (80 %), than for
control group without any IBA treatment and grouj®Q ppm of IBA (10 % and 43.3 %
respectively). Number of rooted cuttings for gromph treatment 4000 ppm of IBA was
significantly higher (70 % rooted), than for comtgnoup without any IBA treatment and
group 1000 ppm of IBA as well (10 % and 43.3 % eesipely). Number of roots per
cutting for treatment 5000 ppm of IBA was signifitly higher (66.6 % rooted), only than
for control group without any IBA treatment (10 %ttings rooted); P < 0.05). These
results are shown in Table2.

There is no significant difference in number obtexrl cutting between the group
treated with 5000 ppm of IBA and groups treatechwli®00, 2000, and 1000 ppm of IBA,
and also between the groups treated with 2000 prh800 ppm.

The cuttings treated with auxins usually root watlinigher percentage of cuttings
rooted (Leakey, 2004; Swaret al., 2003; Wiesman and Lavee, 1995). Tree species and
even clones can appear to respond differentlydividual and mixed applications of auxin
at differing concentrations, even when many othetdrs are constant (Leakey, 2004). The
study of vegetative propagation of coppice shobtS.spruceanunshowed 100 % rooting
success after 60 days. This research did not pemwe significant effect of growth
regulators on rooting success (Gatti, 2002). Thit £an be explained by very juvenile
material used in this research and different prapag conditions (greenhouse, mist
system).
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Tab. 2. Effect of IBA concenration treatment on fa@mand percentage of rooting, calluss
formation, mortality, and leaf abscission ©f spruceanunsemihardwood cuttings (day
21).

IBA No. of No. of No. of No. of cuttings
concentration rooted cuttings with  cuttings with with leaf

(ppm) No. cuttings n [%] lloa n [%] mortality n [%] abscission n [%]
Control 30 3 [10 18 [60] 11 [36.6] 15 [50F

1000 30 13 [433] 16 [53.3] 9 [307° 17 [56.6]

2000 30 24 [80] 24 [80) 314 10 [33.9]

4000 30 21[70 22 [73,6:%[ 6 [201° 20 [66.6]

5000 30 20 [6678] 20 [66. 7[23.3F 18 [60]

Total 150 81 [54] 100 [66.6] 36 [24] F3.3]

Means indicated by the same leter on the colummatestatistically different from each
other P < 0.05); (Two sided test for relative frequency).

5.1.2The effect of IBA treatment on number of cuttings vith callus

In the case of the number of cuttings with preseoicat least one callus, the null
hypothesis of Pearson’s Chi Square Test was rettegl. The results indicate that there is
no significant difference between the distributioh number of callused cutting of.
spruceanunamong five groups testeR ¢ 0.05).

The two sided test for relative frequency showet the number (and percentage)
of cuttings with presence of callus for treatme®®@ ppm of IBA was significantly higher
(80 %), than for control group without any IBA tteeent and group treated with 1000 ppm
of IBA (60 % and 53.3 % respectivelyp € 0.05). These results are shown in Table 2.

There is no significant difference in number oflised cutting between all the
other groups tested.

5.1.3The effect of IBA treatment on number of cuttings vith mortality

and on number of cuttings with leaf abscission

In the case of the number of cuttings with matyalthe null hypothesis of
Pearson’s Chi Square Test was not rejected. Th#g@sdicate that there is no significant
difference between the distribution of death cggifC. spruceanunamong five groups
tested P > 0.05).

The two sided test for relative frequency showet the number (and percentage)
of death cuttings for treatment 2000 ppm of IBA vgamificantly lower (10 %), than for

-51 -



control group without any IBA treatment (36.6 %9;< 0.05). These results are shown in
Table 2.

There is no significant difference in number ofthecuttings cutting between all
the other groups tested.

In the case of the number of cuttings with lea$cdsion, the null hypothesis of
Pearson’s Chi Square Test was not rejected. Thi#g@sdicate that there is no significant
difference between the distribution of number ofttiogs with leaf abscission of.
spruceanunamong five groups testeR ¢ 0.05).

The two sided test for relative frequency showet the number (and percentage)
of cuttings with leaf abscission for treatment 2GfjEim of IBA was significantly lower
(33.3 %), than for groups treated with 1000, 4G0@ 5000 ppm of IBA (56.6 %, 66.6 %,
and 60 % respectively)P(< 0.05). These results are shown in Table 2.

There is no significant difference in number ofthecuttings cutting between all
the other groups tested.

5.1.4The effect of IBA treatment on number of roots, toal root length,

and length of the longest root per cutting

In the case of number of roots per cutting, thik mgpothesis of KW ANOVA was
rejected in favor of the alternative. The resulidicate that there is a significant difference
in number of roots per cutting between the fiveugo tested. There are at least two
statistically different groups of IBA treatment € 0.05) in relation to number of roots per
cutting of C. spruceanumThe biggest value of mean number of roots peingui.13)
was recorded at group treated with 2000 ppm, falbuwy group treated with 4000 ppm
and 5000 ppm (3.70 and 3.46 respectively); (Tabi@;40).

The multiple test showed that number of rootsquating for treatment 2000 ppm
of IBA was significantly higher than for controlaup without any IBA treatment, and for
group treated with 1000 ppm of IBA. Number of rop&s cutting for groups treated with
4000, and 5000 ppm of IBA was significantly highiean for control group without any
IBA treatment as well < 0.05). These results are shown in Table 3.

There is no significant difference in number o0bts per cutting between group
with treatment 1000 ppm of IBA and control grougheut any IBA treatment, between
group treated with 5000 ppm of IBA and groups &datith 1000, 2000, and 4000 ppm,
and between group treated with 2000 ppm of IBA @nedgroup treated with 4000 ppm of
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IBA.

