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Abstract

Stem cuttings oHydrangea paniculata Sieb.,Rosa L. ‘Red Cascade'Salvia leucantha Cav, andSolenostemon scutellarioides (L.)
Codd‘Roseo’ were inserted into six rooting substrates: monolithic slag, sand, perlite, vermiculite, Fafard 3B, or fine pine bark. Rooting,
initial shoot growth, and ease of dislodging substrate particles from root systems upon bare-rooting by shaking and washing cuttings
rooted in monolithic slag were compared to cuttings rooted in the five other substrates. Rooting percentage, number of primary roots
per rooted cutting, and total root length per rooted cutting for cuttings rooted in monolithic slag were generally similar to the fiye other
substrates. Particles of monolithic slag were dislodged more readily from root systems by shaking than were the other substrates. Gentle
washing removed almost all particles of monolithic slag and sand from the root systems of all taxa and removed almost all particles of
pine bark from all taxa exceptscutellarioides‘Roseo’. Monolithic slag had a bulk density similar to sand, retained less water thah the
other substrates, and was similar to perlite, vermiculite, and pine bark in particle size distribution.

Index words: adventitious rooting, bare-rooting, industrial byproducts, vegetative propagation, waste products.

Taxa used in this study:'Red Cascadaniniature roseRosa L. ‘Red Cascade’); panicle hydrangétydrangea paniculata Sieb.);
Mexican bush sagé&dlvia leucantha Cav); ‘Roseo’coleus Solenostemon scutellarioides (L.) Codd ‘Roseo’).

Significance to the Nursery Industry coarse mineral (inganic) component. Mineral components

A variety of oganic and mineral components may be used (Perlité, vermiculite, shale, sand, pumice, polystyrene, or
as rooting substrates in cutting propagation provided they rockwool) are sometimes used alone as rooting substrates.

have adequate watbplding capacity maintain substrate Sele_ct|on of s_ubstrate_z components can be_ _based o water
aeration, are free of pests and pathogens, and are not phytoDOId'ng capacityaeration, cost, and availability (5). Grow- .
toxic. Composted ganic wastes and inganic byproducts mg_substrate may also be selected based upon the ease with
may serve as suitable substrate components in areas wher/Nich plants may be removed from the substrate as bareroot
such materials are available and inexpensive. For growersPlants for storage, planting, or shipping (8).
who produce rooted cuttings for export as bareroot plants or Bare-rooting of pIants_ can redupe shipping costs due to
prefer marketing and lower shipping costs of bareroot plants less v_velght and space In comparison to plants shlpped In
for sale on the domestic market, the ability to remove sub- containers and growing substrate, and is often requwe_d for
strate particles from root systems with a minimum of labor IMPOrt into the United @tes and export to other countries
may also be a desirable property of a substrate. (8). A typical requirement under the Unitetates Depart-
Monolithic slag, a fused cordierite [(Mg,F8),Si.0,] ment of Agriculture’s Animal and Plant Health Inspection

produced as a byproduct of smelting operations, has charac-Service regulations is that imported plant material be free of
teristics that can be suitable as a substrate for cutting propa-SOil to minimize the import of plant pests and pathogens (6).

gation in areas where it is locally available. Our research haSThishpractic_ehis pzrformed ﬁ_orrr]]monly using one to several

shown that rooting of stem cuttings of selected taxa in mono- WaS |n%ShW|_t moberate to hig l-prefSﬁure vc\j/zi;ter sdpra_ys tore-
lithic slag is comparable to results obtained with other sub- MOVe adnering substrate particles, followed by a drying pro-

strate components. Particles of monolithic slag can be dis- €€SS- Bare-rooting can be facilitated by selection of substrate
lodged readily from root systems, without the need for ex- components that are removed readily from the root systems.
tensive washing with pressurized watehen rooted cut- A commercial, kiln-fired calcined clay ceramic aggregate has

tings must be shipped in a soil-free form. Monolithic slag is °€€n used &ictively for this purpose; reuse of the material

comparable to sand in weight and comparable to coarse perwacS suggestgd due to its Coit (8).b wated and found
lite and vermiculite in particle size distribution, but has a omposted ganic wastes have been evaluated and foun

