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Abstract

The effects of different concentrations of IBA, rooting media and cutting origins on the rooting of leafy stem cuttings of
Cordia alliodora (Ruiz & Pavon) Oken were investigated in three experiments using non-mist propagators. During the
rooting period, changes in dry mass, photosynthetic rate, stomatal conductance and relative water content (RWC) of the
cuttings were assessed. In Experiment 1, cuttings treated with 1.6% IBA achieved 70% rooting after 9 weeks. Bud growth in
cuttings was inhibited by increasing concentrations of IBA, which were associated with higher final rooting percentages. No
significant treatment differences in RWC or dry mass were found between IBA concentrations, although the dry mass of
cuttings in all treatments tended to increase during the rooting period. In Experiment 2, higher rooting percentages were
recorded in gravel (89%) and sand (88%) than in sawdust (76%). Although the water content of sawdust was relatively high,
cuttings in this treatment displayed significantly lower stomatal conductances (g, ), which may be attributed to death of stem
tissue resulting from anoxia. In Experiment 3, highly significant differences (P < 0.01) were recorded between node
positions with respect to rooting percentage, values ranging from 21.3% for Node 2 to 46.3% for Node 5 (basal). Cuttings
actively photosynthesized during the rooting period, with photosynthetic rates (P,) of 0.68—6.70 umolCO, m~2s™'
recorded. However, no clear relationship between P, and rooting ability was apparent. Contrary to previous studies with thls
species, it was concuded that C. alliodora cuttings may be rooted relatively easily using the propagation system described.
However, the close relationships recorded between P,, irradiance and leaf-air vapour pressure deficit (VPD) suggest that
propagator microclimate should be carefully managed if optimal rooting percentages are to be achieved.
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1. Introduction

Cordia alliodora (Ruiz & Pavon) Oken

* Corresponding author. Institute of Ecology and Resource (Boraginaceae) is a valued timber tree native to

Management, University of Edinburgh, Kings Buildings, Mayfield

Road, Edinburgh EH9 3JU, UK. tropical Amenca., dlsmbu.ted from central Me).uco to
! Present address: International Centre for Research in Agro- northern Argemma and in parts of the Caribbean
forestry (ICRAF), P.O. Box 30677, Nairobi, Kenya. (Greaves and McCarter, 1990). It has also been
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introduced to other tropical countries where, in some
cases (e.g. Vanuatu), it has become the major refor-
estation species (Hudson, 1984; Neil and Jacovelli,
1985). C. alliodora is found on a wide range of sites
at altitudes from sea-level to 2000 m, and is widely
cultivated in agroforestry systems as well as planta-
tions (Greaves and McCarter, 1990). In Central
America, it is found in both the Atlantic (0-900m
above sea-level (a.s.l.)) and the Pacific regions (0—
1800m a.s.l.), but is most common in the former,
where the tallest and best-formed trees are found
(Boshier and Mesén, 1987, Boshier and Mesén,
1988). On these sites, the bole has a monopodial
growth habit, essentially straight, cylindrical and
clear of branches for 50-60% of the total tree height.
However, both in natural and in planted stands, the
trees show a high variation both in growth and form,
indicating the potential for genetic improvement
(Boshier and Mesén, 1987).

A number of tree improvement programmes using
traditional techniques are currently in progress with
this species (Mesén et al., 1994). It is now widely
appreciated that vegetative propagation and clonal
selection techniques offer the possibility of rapid
genetic gains in such improvement programmes
(Zobel and Talbert, 1984). To develop a clonal pro-
gramme with C. alliodora, vegetative propagation
techniques need to be developed to allow the multi-
plication of selected genotypes. The experiments de-
scribed here investigated the effects of rooting me-
dia, IBA concentration and cutting origin on the
rooting ability of single-node cuttings of C. al-
liodora, using low-technology, non-mist propagators
as described by Leakey et al. (1990). This propaga-
tion system is relatively cheap and easy to maintain,
and is therefore highly appropriate for use in rural

tropical areas. _
CRWLEJ
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2. Materials and methods

Propagators were constructed following the de-
sign of Leakey et al. (1990). A wooden frame was
enclosed in clear polythene so that the base was
water-tight. The base was covered with successive
layers of large stones (6—10cm), small stones (3—

rooting medium to a total depth of approximately
25cm. The basal 20cm was then filled with water.
The propagators were placed in the Tree Improve-
ment Project nursery, at the Centro Agronémico
Tropical de Investigacién y Ensefianza (CATIE) in
Turrialba, Costa Rica (9°54'N, 83°40'W, 600m
a:s.l.), under a shade screen constructed of nylon
netting.