Thus, although treatment 2000 ppm showed the masiber of roots per cutting
gain it was not a significantly greater than th@ltmumber of roots per cutting gain for
groups treated with 4000, and 5000 ppm of IBA sotut

Tab. 3. Effect of IBA concenration treatment on ta@mof roots, total root length, length
of the longest root, number of calluses, and va@dE. spruceanursemihardwood cuttings
(day 21).

IBA No. of roots/ Total ioo Length of No. of Vigor
concentration cutting length (cmjhe longest calluses/  (1-best-4ttea
(ppm) No. root (cm) cutting

Control 30 0.23+0.315 0.10+0.08 0.03+0.05 1.30+0.23 2.93+0.1%
1000 30 1.36+031 236+0.7% 1.15+0.3¥5 1.30+0.25 2.66+0.2%
2000 30 4.13+0%411.84+253 3.01+0.47 1.73+0.23 1.93+0.19
4000 30 3.70+0%86 9.97+22¥ 240+03% 1.86+0.29 2.33+0.2%
5000 30 3.46+0%0 7.99+%  194+0.38 1.63+0.30 2.46+0.1%
Total 150 2.58+0.27 6.458®. 1.71+0.17 156+0.11 2.44+0.09

Means indicated by the same leter on the colummarestatistically different from each
other atP < 0.05 (KW ANOVA).

Root number

1
0 % B
o Mean No. of roots per cutting

0 1000 2000 4000 5000 D Standard error
IBA (ppm) | Standard deviation

Fig. 40. Mean No. of roots per cutting®©f spruceanurfeafy stem cuttings.
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In the case of total root length per cutting, tlodl hypothesis of KW ANOVA was
rejected in favor of the alternative as well. Tlesults indicate that there is a significant
difference in total root length between the fiveoups tested. There are at least two
statistically different groups of IBA treatmeni< 0.05) in relation to the total root length
of C. spruceanumrlhe biggest value of mean total root length petirogit(11.84 cm) was
recorded at group treated with 2000 ppm, followgdyloup treated with 4000 ppm and
5000 ppm (9.97 cm and 7.99 cm respectively); (Balbig. 41).

The multiple test showed that total root lengthdmup with treatment 2000 ppm
of IBA was significantly higher than for controlayp without any IBA treatment, and for
group treated with 1000 ppm of IBA. Total root l&émdor groups treated with 4000, and
5000 ppm of IBA was significantly higher than foontrol group without any IBA
treatment as welR < 0.05).

There is no significant difference in total roehgth between group with treatment
1000 ppm of IBA and control group without any IBAeatment, between group treated
with 5000 ppm of IBA and groups treated with 102000, and 4000 ppm, and between
group treated with 2000 ppm of IBA and the grogated with 4000 ppm of IBA.

Although treatment 2000 ppm showed the most taiat length, it was not a
significantly greater than the total total rootdémfor groups treated with 4000, and 5000
ppm of IBA solution.

In the case of length of the longest root perirgitthe null hypothesis of KW
ANOVA was rejected in favor of the alternative asliwThe results indicate that there is a
significant difference in length of the longest rbetween the five groups tested. There are
at least two statistically different groups of IBatmentsR < 0.05) in relation to length
of the longest root of. spruceanumrhe biggest value of mean length of the longest roo
per cutting (3.01 cm) was recorded at group treatgd 2000 ppm, followed by group
treated with 4000 ppm and 5000 ppm (2.40 cm andl d®respectively); (Tab. 3).

The multiple test showed that length of the longest for groups treated with
2000, 4000, and 5000 ppm of IBA was significantighter than for control group without
any IBA treatment. Length of the longest root faogp treated with 2000 ppm of IBA was
also significantly higher than for control groupgted with 1000 ppm of IBAX< 0.05).

There is no significant difference in length o tlongest root between all the other
groups.

These results conform to that of number of ro@s qutting and total root length:
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Thus, although treatment 2000 ppm showed the biggegth of the longest root per
cutting, it was not a significantly greater thae tength of the longest root per cutting for
groups treated with 1000. 4000, and 5000 ppm of $Bltion.

Rooting ability ofC. spruceanumvas sensitive to the IBA application. One study
of IBA effects on the length of the main root®@f spruceanuncuttings was done in Brazil
(Gatti, 2002). The effect after 20 days of thistiog experiment using juvenile coppice
shoots cuttings in greengouse conditions was vienjlas with best value of the longest
root at the concentration 2000 ppm as well. At tay 60 of this experiment, the
concentrations 1000, 2000, and 3000 ppm of IBA ay similar effect on main root
length, while untreated cuttings had the main shightly shorter (Gatti, 2002). There are
many other species where the cuttings treated IBifh produce more roots as well as
longer roots than untreated cuttings. Nfilicia excelsathe mean number of roots per

cutting was higher when the cuttings were treat#ld IBA (Ofori et al.,1996).

30

25

20+

15+

10 + O

Total root lenght (cm)

-5 ‘ ‘ ‘ ‘ 0 Mean total root length
0 1000 2000 4000 5000 [ Standard error

IBA (ppm) | Standard deviation
Fig. 41. Mean total root length per cutting@fspruceanunteafy stem cuttings.
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5.1.5The effect of IBA treatment on number of calluses @r cutting

The null hypothesis of KW ANOVA is in this caselida The results indicate that
there is no significant difference in number oflesés per cutting between the five groups
tested. There are not at least two statisticaffgidint groups of IBA treatment® ¢ 0.05)
in relation to the number of calluses per cuttimbe biggest value of mean number of
callusses per cutting (1.86) was recorded at grtoegted with 4000 ppm, followed by
group treated with 2000 ppm and 5000 ppm (1.731a68 respectively); These results are
shown in Table 3.

5.1.6The effect of IBA treatment on vigor of the cuttings

The null hypothesis of KW ANOVA was rejected irvda of the alternative. The
results indicate that there is a significant défece in vigor between the five groups tested.
There are at least two statistically different grewf IBA treatmentsR < 0.05) in relation
to the vigor ofC. spruceanumThe best value of mean vigor per cutting (1.93) was
recorded at group treated with 2000 ppm, followgdyloup treated with 5000 ppm and
4000 ppm (2.44 and 2.33 cm respectively); Thesdtseare shown in Table 3.