lower waterholding capacity than these conventional sub- Suitable as substrates for rooting cuttings (2, 4).gawic
strate components. wastes and byproducts, including various forms of slag, have

also been used successfully as substrate components for plant
propagation and production (1, 3). Results of trials conducted
) , , . by Dr. KenTilt at Auburn University (unpublished) have in-
Substrates for propagating plants by cuttings typically in- gjicated that monolithic slag can be incorporated into grow-
clude both an granic component (peat, bark, or coir) and a jng substrates for containgrown plants, and suggest that
the material might also be suitable for cutting propagation.
Monolithic slag is a product of smelting operations and is
Received for publication July 13, 2004; in revised form January 13, 2005. sold as a byproduct for use as an aggregate for fill lines, drain-
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Intr oduction

’Researcissistant. age lines, and driveways. Composed of fused cordierite
*Alumni Associate Professor [(Mg,Fe)Al, SiO, ], the material is black in colpodorless,
“Professar and nonhazardous (7). Personal protective equipment speci-
SAssociate Professobepartment of Mathematics anthfstics. fied for general handling of monolithic slag includes work
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gloves, safety glasses, and a dust respir@mst of the ma-
terial is similar to that of sand [Craig Millevliller Sand and

cuttings ofS. leucantha were prepared as 5 cm (2 in) long,
two-node subterminal cuttings with 2.5 cm (1 in) of stem
Landscape SupphpeArmanville AL (personal communi- below the basal node, inserted into rooting substrates, and
cation,April 30, 2004)].Therefore, the objectives of the fol-  harvested after 19 days. Herbaceous stem cuttings of
lowing research were to compare adventitious rooting and scutellarioides‘'Roseo’ were prepared as 9 cm (3.5 in) long,
initial shoot growth response of stem cuttings of four orna- terminal cuttings with leaves removed from the basal node,
mental taxa rooted in monolithic slag compared with five inserted into rooting substrates, and harvested after 19 days.
common substrates and evaluate the amount of substrate parTen cuttings of each taxon were inserted to a depth of 1.9
ticles that remain attached to root systems of these same cutem (0.75 in) into each of the six rooting substrates in indi-

tings upon bare-rooting.

Materials and Methods

Six substrates were used for rooting stem cuttings: mono-
lithic slag (Multimetco, Inc.Anniston,AL), fill-grade con-
struction sand (Lafge Building MaterialsAuburn, AL),
Sunshine coarse perlite (Sun Gro Horticulture, Seneca, IL),
Sunshine coarse vermiculite (Sun Gro Horticulture, Seneca,
IL), Fafard 3B mix (a blend of peat, perlite, vermiculite, and
pine bark; Conrad Fafard, Indgawam, MA), or fine pine
bark [particle siz& 0.64 cm (0.25 in)Albertville Wood Prod-
ucts,Albertville, AL]. Fafard 3B mix contained manufac-
turerincorporated fertilizer; otherwise, no fertilizer was
blended into the substrates. Six random samples (approxi-
mately 500 criiper sample) of each substrate were dried for
24 hr at 46C (15F), with 250 crhimeasured from each dried
sample with a 250 ml graduated cylinder for further analy-
sis. Three of these samples were used for determination of
bulk density and measurement of water and air content at
container capacity (content after thorough saturation with
water and draining by gravityJhe other three samples were
used for determination of particle size distribution by manual
sifting through No. 8, 10, 20, and 50 U.S.A. standard testing
sieves (Fisher Scientific Co., Pittsghr R).

Containers (Landmark Plasticdkron, OH) used for
propagation were X-3.5SP sheets of square pots [384 cm
(23 ir’) soil vol per pot] for stem cuttings &blenostemon
scutellarioides ‘Roseo’ and X-3SQSP sheets of square pots
[181 cn® (11 in®) saoil vol per pot] for stem cuttings of all
other taxa, with pots placed into L1020NCR polystyrene
trays. Substrate-filled pots were hand-watered thoroughly
with tap water prior to placement in the trays using a com-
pletely randomized design, with three additional pots of each
substrate set aside for initial evaluation of pH and electrical
conductivity (EC). Upon harvest of rooted cuttings, three pots
of each used substrate per taxon were collected for final de-
termination of pH and E@\ saturated paste of each sample
was prepared with deionized water and pH and EC were
measured using a Model 63 pH/conductivity/temperature
meter (YSI Incorporatedellow Springs, OH).