Plants were derived from open-pollinated progeny
of plus trees selected by the CATIE Tree Improve-
ment Project (TIP) in Costa Rica. Original seedlings
were grown 1 m apart in beds at the CATIE nursery,
cut back to maintain a supply of coppice shoots and
used as a source of cuttings to build up clonal
populations. Rooted cuttings were potted into black
polythene bags (600 cm®) containing a 1:1:1 mixture
of forest soil, sand and organic compost, then weaned
under shade and decreasing watering during a 2—
3 week period. After this weaning period, cuttings
were planted in beds beside the original stockplant,
at a spacing of 20cm X 20cm. The clonal plants
were given fortnightly soil applications of a pow-
dered fertilizer (FERTICA, Puntarenas, Costa Rica)
containing 10% N, 30% P and 10% K, at a rate of
approximately 30g per plant. The beds themselves
were made up of the potting mixture described above.
Mean annual rainfall in Turrialba is 2600 mm, with
no month below 50 mm. Consequently, watering was
not usually necessary, but the plants were watered to
field capacity when there was no rain for two con-
secutive days (typically in January and February).

In Experiment 1, 250 cuttings of a standard length
of Scm were collected from each of three clones
(Clones 2, 4 and 8), after trimming their leaf area to
a single leaf of approximately 30cm?®. The tip of
each shoot was discarded and cuttings were taken
sequentially down the stem, recording node position.
Cuttings were then treated immediately with one of
five indole-3-butyric acid (IBA) concentrations (0%,
0.2%, 0.4%, 0.8% and 1.6%) dissolved in methanol
solution. The IBA was applied to the clean-cut base
of the cuttings in 10 w1 droplets using a micrometer
syringe. The alcohol was evaporated off in a stream
of cold air from a fan before inserting the cuttings in
sand in the propagators (following Leakey et al.
(1982)). The control treatment received 10wl of

-.methanol only. Cuttings were inserted in ten random-

6cm) and gravel, and topped with an ap;{r‘glﬁtt U ‘.'ngtﬂak\s in fine sand propagation medium. During
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the course of the experiment, two fine spray water-
ings were given daily to the cuttings to keep the
leaves moist, at 07:00 and 15:00h.

Each cutting was assessed weekly for number of
roots and presence of shoots for 9 weeks in total. In
addition, ten cuttings from each clone were harvested
for assessments of initial stem and leaf fresh and dry
mass at Day 1, and then destructive samples were
taken after 14, 28 and 42 days, for measurement of
fresh and dry mass of leaves, stems and new shoots.
Each clone-treatment combination was represented
by five cuttings at each harvest. Foliar relative water
content (RWC) was calculated following Beadle et
al. (1985), as ((FM — DM)/(TM — DM)) X 100%,
where FM, TM and DM are fresh mass, turgor mass
and dry mass, respectively. Turgor mass was ob-
tained after floating the leaves in distilled water for
24 h. To determine dry mass, the cuttings were oven
dried at 80°C for 24 h.

In Experiment 2, a propagator was subdivided
into 12 compartments, and each one was assigned
randomly to one of three rooting media—fine sand,
gravel or sawdust. When the stockplants’ shoots had
grown to a height of 30-40cm, 360 cuttings of Scm
length were taken down the stem as described in
Experiment 1, 120 from each of three clones (Clones
19, 22 and 35). Leaves were trimmed to 30cm?
using paper templates and the cutting base was treated
with IBA in methanol at a concentration of 1.6%, as
described above. Cuttings from each clone were
assigned randomly to the compartments in the propa-
gator, each receiving 30 cuttings, ten from each
clone. Cuttings were assessed weekly as described in
Experiment 1 for a total of 6 weeks.