The multiple test showed that vigor for treatmet@00 ppm of IBA was
significantly higher than for control group withcary IBA treatment® < 0.05).

There is no significant difference in vigor betweall other groups of IBA
treatment.

Although treatment 2000 ppm showed the most vigaim, it was not a
significantly greater than the total vigor gain @youps treated with 1000, 4000, and 5000
ppm of IBA solution.

5.1.7Correlations between rooting parametres

The biggest correlation coeficient showed numbepofs with total root length per
cutting (0.88), followed by length of the longesbt with total root length per cutting
(0.86), length of the longest rooot with numberrobts per cutting (0.79), vigor with
mortality (0.78), and number of callusses per ngttvith cuttings with callus (Tab. 4).
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Tab. 4. Correlation matrix of rog@iparametres . spruceanursemihardwood cuttings
(day 21).

r>=| -0,80  -0,60

IBA Number|Longest| Total |Cuttings| No. of Leaf Rooted | Mortality | Vigor
Treatment | of roots| root root | with |callusses |abscission |cuttings
length [lenght| callus

Variable
IBA Treatment 0,29 0,36
Neaedeecll 035 100 o079 088 033

RICECHRMEN) 080 o079 100 086|036 020 | o73] 044

Total root lenght

Cuttings with callus 048] -060

No. of callusses 0,32 -044

Leaf abscission
Rooted cuttings
Mortality | -043] 044 | _-060l -044] 043 -058 1,00[ 0,78

Vigor

5.2 Rooting experiment ofSimarouba amara

Simarouba amargresented (98.5 %) mortality of both, treated amtraated
cuttings, and did not present any callussing, oting success. All the leaflets were shed
after first week of the experiment, and the mayowtf the propagules started to be
succetible to rot after second week of the expemme&he statistical analysis was not
proceeded due tu high amounts of measured zeresallnese results are similar to that
from Costa Rica (Garcia-Villaman, 1974; Zanoni-Miéuodu, 1975), which wasn’t
internationally published. There are no more res@igout the vegetative propagatiorsof
amara. The results suggests th& amarais difficult to root species with the plant
material, or type of cutting used in this experitmdie specific leaf arranggement of this
species does not offer good quality semihardwoottinggs. According to (Longman,
1993), long cuttings usually root best and the memaded length of the cuttings 2.5-12 cm,
with a stem diameter at the base of about 4-8 nima.plant material used in present study
allowed maximum possible longitude of the cuttidgem, and the minimum diametre of
one centimetre. It is probable, that these paraseif propagules are not suitable for this
species. The reccomendation is to use of younigi@ner, and more vigorous and juvenile
plant material, €.g.from coppice shoots) for the future study of vatjeé propagation of

S. amara.
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6 CONCLUSION

The present study has revealed that the rootingyalas well as other rooting
parametres o€alycophyllum spruceanumvas higher with application dhdole-3-butyric
acid, thus this species is sensitii@ aplication of this auxin. The best concentratfon
successive vegetative propagation of juvenile lesa§m semihardwood cuttings of this
species was 2000 ppm of IBA. The great advantagki®tree is ability of sprouting from
stumps and therefore the juvenile shoots can lieadifor the vegetative propagation, as
well as the plant material detached from young lsagsiby prunning.

In the case oBSimarouba amarathe future study of vegetative propagation and
rooting behavior of this species is needed. Tkegs tran sprout thin shoots from the stumps
as well (personal observation), and this juvenienp material could serve as a good
source of succesfully rooting cuttings.

Vegetative propagation of these two species mdyae the rotation time period,
which is interesting especially for the farmerghie Amazon Basin. The mass propagation
of one or few genotypes at one place is not recdeginbecause of the risk of genetic
diversity decrease. Both species has relativelydgoability and germination rates of the
seeds, and vegetative propagation by leafy stetingstmay serve as alternative to sexual
propagation of these useful agroforestry species.

-58 -



REFERENCES

Almeida MC (2004) Pau-mulato-da-varze&alycophyllum spruceanym In: Informativo
Technico Rede de Sementes da Amazdioet. Universidade Federal do Acre (UFAC),
CEP, Brazil. ISSN: 1679-6500 (print version). ISSN879-8058 (electronic version).
Available online:http://rsa.ufam.edu.br:8080/sementes/especiestmfi/ddf Access date
[2010-04-06].

Aublet F (1775) Histoire des plantes de la Guianen€oise Vol.2, pp.331-332:860. Available
online: http://www.biodiversitylibrary.org/item/13826#2%% cess date [2010-04-06].
Burley J, Evans J, and Youngquist JA (eds) (200és$ary. In:Encyclopedia of Forest Sciences.
pp.1873-1928:2400. Elsevier, Oxford/Academic Préss)don, UK. First edition, Four

volume set. ISBN-10: 0-12-145160-7. ISBN-13: 97820145160-8.

Couturier G, and Gonzales JT (1994) Insectos piiaga “Capirona”Calycophyllum spruceanum
Benth. (Rubiaceae) en sistema agroforestalRkvista Peruana de Entomologhol.37,
pp.97-99. Lima, Peru. ISSN: 0080-2425. Available  liren
http://horizon.documentation.ird.fr/exl-doc/pleitsxtes/pleins_textes 6/b_fdi_43-
44/010004016.pdAccess date [2010-04-06].

Croat TB (1978)lora of Barro Colorado Islandpp.943. Stanford University Press (SUP), Palo
Alto, California, USA, ISBN-10: 0-8047-0950-5. ISBMB: 978-0-8047-0950-7. Available
online:
http://books.google.cz/books?id=Whc_ahfhFFoC&Ipg4P8&ots=VmuPyXOpOy&dqg=
Croat%201978%20Flora%200f%20Barro%20Colorado%20di8te? 0 Stanford%20Univer
sity%20California%20%22Flora%200f%20Barro%20Col@¥#@0Island%20%22&pg=P
A239#v=0onepage&q&f=falsdccess date [2010-04-06].