Cutting material was collected from greenhouse, con-
tainergrown stock plantsRosa ‘Red CascadeandS.
scutellarioides ‘Rose0’) or landscape stock planitby€lran-
gea paniculata and Salvia leucantha) on the campus of
Auburn UniversityAuburn,AL [lat. 32°36'N, long. 85°29'W
(USDA Hardiness Zone 8a)] on May 25, 2002. Semi-hard-
wood stem cuttings dfl. paniculata were prepared as 3.8
cm (1.5 in) long, single-node subterminal cuttings with 2.5
cm (1 in) of stem below the node, inserted into rooting sub-

vidual pots for a total of 60 cuttings per taxon on May 25,
2002. No root-promoting compounds were used to treat the
cuttings. Harvest dates were determined based on prior
observation of the time required to established well-rooted
plants of each taxon from cuttings inserted into Fafard 3B
substrate.

Cuttings of all taxa were placed under a greenhouse mist
system providing overhead mist with municipal tap water
(pH ~7.0) for 6 seconds every 20 minutes during daylight
hours. Rooting cuttings were fertilized twice per week be-
ginning 7 days$% leucantha andS. scutellarioides ‘Roseo’)
or 14 days K. paniculata andR. ‘Red Cascade’) after in-
sertion using Pro-Sol 20-20-20 wasaluble fertilizer
(Pro-Sol, OzarkAL) applied as a drench at a rate of 100
ppm N. Maximum photosynthetically active radiation mea-
sured in the greenhouse on the cutting bench with a LI-6200
portable photosynthesis system (LI-COR, Inc., Lincoln, NE)
was 600 umol/fisec and daily maximum/minimum tem-
peratures in the greenhouse were 27 + 6C (80 + 10F)/18 +
3C (65 £ 5F).

Upon harvest, each rooted cutting was removed from its
rooting substrate and, holding each cutting by the stem base,
was shaken for 5 sec to dislodge substrate particles from the
root systemThe root system was laid on a flat, white surface
and the percentage of the root system surface covered by
adhering soil particles was estimated by visual inspection to
the nearest 5%l he root system of each cutting was then
submeged in water and gently agitated by hand for 5 sec to
further dislodge substrate particl€he root system was again
laid on a flat, white surface and the percentage of the root
system surface covered by adhering soil particles was esti-
mated by visual inspection to the nearest 5%. Number of
rooted cuttings was determined for each substatetting
was classified as rooted if it produced at least one root of 10
mm in length or longeNumber of primary roots, total root
length, and total new shoot length were also determined for
each rooted cutting.

Results from cuttings rooted in the monolithic slag sub-
strate were compared to cuttings rooted in each of the other
five substrates using FisheExactTest for number rooted
and DunnetsTest for all other measures. Least squares means
were calculated when sample size$eddd (due to < 100%
rooting). Bulk densitywater and air content at container ca-
pacity pH, EC, and particle sizes for the monolithic slag were
also compared to each of the other five substrates using
DunnettsTest. $atistical analyses were conducted using the
SAS® System, Release 8.2 (SAS Institute, Inc., CH(Y).

Results and Discussion

strates, and harvested after 36 days. Semi-hardwood stem Particle size distribution of monolithic slag was similar to

cuttings ofRosa ‘Red Cascade’ were prepared as 7.6 cm (3
in) long, three-node subterminal cuttings with 1.9 cm (0.75
in) of stem below the basal node, inserted into rooting sub-

perlite, vermiculite, and pine barkdBle 1), while its bulk
density was similar to sand and greater than all other sub-
strates (@ble 2).Waterholding capacity of monolithic slag

strates, and harvested after 26 days. Semi-hardwood stemwas less than that of all other substrates, while air space at

68
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Table 1.

Particle size distribution (percent by weight) of six poting substrates?