A data logger (21X Micrologger, Campbell Scien-
tific Ltd., Loughborough, UK) was used to character-
ize propagator microclimate during propagation. Air
temperature was measured using thermocouples
(Type K chromel-alumel; T.C., Ltd., Uxbridge, UK),
humidity using a thermistor probe (MP.100 Rotronic
probe, Campbell Scientific Ltd.), substrate tempera-
ture using a 107-thermistor probe (Campbell Scien-
tific Ltd.) and irradiance using quantum sensors (Skye
Instruments Ltd., Llandrindod Wells, UK, supplied
by Campbell Scientific Ltd.). All sensors of each
type were cross-calibrated before use. The logger
was programmed to record each sensor every 10s,
and to calculate and store mean readings every

15 min. The 107-thermistor probes were inserted in
the rooting medium to a depth of 2-3 cm. For mea-
surements of leaf temperature, the thermocouples
were attached to the lower leaf surface.

To determine the relative proportion of solids, air
and water in the rooting media, three 100cm® sam-
ples of each medium were taken. The air volume in
each sample was determined by measuring the
amount of added water required to saturate the air
spaces. The water content was determined by the
difference between wet and dry mass. The results
were expressed as percentage of each component by
volume.

Measurements of net photosynthetic rate (P,) and
stomatal conductance (g,) were taken at Week 1, 2
and 3 in a randomly selected sample of six cuttings
from each medium. For the assessments of P, and
8., an IR gas analyser was used (LCA-3, Analytical
Development Co. Ltd., Hoddesdon, UK). Measure-
ments were made of cuttings in situ in the respective
media. '

In Experiment 3, stockplants from Clones 18, 19,
22, 23, 25, 29, 33, 35, 37 and 38 were cut to a height’
of 20cm. Three weeks later, stockplants were pruned
to the three most vigorous shoots. When the shoots
had grown to heights of 30-40cm, the tip of each
shoot was discarded and six single-node, leafy stem
cuttings were taken sequentially down the stem, and
their leaf areas trimmed to 30cm?. IBA in a 1.6%
solution was applied to the base of the cuttings as
described in Experiment 1, before inserting the cut-
tings in sand in non-mist propagators. The cuttings
were allocated to eight randomized blocks, each
block containing 60 cuttings (ten clones X six node
positions in the shoot). One week after insertion, the
stem length and midpoint diameter of each cutting
were measured. Each cutting was assessed for num-
ber of roots at weekly intervals for 9 weeks in total.
As with the other experiments, rooting percentages
were calculated on the basis of these assessments.

Photosynthetic rates and stomatal conductance
were measured in situ in six randomly selected cut-
tings (including all node positions) from Clones 18,
19, 22, 23 and 29 on Days 14, 21 and 28 after
insertion. For these measurements, a portable gas
exchange system with IR gas analyser (IRGA) at-
tached to a Parkinson leaf chamber was used, as
described above. Measurements of propagator micro-
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climate were made throughout the rooting period as
described for Experiment 2.

In all three experiments, rooting data were sub-
jected to analyses of variance, followed by multiple
range tests where appropriate (SAS Institute, Inc.,
1980). Percentage data were arcsin transformed be-
fore analysis, following Snedecor and Cochran
(1980). Interactions between the treatment factors
were included in the ANOVA in each experiment. In
addition, rooting results were subjected to analysis of
deviance for stepwise regression in Genstat 5 (Payne
et al.,, 1987) to determine the influence of different
variables on rooting ability. In Experiment 1, esti-
mates of leaf and stem dry mass at Day 1 were
obtained by multiplying the total fresh mass of the
cuttings at Day 1 by a reduction factor obtained from
a sample of 30 cuttings from the three clones, de-
structively harvested at Day 1.

3. Results

3.1. Experiment 1

Nine weeks after insertion, highly significant dif-
ferences in rooting percentage were found between
IBA concentrations (P < 0.001, ANOVA), with a
value of 70% recorded in cuttings treated with 1.6%
IBA, compared with only 10% for the control cut-
tings (Fig. 1(a)). The effect of IBA concentration on
number of roots per rooted cutting was also signifi-
cant (P < 0.01, ANOVA). This trait showed a simi-
lar trend to that of rooting percentage, with higher
values recorded with successive increases in IBA
concentration (Fig. 1(b)). Stepwise analysis of de-
viance confirmed that rooting was highly dependent
on IBA concentration, but also highlighted a signifi-
cant effect of the presence of shoots and leaves in
the cuttings, cutting diameter and clone, which was
positive in the former two cases (P < 0.01 in each
case).