Cronquist A (1944) Studies in the Simaroubaceaéfile genus Simarouba. IBulletin of the
Torrey Botanical Club.Vol.71, No.3, pp.226-234. Torrey Botanical Socigf/BS),
Lawrence, USA. ISSN: 0040-9618. Available onlirtgtp://www.jstor.org/pss/2481702
Access date [2010-04-06].

De Jong W (2001) Tree and forest management irfltloelplains of the Peruvian Amazon. In:
Forest Ecology and Managemeibl.150, Issuel-2, pp.125-134. Elsevier Scientifidb.
Co, Amsterdam, Nederlands. ISSN: 0378-1127.

Denevan WM, and Padoch Ch (eds). (1988) Swiddelmkahgroforestry in the Peruvian

Amazon. In:Advances in Economic Botany Serigsl.5, pp.107. New York Botanical

-59 -



Garden, New York, USA. ISBN-10: 0-89327-325-2. ISBBt 978-0-89327-325-5. ISSN:
0741-8280.

Diaz GJ (2001) Efecto de cuatro tipos de sustnatia @erminacion de tres especies forestales de
bosques secundarios en el &mbito del Proyecto Madek. In:Revista Forestal del Peru.
\Vol.24, Issuel-2, pp.31-43. Facultad de Cienciasgtales, Universidad Nacional Agraria
La Molina (UNALM), Lima, Peru.. ISSN: 0556-6592.

Diaz GJC (2009Promotion of natural regeneration to establish puotive managed forests on
fallow land near Pucallpa in the Peruvian Amaz&hD.Thesis, Faculty of Forest and
Environmental Sciences, Albert Ludwigs Univers{ftU), Freiburg, Germany. Available
online: http://www.freidok.uni-
freiburg.de/volltexte/6222/pdf/DIAZ_Diss_Peru_Amazodf Access date [2010-04-06].

Dick JMcP, Zuniga G, Cornelius JP, and Watt AD @P9%enetic variation in the number of

cuttings harvestable and rooted from Vochysia goatensis coppiced shoots. IRorest
Ecology and Management. Vol.111, Issues2-3, pp.225-23Cvids Scientific Pub. Co,
Amsterdam, Nederlands. ISSN: 0378-1127.

Escalante AF (1993egeneracion vegetativa inducida de Calycophyllpmeeanum (Benth.) K.
Schum (Capirona)p.55. M.Sc.Thesis, Universidad Nacional del Ged#l Pert (UNCP),
Facultad de Ingenieria Forestal, Huancayo, TousteviPeru.

Fortanier EJ, and Jonkers H (1976) Juvenility aratunity of plants as influenced by their
ontogenetical and physiological ageing. In: ZimmannRH (ed):Symposium on juvenility
in woody perrenials: Conference Proceedinby®.56, pp.37-43:317. International Society
for Horticultural science (ISHS), Acta HorticulteraCollege Park, USA/Berlin, Germany..
ISSN: 0567-7572.

Franceschinelli EV, Yamamoto K, and Shepherd G3§)®istinctions among Thre®imarouba
Species. In:Systematic Botanyol.23, No.4 pp.479-488. American Society of Plant
Taxonomists (ASPT), University of Wyoming (UW), Depment of Botany, Laramie,
USA. ISSN: 0363-6445 (print version). ISSN: 154&23electronic version). Available
online: http://www.jstor.org/stable/241937ccess date [2010-04-06].

Garcia-Villaman VJ (1974knraizado de estacas, de seis especies forestaladres niveles de
acido indolbutirico pp.40. M.Sc.Thesis, Instituto InteroamericanoGlencias Agricolas
de la Oea (IICA), Centro Tropical de la Ensefianhavestigacion (CTEI), Departamento
de Ciencias Forestales, Turrialba, Costa Rica. |abts online:
http://orton.catie.ac.cr/repdoc/A2779E/A2779E.PA€ess date [2010-04-06].

Gatti KK (2002) Propagacéo vegetativa de Pau mulato (Calycophylfjomuceanum (Benth) K.

Schum), Jequitiba (Cariniana estrelensis (RaddihtiXea) e Teca (Tectona grandis Linn. f.)

-60 -



por miniestaquia.pp.72. PhD.Thesis, (Dissertacdo). Universidade rfaédee Vigosa
(URV), Vigosa, Brazil/Coordenacdo de Aperfeicoamede Pessoal de Nivel Superior
(CAPES). Available online:
http://www.tede.ufv.br/tedesimplificado/tde busecglavo.php?codArquivo=911 Access
date [2010-04-06].

Gérard J, Beauchéne J, Fouquet D, Guibal D, LangBotihévenon MF, Thibaut A, Vernay M,
and Daigremont C (2008)ROPIX 6.0: caractéristiqgues technologiques de d&ences
tropicales et tempérées. Programme Bois de CergreCdopération Internationale en
Recherche Agronomique (CIRADPour le Développement, Département Foréts.
Montpellier, France. [CD ROM]. ISBN-10: 2-87614-681ISBN-13: 978-2-87614-661-7.
Available online:http://tropix.cirad.frlame/MARUPA.pdAccess date [2010-04-06].

Gomes FM, Chagas MP, and Sette jrCR (2006) Caizatgo da estrutura anatdmica do lenho de
arvores deCalycophyllum spruceanuBenth. In:Anais do 14 Simpoésio Internacional de
Iniciacao Cientifica da USP (SIICUSP), 2008niversidade de Séao Paulo (USP), Escola
Superior de Agricultura Luiz de Queiroz (ESALQ),oS®aulo, Brazil, [CD ROM].
Available online: http://www.usp.br/siicusp/Resumos/14Siicusp/4190.@#tcess date
[2010-04-06].