>2.36 mm >2.00to0 2.36 mm > 0.85t0 2.00 mm > 0.30 to 0.85 mm =0.30 mm
Substrate (> 0.094 in) (> 0.079 to 0.094 in) (> 0.0331t0 0.079 in) (>0.012 t0 0.033 in) (=0.012in)
(%) (%) (%) (%) (%)
Monolithic slag 68 5 15 8 4
Sand 13* 4rs 29% 46* 8
Perlite 67 8* 17ns 5ns 3ns
Vermiculite 728 12* 13 2ns 1ns
Fafard 3B 34* 5ns 27* 23* 11*
Pine bark 7008 4rs 1ms 8 1ns

“Means (of three samples per substrate) within a column were significafehedif(*) or not significantly dferent (ns) from the mean of the monolithic slag

substrate according to Dunneffest (two-tailedP < 0.05).

Table 2. Bulk density, water content at container capacity, and air
space at containercapacity of six ooting substrates?

Water content Air space
at container at container
Bulk density capacity capacity
Substrate (g/cnr) (% by vol) (% by vol)
Monolithic slag 1.54 16 25
Sand 1.53 29* 3*
Perlite 0.09* 27* 38*
Vermiculite 0.12* 33* 34*
Fafard 3B 0.15* 56* 11*
Pine bark 0.21* 20* 33*

“Means (of three samples per substrate) within a column were significantly
different (*) or not significantly dferent (ns) from the mean of the mono-
lithic slag substrate according to Dunr&tigst (two-tailedP < 0.05).

container capacity was greater than sand and Fafard 3B and
less than perlite, vermiculite, and pine bar&l{lg 2).

At the start of the experiment, monolithic slag had a pH of
6.7; vermiculite was similaperlite was higherand sand,
Fafard 3B, and pine bark were lowetafle 3). Previous
measurements of the pH of monolithic slag had shown pH
values > 8.0 (data not presented), but high pH values were
not recorded at any time during this experim&he water
ing-in process that preceded pH determination might have
leached calcium from the material, thus lowering pH. By
harvest time, pH had decreased or remained the same in the
monolithic slag, perlite, and vermiculite; and increased or
remained the same in the sand, Fafard 3B, and pine bark.
There was less variability in pH among the substrates for
any one taxon at the time of harvest (primarily in the range
of 6 to 7) than that exhibited at the start of the experiment.

Soluble salt levels, as measured by electrical conductivity
(EC), were similar at the start of the experiment in all sub-
strates, except Fafard 3B which was notably higher due to
pre-incorporation of fertilizer by the manufacturealfle 3).

Table 3. Substrate pH and electrical conductivity (EC) at the statr of the trial and at harvest of stem cuttings of fourtaxa rooted in six substrates.

Solenostemon
Sarting Hydrangea paniculata Rosa ‘Red Cascade’ Salvia leucantha scutellarioides ‘Roseo’
Substrate reference (26 DA)* (36 DAI)x (19 DAI)x (19 DA™
pH

Monolithic slag 6.7 6.8 5.9%] 6.0%] 6.3

Sand 6.0 7. 208t 6.1nslnsl 6.6%*1 6.3k
Perlite 7.3* 6.7 5.9k 6.41*] 6.1nsk]
Vermiculite 6.9 6.8l 6.1nst] 6.4%*] 6.20sk]
Fafard 3B 5.8* 6.4%*] 6.0l 6.4%*] 6.1nsins]
Pine bark 4.4* 6.1%*1 5.81] 6.0k 5.4%*]

EC (uS/cm)

Monolithic slag 43.6 86.9¢ 64.3" 52.6" 132.6*1

Sand 6.5 32.4%*] 26.8%*] 17.4%ns] 28.8%*]
Perlite 17.9+ 124.74*] 149.84*] 80.24*1 211.1%*1
Vermiculite 38.6° 177.6%%) 196.6%* 112.8%*] 268.24*]
Fafard 3B 883.0* 212.9%1 163.74*] 79.0%*] 220.8%*1
Pine bark 222.9¢ 36.5%*] 39.8%*] 32.9%*] 54.3%*]

“Means (of three samples per substrate) within a column for pH and EC were significéerintl{) or not significantly dférent () from the mean pH and
EC, respectivelyof the monolithic slag substrate according to Dunsiggist (two-tailedP < 0.05). Means within a row were significantlyfdient ([*]) or not
significantly diferent ([ns]) from the mean of the starting reference according to D resdt’(two-tailedP < 0.05).