Cuttings of Clone 2 displayed significantly higher
rooting percentages than Clones 4 and 8 after Week
5, but these differences became non-significant at
Week 9 (when rooting percentages of 56%, 47% and
44%, respectively, were recorded). In terms of num-
ber of roots per rooted cutting, Clone 2 produced a
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Fig. 1. The effects of five different concentrations of IBA (0, 0.2,
0.4, 0.8 and 1.6%) on (a) the rooting percentage and (b) the
number of roots per rooted cuttings of single-node, leafy stem
cuttings of Cordia alliodora, 9 weeks after insertion in non-mist
propagators at Turrialba, Costa Rica. Values are means (n=115)
of three clones; values grouped by the same letter are not signifi-
cantly different at P < 0.05.

significantly higher number of roots (3.2) than Clones
4 (2.1) and 8 (2.8) at Week 9.

During the first 6 weeks, the percentage of cut-
tings with growing shoots was higher with succes-
sive decreases in IBA concentration. No significant
differences were found between clones for this trait.
When the percentage of cuttings with growing shoots
at Week 3 was correlated with final rooting percent-
age, a strong negative relationship was found (r? =
0.63; Fig. 2).

Highly significant differences in RWC were found
between clones, with values from Clone 8 being
lower than those from the other two clones (P < 0.05,
ANOVA), but no difference between treatments was
recorded. At Week 2, the RWC of all the cuttings
was close to 100%, but by Week 4, values had
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Fig. 2. The relationship between the percentage of Cordia al-
liodora cuttings rooted after 9weeks and the percentage of cut-
tings with actively growing shoots at the third week after insertion
in non-mist propagators at Turrialba, Costa Rica (y= —1.16x +
83.8). Values were calculated for each of 15 clone X treatment
combinations (3 clones X 5 treatments), with 40 cuttings per com-
bination.

declined to around 75%, gradually increasing there-
after.

No significant differences in foliar dry mass were
found between cuttings subjected to different IBA
concentrations during the 6weeks after insertion.
The foliar dry mass of all treatments decreased dur-
ing the first 2 weeks after insertion, increasing there-
after to reach values similar to those obtained ini-
tially, by Week 6. In terms of total cutting dry mass,
most IBA treatments showed a steady increase dur-
ing the 6 weeks in the propagator. Treatment with
0.4% IBA showed a slight decrease during the first
4 weeks, but increased at Week 6 to values similar to
those for the other treatments. The estimated dry
mass gain over the 6 weeks following insertion was
in the range 0.04-0.06 g per cutting.

3.2. Experiment 2

A maximum irradiance of 335 pmolm™2s~! was
recorded inside the propagator, with a mean of
22 umolm~2s~!, Relative humidity varied between
78 and 100%, with a mean of 97%, and air tempera-
ture varied between 20.7 and 37.7°C, with a mean of
24.2°C. Slight differences were found between sub-
strate temperatures; gravel showed the lowest mean
temperature (22.9°C), followed by sawdust (23.2°C)
and sand (24.3°C). Leaf temperatures also differed
between treatments, ranging from 24.3°C (sawdust)
to 25.6°C (sand) and 25.8°C (gravel). The largest

differences between treatments were found in leaf-
to-air vapour pressure deficits (VPD), with maxi-
mum values of 0.61 kPa, 2.21kPa and 6.58 kPa for
sawdust, sand and gravel, respectively. When values
of photosynthetically active radiation (PAR) were
correlated with VPD, strong positive correlations
were recorded (r2=0.75, 0.82 and 0.63 in sand,
gravel and sawdust, respectively).

The three rooting media showed clear differences
in their relative proportions of solids, water and air.
The water component was higher in sawdust (53.8%)
than in sand (17.6%) and gravel (4.5%). The air
content was similar in sawdust (30.3%) and gravel
(30.5%), and relatively low (5.5%) in sand.