Gutiérrez V, and Silva J (2002x@formacion Técnica para el Procesamiento Industda 134
Especies Maderables de Bolivia [Technical Informatfor Industrial Processing of 134
Bolivian Wood Speciespp.21-30:372. Ministerio de Desarrollo SostenipRlanificacion
(MDSP)/Instituto Brasileiro do Meio Ambiente e d&®cursos Naturais Renovaveis
(IBAMA)/Laboratorio de Productos Forestales (LPIBB and Agriculture Organization
(FAO): Proyecto de Apoyo a la Coordinacion e Impatacion del Plan de Accién
Forestal para Bolivia (PAF-BOL): (No. FAO-GCP/BORBINET), Serie Técnica Xl.
LaPaz, Bolivia. Available online:
http://www.cifsantacruz.com/Pages/Servicios/pgRsasuaspx?id=322Access date [2010-
04-06].

Hartmann HT, Kester DE (198®lant Propagation: Principles and Practicepp.727. Prentice-
Hall, Inc., Englewood Cliffs, New Jersey, USA. 4¢kdition. ISBN-10: 0-13-681007-1.
ISBN-13: 978-0-13-681007-0.

Hartmann HT, Kester DE, Davies JrFT, and GenevéIRB7)Plant Propagation: Principles and
Practices. pp.239-391:770. Prentice-Hall, London, UK. 6th tiedi. ISBN-10: 0-13-
206103-1. ISBN-13: 978-0-13-206103-2.

Hoad SP, and Leakey RRB (1994) Effects of lightli(piaon gas exchange and dry matter
partitioning in Eucalyptus grandisW. Hill ex Maiden. In: Forest Ecology and

-61 -



Management Vol.70, issuesl1-3, pp.265-273. Elsevier Sciemtfiub. Co, Amsterdam,
Nederlands. ISSN: 0378-1127.

Hoad SP, and Leakey RRB (1996) Effects of pre-ssa® light quality on the vegetative
propagation oEucalyptus grandisV. Hill ex Maiden: cutting morphology, gas exchange
and carbohydrate status during rooting. Tnees. Vol.10, No.5, pp.317-324. Springer,
Berlin/Heidelberg, Germany. ISSN: 093890 (print version). ISSN: 1432-2285
(electronic version).

Chudnoff M (1980) Tropical Timbers of the Worldpp.826. United States Department of
Agriculture (USDA) Forest Service (FS), Forest Rid Laboratory (FPL), Madison,
USA.

Janzen D, and Hogue CL (1983)Igora laternaria(Machaca, Peanut-headed bug, Lantern fly).
In: Janzen DH (ed)Costa Rican Natural HistoryXi, pp.726-727:823. University of
Chicago Press (UChP), Chicago, USA. ISBN-10: 0-22834-8. ISBN-13: 978-0-226-
39334-6.

Labarta RA, White DS, and Swinton SM (2007) Doesrcbal production slow agricultural
expansion into the Peruvian Amazon rainforest?Narld development/l.36, Issue3, pp
527-540. Elsevier Ltd, Quebec, Canada.. ISSN: (/3IbX.

Leakey RRB (1987) Clonal forestry in the tropicsrewiew of developments, strategies and
opportunities. In: Rogers MT (edyhe Commonwealth Forestry Revievol.66, No.206,
pp.61-75. The Commonwealth Forestry AssociationABocardo press, Oxford, UK.
ISSN: 0010-3381. Available online:
http://www.bodley.ox.ac.uk/users/millsr/isbes/ODCFR66.pdfAccess date [2010-04-06].

Leakey RRB (1990) The domestication of tropicakftrtrees: a strategy for increased production

and for conservation. In: Werner D, and Miiller BsjeFast Growing Trees and Nitrogen
Fixing Trees.pp.396. Elsevier GMbH/Fischer Gustav Verlag GmbHC&., Stuttgart,
Germany. ISBN: 3-437-30623-5. ISBN-13: 978-3-43B638-5.

Leakey RRB (1992) Enhancement of rooting ability Tiiplochiton scleroxylonby injecting
stockplants with auxins. Irfzorest Ecology and Managemenbl.54, issuesl-4, pp.305-
313. Elsevier Scientific Pub. Co, Amsterdam, Neatads. ISSN: 0378-1127.

Leakey RRB (2004) Physiology of vegetative reprdiduc In: Burley J, Evans J, and Youngquist
JA (eds):Encyclopedia of Forest Sciencep.1655-1668:2400. Elsevier, Oxford/Academic
Press, London, UK. First edition, Four volume $8BN-10: 0-12-145160-7. ISBN-13:
978-0-12-145160-8.

Leakey RRB, and Mohammed HRS (1985) The effectstem length on root initiation in

sequential single-node cuttings ®fiplochiton scleroxylonK. Schum. In:Journal of

-62 -



Horticultural ScienceVol.60, pp.431-437. Headley/Ashford, UK. ISSN: Qar589.

Leakey RRB, and Storeton-West R (1992) The roddinitity of Triplochiton scleroxylortuttings:
the interaction between stockplant irradiance, tligality, and nutrients. InForest
Ecology and Management/ol.49, issuesl-2, pp.133-150. Elsevier Scientiigb. Co,
Amsterdam, Nederlands. ISSN: 0378-1127.

Leakey RRB, Chapman VR, and Longman KA (1982a) Plygical studies for tropical tree
improvement and conservation: some factors affgctimoot initiation in cuttings of
Triplochiton scleroxylorkK. Schum. In:Forest Ecology and ManagemeMol.4, Issuel,
pp.53-66. Elsevier Scientific Pub. Co, Amsterdaradétlands. ISSN: 0378-1127.

