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Abstract

Phenotypic selection is commonly used in agroforestry,
both in genetic improvement and as a component of
“good practice” in seed collection. In the first case, the
aim is to secure genetic gain. In the second case, selec-
tion is used to ensure that seed supplies meet given
minimum quality standards, or that poor quality
sources are avoided. Here we examine the effectiveness
of phenotypic selection in natural forest stands of the
Amazonian timber and multipurpose tree Calycophyl-
lum spruceanum Benth.. We ask (a) whether mother-
trees with high estimated annual height and diameter
increments had faster growing progeny than mother-
trees with low values; (b) whether forked mother-trees
tended to have higher proportions of forked progeny
than unforked trees; (c) whether spatially isolated moth-
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er-trees tend to produce slower growing progeny than
mother-trees growing together with conspecifics. In each
case, we found no evidence of differences between the
respective groups. We offer explanations for these find-
ings and discuss their implications for tree improvement
and seed collection.

Key words: Calycophyllum spruceanum, progeny-test, tree
domestication, tree improvement, seed collection, tropical rain-
forest.

Introduction

Phenotypic selection is used commonly in agroforestry,
both in genetic improvement programmes (e.g. MESEN et
al., 1994) and as a component of “good practice” in seed
collection (e.g. MULAWARMAN et al., 2003). In the first
case, the aim is to secure genetic gain. In the second
case, selection is used to ensure that seed supplies meet
given minimum quality standards, or that poor quality
sources are avoided.

Phenotypic selection involves a cost. Therefore, its
effectiveness is of interest. CORNELIUS (1994a) estab-
lished that plus-tree selection for yield can be effective.
However, there were indications that selection is less
effective in wild stands than in plantations. There are
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two principal reasons why this is likely to be the case.
First, environmental factors in natural forests (pests
and diseases, competition, soil physical and chemical
characteristics, etc.) are generally less controlled and
therefore more variable than in plantations. Second,
trees in natural populations may vary in age. Because of
both factors, phenotype in natural stands will tend be
less indicative of genotype, i.e. heritability will tend to
be lower, which reduces the effectiveness of selection.

Here we examine the effectiveness of phenotypic selec-
tion in natural forest stands of the Amazonian timber
and multipurpose tree Calcycophyllum spruceanum
Benth. We ask three specific questions. First, whether
mother-trees with high estimated annual height and
diameter increments had faster growing progeny than
mother-trees with low values of the same variables.
SOTELO et al. (2006) reported heritabilities of height and
diameter for C. spruceanum of between 0.24 and 0.3, i.e.
substantially >0 and towards the high end of ranges
typical in forest trees (CORNELIUS, 1994b). However,
these estimates were based on progeny-tests of the pop-
ulations studied here; for the reasons explained above,
we would not necessarily or probably expect them to
apply here.

Second, whether forked mother-trees tended to have
higher proportions of forked progeny than unforked
mother-trees. Third, as seed collection guidelines fre-
quently indicate that seed trees should not be isolated
from conspecifics, we examine whether isolated
C. spruceanum trees produce slower growing offspring
than those growing together with conspecifics. Seed col-
lection guidelines recommend avoidance of isolated indi-
viduals because, in self-compatible species or individu-
als, isolation could lead to higher rates of selfing
(MurawskI and HAMRICK, 1991) and, possibly, inbreeding
depression in the progeny (e.g. GIGORD et al., 1998). For
example, NAVARRO and HERNANDEZ (2004) found that
progeny of isolated mahogany (Swietenia macrophylla
King) trees tended to be slower growing than progeny of
individuals growing in continuous forest tracts. They
attributed this to selfing, which, although unusual in
S. macrophylla, is known to occur (LEMES et al., 2007).