Rooting percentages were relatively high, with
values over 75% in all media. However, highly
significant differences (P <0.01) were found be-
tween treatments after 6 weeks. Rooting percentages
in both gravel and sand were significantly higher
than in sawdust (Fig. 3(a)). A similar pattern was
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Fig. 3. The effects of rooting substrate on (a) the rooting percent-
age and (b) the number of roots per rooted cutting of single-node,
leafy stem cuttings of Cordia alliodora, 6 weeks after insertion in
non-mist propagators at Turrialba, Costa Rica. Values are means
(n=120) of three clones; values grouped by the same letter are
not significantly different at P < 0.05.
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Fig. 4. The effect of rooting substrate on (a) the mean net
photosynthetic rate (P,) and (b) the mean stomatal conductance
(g,) of single-node, leafy stem cuttings of Cordia alliodora
during propagation in non-mist propagators at Turrialba, Costa
Rica. Values presented are means (n = 18); means grouped by the
same letter are not significantly different at P < 0.05.

found for number of roots per rooted cutting (Fig.
3(b)).

Clones also showed significant differences in
rooting percentage, with Clone 35 displaying a sig-
nificantly (P <0.05, ANOVA) lower value than
Clones 19 and 22 (64.2% vs. 97.5% and 90.8% in
Clones 19 and 22, respectively). A similar ranking
was found for number of roots per rooted cutting,
with means of 5.8, 7.3 and 4.6 recorded for Clones
19, 22 and 35, respectively. The effect of both
rooting medium and clone was confirmed by analy-
sis of deviance; the effect of cutting diameter was
not significant ( P > 0.05).

Photosynthetic rates of between 1.67 and
3.41 umolCO, m™?s~" were recorded in the cut-
tings during the first 3 weeks after insertion. On
average, values were higher in sand than in the other
media (Fig. 4(a)). Stomatal conductances measured
in cuttings in sand and gravel were significantly
higher than those in sawdust (Fig. 4(b)). When val-

ues of PAR were correlated with P,, positive corre-
lations were found in all rooting media (r? = 0.54,
0.53 and 0.58 for sawdust, sand and gravel, respec-
tively).

3.3. Experiment 3

A maximum irradiance of 556 pumolm~2s~! was
recorded inside the propagator during the course of
the experiment. Relative humidity varied between
73.7 and 100%, with a mean of 94.8%. Mean air,
substrate and leaf temperatures of 23.9, 21.9 and
25.1°C were recorded, with a maximum leaf temper-
ature of 37.0°C. VPD varied between 0.31 and
2.41kPa, with a mean of 0.65kPa. There was a
strong positive correlation between PAR and VPD
(r’=0.71.

Nine weeks after insertion, highly significant dif-
ferences (P <0.01) in rooting percentage were
recorded between node positions. However, rooting
percentage did not show a consistent trend with node
position, values varying between 21.3% for Node 2
to 46.3% for Node 5 (Fig. 5). No significant differ-
ences were obtained for number of roots per rooted
cutting, mean values ranging between 2.0 and 3.2.
Stepwise regression revealed that rooting percentage
was significantly influenced by clone, node position,
cutting length and cutting diameter. Mean cutting
diameter increased from 3.8 to 5.0 mm from Node 1
to Node 6, but mean cutting length did not show any-
systematic relation to node position, varying from
35.4mm for Node 3 to 39.8 mm for Node 6. This

40 »
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o) H
o L

1 2 3 4 5 6
Node position

Fig. 5. The effects of node position (1. apical; 6, basal) on the
rooting percentage of single-node, leafy stem cuttings of Cordia
alliodora. 9 weeks after insertion in non-mist propagators at Turri-
alba, Costa Rica. n=80; values grouped by the same letter are
not significantly different at P < 0.05.
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Fig. 6. Clonal variation in rooting of leafy stem cuttings of Cordia
alliodora during propagation in non-mist propagators at Turrialba,
Costa Rica. n=48; values grouped by the same letter are not
significantly different at P <0.05.

may account for the lack of a systematic relationship
between rooting percentage and node position. Large
variation in rooting was also observed between
clones, values ranging between 6.3% (Clone 23) to
70.8% (Clone 22) (Fig. 6). A significant interaction
(P <0.05, ANOVA) between clone and node posi-
tion was also recorded.