Leakey RRB, Last FT, and Longman KA (1982b) Donuadibn of tropical trees: an approach
securing future productivity and diversity in maadgcosystems. In: Rogers MT (etle
Commonwealth Forestry RevieWol.61, Issuel, No0.186, pp.33-42. The Commonvealt
Forestry Association (CFA)/Bocardo press, Oxford{.USSN: 0010-3381. Available
online: http://www.bodley.ox.ac.uk/users/millsr/isbes/ODCFR61.pdf Access date
[2010-04-06].

Leakey RRB, Mesén JF, Tchoundjeu Z, Longman KAKDikIcP, Newton AC, Matin A, Grace J,
Munro RC, and Muthoka PN (1990) Low-technology tegbes for the vegetative

propagation of tropical trees. IlRogers MT (ed):Commonwealth Forestry Review
Vol.69(1), pp.247-257. The Commonwealth Forestrydtsation (CFA)/Bocardo press,
Oxford, UK. ISSN: 0010-3381. Available online:
http://www.bodley.ox.ac.uk/users/millsr/isbes/ODCFR69.pdfAccess date [2010-04-06].
Lewandowski M, and Zurawicz E (2000) Shortening fineenile period in apple seedlings by

grafting on P22 dwarfing rootstock. ldournal of Fruit and Ornamental Plant Research.
\Vol.8, Issuel, pp.33-37. Research Institute of Hogyand Floriculture, Skierniewice,
Poland. ISSN: 1231-0948.

Libby WJ (1985) Potential of clonal forestry. Insuffa L, Rauter RM, and Yeatman CV (eds):
Clonal Forestry: its Impact on Tree Improvement amol Future Forests: Proceedings of
the 19th Meeting Canadian Tree Improvement AssooialNo.2, pp.1-11:235. Canadian
Forestry Service, Ottawa, Canada. ISBN-10: 0-6628133. ISBN-13: 978-0-662-13881-
5.

Libby WJ (2004) Propagation technology for foreses. In: Burley J, Evans J, and Youngquist JA
(eds): Encyclopedia of Forest Sciencesp.237-244:2400. Elsevier, Oxford/Academic
Press, London, UK. First edition, Four volume $88N-10: 0-12-145160-7. ISBN-13:
978-0-12-145160-8.

Linares C, Meneses E, and Diaz J (1992) Monograiare Capirona:Calycophyllum
spruceanumpp.32. Proyecto Forestal ITTO(OIMT) PD 37/88(l) i{ldacion industrial de

- 63 -



nuevas especies forestales en el Pert). Camararidh€iorestal (CNF), Direccion General

de Forestal y Fauna (DGFF), Lima, Peru. Third iewigdition.

Lindgren D (2002) Advantages of clonal propagatitm. Welander M, and Zhu LH (eds):
Proceedings of the Workshop on High Quality Bir€@ipnal Propagation and Wood
Properties, Ronneby, Sweden, August 27-28, 200198-109. Swedish University of
Agricultural Sciences (SLU), Alnarp, Sweden. ISBOt-P1-576-6250-9. ISBN-13: 978-
91-576-6250-7. Available online: http://www-
genfys.slu.se/staff/dagl/Meetings/Finland08/DagBiimceedingsMs0202.d@dxcess date
[2010-04-06].

Linkimer M, Muschler R, Benjamin T, and Harvey Q0(2) Arboles nativos para diversificar

cafetales en la zona Atlantica de Costa Rica [Matiges for the diversification of coffee
farms in the Atlantic zone of Costa Rica]. Agroforesteria en las Américagol.9(35-36),
pp.37-43. Centro Agrondémico Tropical de Investigacy Ensefianza (CATIE), Turrialba,
Costa Rica. ISSN: 1022-7482.

Longman KA (1993)Rooting Cuttings of Tropical Trees: Tropical Tred3ropagation and
Planting Manuals.Vol.1, pp.138. lllustrated by Wilson RHEEommonwealth Science
Council, London, UK. ISBN-10: 0-85092-394-8. ISBIS:1978-0-85092-394-0. Available
online: http://www.fao.org/DOCREP/006/AD231E/AD231E00.HTKccess date [2010-
04-06].

Loureiro A, and da Silva MF (196&atalogo das madeiras da Amazani@l.1, pp.433. Belén,
Brasil.

Ofori DA, Newton AC, Leakey RRB, and Grace J (19%€)yetative propagation of Milicia

excelsa by leafy stem cuttings: effects of auximosmtration, leaf area and rooting

medium. 84:39-48 InfForest Ecology and Managementol.84, Issuel-3, pp.39-48.
Elsevier Scientific Pub. Co, Amsterdam, Nederlah@SN: 0378-1127.

Ofori D, Newton AC, Leakey RRB, and Grace J (19¢&yetative propagation ddlilicia excelsa
by leafy stem cuttings: effects of maturation, dopm, cutting length and position on
rooting ability. In: Journal of Tropical Forest Scienc&/l.10(1), pp.115-129. Forest
Research Institute of Malaysia (FRIM), Kuala Lumpifalaysia. ISSN: 0128-1283.
Available online:
http://info.frim.gov.my/cfdocs/infocenter_applicati/jtfsonline/jtfs/v10n1/115-129.pdf
Access date [2010-04-06].

Ohba K (1993) Clonal forestry with SudCiyptomeria japonica In: Ahuja MR, and Libby WJ
(eds): Clonal Forestry: Conservation and Applicatiomol. 2, pp.66-90. Springer-Verlag,
Berlin and GmbH & Co. K, Heidelberg, Germany. ISBB- 3-540-55714-8. ISBN-13:

-64 -



978-3-540-55714-2.

Pinto AM, Ribeiro RJ, daCruz Alencar J, and Barb&Ba(2005) Fenologia d8imarouba amara
Aubl. na reserva florestal Adolpho Ducke, Manaugl. An: Acta Amazonicav/ol.35, No.3,
pp.347-352. Instituto Nacional de Pesquisas da Amaz(INPA), Manaus, Brazil. ISSN:
0044-5967. Available onlinénttp://www.scielo.br/pdf/aa/v35n3/v35n3a06.#dfcess date
[2010-04-06].