YDays after insertion of cuttings into the substrate.
*Cuttings rooted in square pots [1813dtd in®) soil vol. per pot].
wCuttings rooted in square pots [384%d{23 irf) soil vol. per pot].
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Table 4. Rooting response, initial shoot gswth response, and adhesion of substrate ganes to root systems of stem cuttings of foutaxa rooted in
monolithic slag compaked to five common poting substrates.

Root system with Root system with

Total root Total new shoot attached attached
length/cutting length/cutting particles after particles after
Substrate Rooting (%)? Roots/cutting (mm)Y (mm)Y shaking (%) washing (%)

Hydrangea paniculata (26 DAIX)*

Monolithic slag 100 30.0 890 0.0 215 2.9

Sand 100 30.8¢ 526 1.3¢ 87.0* 4.0
Perlite 100 18.8¢ 403 0.0 81.5* 37.0*
Vermiculite 100+ 34.0¢ 1373 1.3 62.0* 15.5*%
Fafard 3B 100 39.0¢ 1428 9.5a 99.0* 90.0*
Pine bark 80+ 8.6* 231 0.0 53.8* 4.9

Rosa ‘Red Cascade’ (36 DAIY

Monolithic slag 80 11.3 616 44.1 7.5 0.5
Sand 100 9.9 514 49.8 6.0 os

Perlite 100+ 8.9 599+ 70.1s 33.0* 2.8*
Vermiculite 80 9.1 71108 68.3° 8.8 3.6*
Fafard 3B 100 11.9 772 134.0* 48.0* 3.8*
Pine bark 50 6.8 248 8.0 8.0 1.208

Salvia leucantha (19 DAI)"

Monolithic slag 100 19.3 856 84.3 7.0 0.5
Sand 100 13.1¢ 849+ 106.0* 24.5* o

Perlite 100 17.8¢ 1104 86.9% 40.0* 2.6*
Vermiculite 100+ 16.9¢ 1068 92.2s 16.0* 2.6*
Fafard 3B 100 17.8¢ 1308 135.8* 69.0* 3.3*
Pine bark 100 22.8¢ 1510* 78.9¢ 17.5* 0.3

Solenostemon scutellarioides ‘Roseo’ (19 DAIY

Monolithic slag 100 39.0 2000 113.0 25.5 3.9

Sand 100 41.8® 2700° 116.5¢ 91.0* 1.4
Perlite 100 30.8¢ 1842s 105.0¢ 72.0* 23.5*
Vermiculite 100 31.8s 2598 107.8s 53.0* 11.0*
Fafard 3B 100 44.0 4320* 142.5* 95.0* 38.0*
Pine bark 100 32.0 1330° 93.0* 81.0* 14.5*

1gnd-pold-swd-yiewssjem-jpd-awiid//:sdiy wody papeojumoq

ZTen cuttings per treatment per taxon. Number of rooted cuttings in the monolithic slag substrate was compared to each of the other substrates for each t
using Fisheis ExacfTest. No statistical diérences were found.

YLeast squares means (calculated using rooted cuttings only) within a column and taxon were signiffeaetiy @)for not significantly dferent (ns) from
the mean of the monolithic slag substrate according to Dusifiettf (two-tailedP < 0.05).

*Days after insertion of cuttings into the substrate.
wCuttings rooted in square pots [1813dtl in®) soil vol. per pot].
vCuttings rooted in square pots [384%d23 irf) soil vol. per pot].

or

Ghe

Despite liquid fertilization during the experiment, EC of the substrates for all taxdotal new shoot length on all taxa
monolithic slag did not increase significantly by harvest, rooted in monolithic slag was less than that of cuttings rooted
apparently due to its lower water retention; an exception oc- in Fafard 3B (probably due to availability of the pre-incor
curred withS. scutellarioides ‘Roseo’, likely due to devel- porated fertilizer content of the commercial blend), and
opment of a more extensive, fibrous root system that could mostly similar with all other substrates. Greater shoot growth
have retained more of the applied fertilizer solution. Sand, might not be an advantage if rooted cuttings are to be bare-
perlite, and vermiculite showed higher EC readings at har rooted and shipped due to the additional weight of the tissue.
vest compared to initial values; howevEIC values from Upon harvest, substrate was most readily dislodged from
the sand remained lower than those for monolithic slag. Fafard cuttings rooted in the monolithic slag upon being shaken
3B and pine bark showed lower EC values at harvest com- (Table 4).The thick, fibrous root systems &fscutellarioides
pared to initial values, apparently due to flushing by the in- ‘Roseo’ andH. paniculata cuttings were observed to retain
termittent mist and liquid fertilization. the monolithic slag particles close to the base of the cuttings.