Photosynthetic rates of between 0.68 and
6.70 .molCO, m~2s™' were recorded in cuttings
during propagation. Stepwise regression showed that
PAR and g, accounted for the largest proportion of
the total variation (58.7% and 14.0%, respectively),
whereas clone (2.6%) and node position (1.5%) had
a smaller effect. On average, apical (Nodes 1 and 2)
and basal (Node 6) nodes displayed higher P, val-

3.2
= 2 a
o — 8
o 3.0 1
E ab
pr
(_'é 2.8 b b b
2
o 261
24 T T mm e T
1 2 3 4 5 6
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Fig. 7. The effect of node position (1, apical; 6. basal) on the
mean net photosynthetic rate (P,) of single-node, leafy stem
cuttings of Cordia alliodora during propagation in non-mist prop-
agators at Turrialba, Costa Rica. Values presented are means
(n = 40); means grouped by the same letter are not significantly
different at P <0.05.

ues, whereas Nodes 3-5 showed the lowest values
(Fig. 7). Stomatal conductances varied between 18.0
and 680.0mmolH,Om™2s™' during propagation;
no significant effect of node position was recorded.
When values of PAR were correlated with P,, a
strong positive correlation was recorded (r? = 0.80).

4. Discussion

The ability of auxins to promote adventitious root
development in stem cuttings is well known, and has
been attributed to enhanced transport of carbohydrate
to the base of the cutting (Hartmann et al., 1990).
However, contrasting effects of IBA addition have
been recorded with different tree species. For exam-
ple, the optimum IBA concentration for rooting of
Triplochiton scleroxylon was found to be 0.4%
(Leakey et al., 1982), substantially lower than that
recorded here for C. alliodora. A particularly strik-
ing feature of the present results was the very low
rooting in the control treatment, supplied with zero
IBA. Successful rooting without applied auxin has
been reported in a number of tropical tree species,
such as Shorea macrophylla (Lo, 1985), Milicia
excelsa (Ofori et al., 1996) and Nauclea diderrichii
(Leakey, 1990). Such contrasting results may reflect
variation in endogenous auxin contents at time of
severance (Hartmann et al., 1990).

The negative relationship found between rooting
percentage and shoot development may reflect com-
petition for assimilates between the developing root
and shoot during propagation (Davis, 1988), as
recorded in Populus tremula (Eliasson, 1971). The
inhibition of bud growth at increasing IBA concen-
trations supports results with Milicia excelsa (Ofori
et al., 1996), and may be attributed to IBA-induced
basipetal transport of assimilates. An alternative hy-
pothesis is that applied auxins may inhibit bud
growth, as injection of Nauclea diderrichii with
auxin delayed sprouting of cuttings taken from them
(Leakey, 1990).

The importance of propagation medium for the
rooting of leafy cuttings is also widely recognized
(Hartmann et al., 1990). In general, an appropriate
rooting medium is described as one with an optimal
volume of gas-filled porespace and an oxygen diffu-
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sion rate adequate for the needs of respiration
(Andersen, 1986). It is also clear that the provision
of sufficient water to prevent wilting is a prime
requirement (Loach, 1986). Tree species differ in
their response to different media (Leakey et al.,
1990). For example, in Irvingia gabonensis (Shiembo
et al., 1996a), Ricinodendron heudelotii (Shiembo et
al., 1996b) and Milicia excelsa (Ofori et al., 1996),
higher rooting percentages were recorded in sawdust
than in the other media tested, contrasting with the
results obtained here with C. alliodora.

In general, media with relatively high water con-
tents, such as sawdust, are associated with higher
rates of water uptake in the cutting (Loach, 1986)
and consequently higher rooting percentages. How-
ever, water can present a major diffusion barrier to
oxygen, and excess water may thereby result in
anoxia within the cutting base (Loach, 1986). Rot-
ting of the cutting base in sawdust was frequently
observed in the present investigation, indicating that
C. alliodora requires a relatively well-aerated
medium for cutting survival. Reduced water absorp-
tion through the cutting base resulting from tissue
death may also explain the reduced stomatal conduc-
tance of cuttings in sawdust observed here (see
Grange and Loach (1983)). The fewer roots per
rooted cutting recorded in sawdust may also reflect
anoxia, as recorded previously with Chrysanthemum
cuttings (Hartmann et al., 1990) and Cupressocy-
paris leylandii (Loach, 1986).