Potts BM (2004) Genetic improvement of Eucalipts Hncyclopedia of Forest Sciencep.1480-

1490:2400. Elsevier, Oxford/Academic Press, Londéig, First edition, Four volume set.
ISBN-10: 0-12-145160-7. ISBN-13: 978-0-12-145160-8.

Quattrocchi U (2000CRC World Dictionary of Plant Names: A-C: Commonmiéa, Scientific
Names, Eponyms, Synonyms, and EtymoWMuy, pp.411:1600. CRC Press, Boca Raton,
USA. First edition, Four volume set. ISBN-10: 0-84%673-7 (set). ISBN-13: 978-0-8493-
2673-8 (set). ISBN-10: 0-8493-2675-3 (Vol.1). ISBR:=978-0-8493-2675-2 (Vol.1).

Remington JP, Wood HC et al. (eds) (1918) Tispensatory of the United States of America
pp.79:1576. The Southwest School of Botanical Madi¢SSBM), Lippincott JB & Co,
Philadelphia, USA,, Twentieth Edition. Available lioe:
http://www.swsbm.com/Dispensatory/USD-1918-compjeteAccess date [2010-04-06].

Reynel C, Pennington RT, Pennington TD, Flores i@l Baza A (2003) Arboles dtiles de la

Amazonia Peruana. Idrboles tiles de la Amazonia Peruana y sus usosnanual con
apuntes de identificacion, ecologia y propagaciénlas especiegpp.45-47:509, 20 p. of
plates. Tarea Gréafica Educativa, Darwin InitiatRmject, International Centre for Reseach
in Agroforestry (ICRAF), Universidad Nacional AgiarLa Molina (UNALM), Lima,
Peru. ISBN-10: 9972-9733-1-X. ISBN-13: 978-9972-8334. Available online:
http://www.icraf-peru.org/docs/14 arbolesamazonuRpeif Access date [2010-04-06].

Sears RR (2003)lew forestry on the floodplain: The ecology and agament of Calycophyllum
spruceanum (Rubiaceae) on the Amazon landsdap@46 leaves, bound. PhD.Thesis,
Columbia University (CU), Department of Ecology,diition and Environmental Biology,
New York, USA.

Sotelo-Montes C, and Weber JC (1997) Priorizaci@ ebpecies arboéreas para sistemas
agroforestales en la selva baja del Peru.Algroforesteria en las Américasol.4(14),
pp.12-17. Centro Agrondmico Tropical de Investigacy Ensefianza (CATIE), Turrialba,
Costa-Rica. ISSN: 1022-7482.

Sotelo-Montes C, Hernandez RE, Beaulieu J, and W&Be(2008) Genetic variation in wood
color and its correlations with tree growth and daensity ofCalycophyllum spruceanum

at an early age in the Peruvian AmazonNew Forests\Vol.35, No.1, pp.57—-73. Springer,

- 65 -



Dordrecht, Nederlands. ISSN: 0169-4286 (print wersi ISSN: 1573-5095 (electronic

version).

Sotelo-Montes C, Weber JC, Vidaurre H, and Ric¢20®0) Variacion en rasgos de crecimiento y
madera entre procedencias@aycophyllum spruceanude la Amazonia Peruana. Ml
Congreso Nacional Forestal y 1ll Asamblea de Cdp#ule Ingenieria Forestal. Pucallpa,
Peru, 18-20 Oct 200(p.155:280.Conference/Workshop Papers. Colegiogienieros del
Pera (CIP), Lima/Universidad Nacional de UcayaliNW), Facultad de Ciencias

Forestales, Pucallpa, Peru.

Spichinger R, Meroz J, Loizeau PA, and de OrtegeizSt (1990)Contribucion a la flora de la
Amazonia peruana; los arboles del arboretum Jemdearera. Vol.2, pp.565. Cooperacion
Tecnica Suiza (COTESU), Conservatorio y Jardin BEots de Ginebra [Chambesy
Conservatoire et Jardin botaniques], Ginebra, gw#nd/Instituto de Investigaciones de la
Amazonia Peruana (lIIAP), Peru. ISBN-10: 2-8277-0058BN-13: 978-2-8277-0058-5.

Swamy SL, PurB, and Singh AK. (2003 ffect of auxins (IBA and NAA) and season on rogtin
of juvenile and mature hardwood cuttingsRafbinia pseudoacaciandGrewia optiva.In:
New ForestsVol.23, No.2, pp.143-157. Springer, Dordrechtdéiéands. ISSN: 0169-
4286 (print version). ISSN: 1573-5095 (electroracsion).

Taylor L (2005)The Healing Power of Rainforest Herbs: A Guide taderstanding and Using
Herbal Medicinals. pp.528. Square One Publishers, New York, USA. ri_gténting
edition. ISBN-10: 0-7570-0144-0. ISBN-13: 978-0-057144-4. Available online:
http://www.rain-tree.com/plants.htAccess date [2010-04-06].

Tchoundjeu Z, and Leakey RRB (1996) Vegetative agapion of African Mahogany: effects of
auxin node position, leaf area and cutting lengithNew Forests. Vol.11, No.2, pp.125-
136. Springer, Dordrecht, Nederlands. ISSN: 016864@rint version). ISSN: 1573-5095

(electronic version).

Tchoundjeu Z, and Leakey RRB (2000) Vegetative agapion of Khaya ivorensis(African
Mahogany): effects of stockplant flushing cyclexiauand leaf area on carbohydrate and
nutrient dynamics of cuttings. Irtournal of Tropical Forest Scienc¥®0l.12, pp.77-91.
Forest Research Institute of Malaysia (FRIM), Kualanpur, Malaysia. ISSN: 0128-1283.
Available online:
http://info.frim.gov.my/cfdocs/infocenter_applicatijtfsonline/jtfs/v12n1/77-91.pdf
Access date [2010-04-06].