Rooting percentages (compared as counts using Fisher Gentle washing by agitation in water further dislodged par
ExactTest) were similar across all treatments and taabl€T ticles of all substrates. Cuttings rooted in monolithic slag
4). An exception was cuttings d@. ‘Red Cascadeihich and sand retained almost no substrate particles after wash-
rooted at only 50% in the pine barkotal root length per ing. With the exception db. scutellarioides‘Roseo’cuttings,
rooted cutting in monolithic slag was mostly similar to other similar results were obtained with pine bark.
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Overall, rooting and initial shoot growth of cuttings of all  Literatur e Cited
taxa in the monolithic slag was very satisfactory in compari- ) o
son to the other substrates. If bare-rooting of cuttings with __ jéuﬁgt(?;):géAdh;//drT;re; sgg;ﬁﬁ:?gi) 1?:\/\%5‘&2;;;%?{‘?&?2;513
maximum removal of substrate particles without washing is ;55 9 a 9 B
an objective, monolithic slag appears to provide the best re- N b dwell. and i
sults. If maximum removal of substrate particles must be ,, 2 ¢henJ. C-A. Robinson, R.D. Caldwell, and D.B. McConnell. 1999.
. L . ... Water composts as components of container substrates for rooting foliage

accomplished, use of monolithic slag or sand, combined With pjant cuttings. Proc. Flat&e Hort. Soc. 12:272-274.
a gentle washing, can give optimal results. Pine bark can
also be suitable, depending on the taxon and the size andy;
extent of the root systems; howemvessults might be dir- 4. Cole, DM, J.L. SibleyE.K. Blythe, D.J. Eak K Wil 2002

: H S H H . Cole, D.M., J.L. SIbley=.K. e, D.J. EakKes, an . . .
ent Wlth other gr‘"?‘des of pln_e bark. In addition tO_ItS pOtentlaI Cotton gin compost as an alternative substrate for propagation. Comb. Proc.
use in commercial production of bare-root cuttings, mono- ny. plant Prop. Soc. 52:388-392.
|I'[h(IjC S'f‘.%. as Ia ;Ogyngtﬁutbs”at.e may be IusferIbmt Cttjétural 5. Hartmann, H.T D.E. KesterFT. Davies, Jrand R.L. Geneve. 2002.
a_‘n nu r_' 1onal stu IQS atrequire removal of substrate par parmann and Kester Plant Propagation: Principles and Practices. 7th ed.
ticles prior to collection of data on root systems (e.g., dry prentice Hall, Upper Saddle RivédJ.
Welgh_ts or_volume). Monolithic sl_ag appears to be a suitable 6. Miller, W. 2003. Handling bareroot perennials. Flower Bulb Res.
substitute in cases where sand is used as the sole substraigogram Nwsl. No. 2, p. 1-8.
for foo“”g _cuttlngs. Perlite or yerm.lcu“j[e WO.U|d be better 7. Multimetco, Inc. 1987. Material safety data sheet: Monolithic slag.
choices of inaganic substrates if weight is an issue. Further ;iimetco. Inc. Anniston AL.
research should determine whether monolithic slag is suit- 8. Tilt, K., J. Sibley F WoodsA. Caylor and C. Hesselein. 2001, Bare
able.for usein S”bS”."’.‘te blends for bOth propagatlon and pro'roots. Highlights Online 48(1). Spring 2001. <http://wagauburn.edu/
duction.Also, the a_b”'ty to reuse this material for repeated  aaes/communications/highlightsonline/spring01/spr_tilt.html> (last accessed
crops needs to be investigated. July 1, 2004).

3. Cifuentes, Fand J. Clavijo. 1989. Propagacién por estacas en lulo,
anum quitoense Lan.Agronomia Colombiana 4:37-41.
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