Photosynthesis during propagation is generally
thought to positively influence root formation in
leafy cuttings (Davis, 1988), but few studies have
actually measured photosynthesis during the rooting
period. The photosynthetic rates recorded in Experi-
ments 2 and 3, ranging between 0.68 and
6.70 umolCO, m~?s™', are similar to those re-
ported for Terminalia spinosa cuttings (0-
6 wmolm~? s~ ') under the same propagation system
(Newton et al., 1992). In some cases, increases in the
dry mass of the cuttings have been correlated with
the rooting ability of cuttings (Leakey and Coutts,
1989), and rooting may also be related to photo-
synthesis of cuttings on shoots before severance
(Leakey and Storeton-West, 1992). The results of the
experiments described here, with measurements both
of dry mass increment and photosynthetic rate, indi-
cate that cuttings of C. alliodora actively photosyn-

thesize during propagation. However, no clear rela-
tionship between photosynthetic activity and rooting
ability was apparent. It has been suggested that even
low photosynthetic rates can contribute significantly
to the carbon budget of a cutting (Okoro and Grace,
1976), but further research is required to fully evalu-
ate the importance of photosynthesis during propaga-
tion for root development in C. alliodora.

Cutting origin has been found to be closely re-
lated to rooting ability in a number of other tree
species. For example, in Triplochiton scleroxylon,
rooting percentage of cuttings taken from different
node positions was found to decline basipetally
(Leakey and Mohammed, 1985). These and other
results have led to the suggestion that cutting stem
volume, as influenced by basipetal gradients in stem
length and diameter, may have a pronounced influ-
ence on rooting by determining the storage capacity
of carbohydrates produced pre- and post-severance
(Leakey et al., 1994). The results recorded here with
C. alliodora contrast with those obtained with other
species: although higher cutting diameters were
recorded at lower node positions, no consistent trend
in rooting percentage was recorded. This suggests
that other factors than stem volume, such as the
content of plant growth regulators, may have been
influential (Leakey et al., 1994).

One striking feature of these results was the clonal
variation in rooting ability. Although no attempt was
made to investigate this in any detail, such variation
may clearly have profound implications for large-
scale multiplication programmes. Genetic effects are
among the least studied factors that control or mod-
ify rooting by cuttings (Haissig and Riemenschnei-
der, 1988). The clonal variation in rooting ability
recorded here was not easily explicable in terms of
variation in the morphological or gas exchange char-
acteristics observed.

These results indicate that, contrary to previous
reports (Dyson, 1981), C. alliodora can be easily
rooted, using the techniques described here. IBA
should be applied to the cutting base to increase the
rooting percentage and the number of roots produced
by the cuttings. The highest concentration tested
(1.6%) produced the highest rooting percentage and
number of roots per rooted cutting, but the nature of
the response suggests that the optimal IBA concen-
tration for the rooting of C. alliodora may be even
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higher than those tested here. Both the rooting per-
centage and the number of roots per cutting were
reduced when sawdust was used, in comparison with
sand and gravel, indicating that rooting substrates
with relatively low water-holding capacities may be
appropriate for propagation of this species.

Previous measurements have indicated that signif-
icant water deficits may occur in cuttings of C.
alliodora during propagation, associated with peaks
in VPD and PAR (Newton and Jones, 1993b). The
close relationships recorded here between post-sever-
ance photosynthetic rate and PAR, and between PAR
and VPD, suggest that careful management of the
propagator microclimate may be required for opti-
mum rooting of C. alliodora to be achieved (Newton
and Jones, 1993a). For example, the use of shading
may allow relatively low VPDs to be maintained
around the cuttings, while providing sufficient irradi-
ance for the cuttings to maintain a positive carbon
balance. Further research is required to define more
precisely the appropriate microclimate for propaga-
tion of this species.
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