Vargas AA, and Portocarrero MD (199Rjopagacion de espécies forestales nativas promaisor

en Jenaro Herrerapp.121. Instituto de Investigaciones de la Am&dteruana (lIAP),

Centro de Investigaciones de Jenaro Herrera (Cltiitos, Peru. Available online:

- 66 -



http://www.iiap.org.pe/publicaciones/CD/document@86.pdf Access date [2010-04-06].

von Martius CFP, Eichel AW, and Urban | (1889pra BrasiliensisVol.6, Part 6, Fasc.104, Plate
106. Available online:http://florabrasiliensis.cria.org.br/search?taxolr1i2836 Access
date [2010-04-06].

Webber J (2004) Physiology of sexual reproductiotrees. In: Burley J, Evans J, and Youngquist
JA (eds):Encyclopedia of Forest Scienceg.1639-1644:2400. Elsevier, Oxford/Academic
Press, London, UK. First edition, Four volume $88N-10: 0-12-145160-7. ISBN-13:
978-0-12-145160-8.

Weber JC, Labarta-Chavari R, Sotelo-Montes C, Br&iA, Cromwell E, Schreckenberg K, and
Simons AJ (1997) Farmers use and management ofiémreeplasm: case studies from the
Peruvian Amazon Basin. In: Simons AJ, Kindt R, &hace F (eds)Advance Proceedings
of an International Workshop on Policy AspectsreETGermplasm Demand and Supply, 6-
8 Oct. 1997.pp.57-63:139. International Centre for Researchgnoforestry (ICRAF),
Nairobi, Kenya.

Weber JC, Sotelo-Montes C, Vidaurre H, Dawson Id @&imons A (2002) Participatory
domestication of agroforestry trees: an exampléhef Peruvian Amazon. In: Franzel S,
Cooper P, Denning GL, and Eade D (ed3velopment and Agroforestry: scaling up the
impacts of research pp.196. International Centre for Reseach in Agnestry
(ICRAF)/Oxfam Publishing, Oxford, UK. Kumarian psgsEynsham, UK. ISBN-10: O-
85598-464-3. ISBN-13:  978-0-85598-464-9.  Availableonline:  https://idl-
bnc.idrc.ca/dspace/bitstream/123456789/26330/119.8tif Access date [2010-04-06].

Wiesman Z, and Jaenicke H (2002) Introduction tgetative tree propagation: concepts and
principles. In: Jaenicke H, and Beniest J (edgggetative Tree Propagation in
Agroforestry: Training Guidelines and Referencg®.148. International Centre for
Reseach in Agroforestry (ICRAF), Nairobi, KenyaBN-10: 92-9059-143-9. ISBN-13:
978-92-9059-143-6. Available online:
http://www.worldagroforestry.org/downloads/publicais/PDFs/b14043.pdfAccess date
[2010-04-06].

Wiesman Z, and Lavee S (1995) Enhancement of IBAusatory effect on rooting of olive
cultivar stem cuttings. InScientia Horticulturae.Vol.62, Issue3, pp.189-198. Elsevier
Scientific Pub. Co, Amsterdam, Nederland. ISSN:433R238.

Wightman KE, Cornelius JP, and Ugarte-Guerra LDG2QPlantemos madera!: manual sobre el
establecimiento, manejo y aprovechamiento de ptémas maderables para productores

de la Amazonia peruana/ol.4, pp.204. Technical Manual. International @enfor

- 67 -



Reseach in Agroforestry (ICRAF), Lima, Peru. ISB&I-D2-9059-200-1. ISBN-13: 978-
92-9059-200-6. Available onlinehttp://www.icraf-peru.org/docs/Plantemos_Madera.pdf
Access date [2010-04-06].

Woodville W, and Phillips J (1792Medical botany: containing systematic and general

descriptions, with plates, of all the medicinal s, indigenous and exotic, comprehended
in the catalogues of the materia medica, as pubtishy the Royal Colleges of Physicians
of London and Edinburgh: accompanied with a circtangal detail of their medicinal
effects, and of the diseases in which they hava besst successfully employadhl.2,
pp.76:578 (210 leaves of plates). lllustrated byw&by J (copper engravings). Available
online:
http://www.illustratedgarden.org/mobot/rarebookgipasp?relation=QK91C7431790V2&
identifier=0056Access date [2010-04-06].

Zanoni-Mendiburu CA (1975Propagacion vegetativa por estacas de ocho espdoiestales.

Zobel

pp.100. M.Sc.Thesis, Universidad de Costa Rica (JGR&n José, Costa Rica/Centro
Agronémico Tropical de Investigacidn y EnsefianzalT(E), Turrialba, Costa Rica.
Available online:
http://books.google.cz/books?id=SyYOAQAAIAAJ&Ipg=P&dIg=Propagaci%C3%B3n
%20vegetativa%20por%20estacas%20de%200cho%20esyiRfitorestales%20%22Prop
agaci%C3%B3n%20vegetativa%20por%20estacas%20deMa@despecies%20foresta
les%22&pg=PR1#v=0nepage&q&f=faldecess date [2010-04-06].

B, and Talbert J (1991) Vegetative propagatim: Applied Forest Tree Improvement.
pp.505. Waveland Press, Prospect Heights, USAssReiedition. ISBN-10: 0-88133-604-
1. ISBN-13: 978-0-88133-604-7.

Zuleta CLM, Cavalheiro AJ, Silva DHS, Furlan M, YauMCM, Albuquerque S, Castro-Gamboa

I, and da Silva Bolzani V (2003) Seco-iridoids fro@alycophyllum spruceanum
(Rubiaceae). InPhytochemistry\Vol.64, Issue2, pp.549-553. Elsevier Ltd. ISSN3DO
9422.

- 68 -