Materials and Methods
Study species

C. spruceanum is a long-lived pioneer species found in
open or disturbed situations in riparian, floodplain, and
other types of forest throughout the Amazon basin
(REYNEL et al., 2003; SOTELO MONTES et al., 2003). The
breeding system of C. spruceanum is unknown, although
at least one congener (C. candidissimum) has been
reported to be self-compatible (Bawa, 1974). The strong,
dense timber of C. spruceanum (SOTELO MONTES et al.,
2006) is one of the most traded on the Peruvian domes-
tic market (ITTo, 2005). The species also has multiple
on-farm (non-traded) uses, including medicinal applica-
tions (REYNEL et al., 2003).

Mother-trees and progeny test

In 1995, World Agroforestry Centre (ICRAF) staff sur-
veyed preferences of small farmers in the Peruvian
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Amazon. They found that farmers -considered
C. spruceanum to be one of the species of highest priori-
ty for participatory domestication (SOTELO MONTES and
WEBER, 1997). In response, ICRAF began a participatory
domestication programme. Open-pollinated seeds were
collected in September-October 1998 from 66 farmer-
selected mother-trees growing on farms in seven loca-
tions (provenances) in the lower, middle and upper parts
of the watershed Aguaytia watershed, Ucayali Region
(see WEBER et al. (2009) for provenance locations), and
the same number of randomly selected trees per prove-
nance. As farmers’ reasons for selecting individual trees
varied considerably, there was no overall intensive selec-
tion for any one trait. Phenotypic data, including total
height, trunk diameter at 1.3 m, and forking incidence,
were collected for random and selected mother-trees. In
addition, the farmers estimated the age of each tree.
These estimates are most likely to be reliable for trees
that regenerated naturally in swidden fields, as farmers
often remember when such fields were last cultivated.
The following environmental variables were also collect-
ed for each tree: topographic location (hilltop, slope, flat-
land, or potentially floodable depression on flatland),
soil texture (sandy, clayey, silty, other), spatial charac-
teristics (isolated tree, in copse of < 10 mature con-
specifics, in woodland of <50 mature conspecifics, in
extensive woodland of > 100 mature conspecifics), flood-
ing status (i.e. whether regularly flooded), land-use
(home garden, swidden field, secondary forest (< 10
years), secondary forest (> 10 years), pastureland, river-
side, and palm association).

A multiple site provenance-progeny test was estab-
lished, with replications located in the lower, middle and
upper parts of the Aguaytia watershed (see WEBER et al.,
2009, for full details). Seedlings were grown in the nurs-
ery in a replicated experimental design similar to that
used in the field (described below). After 15 months,
they were transplanted into the provenance/progeny
test. The test was established in the lower, middle and
upper parts of the Aguaytia watershed. The experimen-
tal design was a randomized complete block with split
plots. Ten replications were established on different
farms: three each in the lower and middle planting
zones, and four in the upper zone. In each replication,
the selected and random groups were randomly
assigned to two main plots, and the families in each
group were randomly assigned to 66 sub plots, each con-
taining two trees. Spacing was 2.5 by 2.5 m within and
between rows. Two rows of border trees surrounded each
main plot. Dead trees were replaced during the first dry
season: replants were not included in the analyses of
tree growth and stem bifurcations. Management prac-
tices are detailed in WEBER et al., 2009.

At 38 months after planting, tree height was mea-
sured to the nearest cm using a meter stick or telescopic
measuring pole. Stem diameter at 10 cm above ground
was measured to the nearest 0.1 cm using callipers or
diameter tape. The full statistical analysis is described
elsewhere (WEBER et al., 2009). The data for our analy-
sis were the overall family means across the experiment
for height, diameter, and proportion of trees with forks,
all at 38 months.



Trait comparisons: growth rate

When the selections were made, the farmers generally
did not emphasize tree size or growth increment.
Indeed, in several populations, the mean heights or
diameters of selected trees were lower than those of ran-
dom trees. Consistent with this, progeny-test data sug-
gest that this selection has not had any genetic conse-
quences (i.e. neither in reducing genetic variances nor in
changing mean values for growth variables) (WEBER et
al., 2009). Here we look not at the genetic effect of the
actual selection, but at the potential effect of alternative
selection strategies aimed at increasing growth rate.

Plus-tree selection practitioners use various approach-
es to attempt to minimize the effects of age and environ-
mental differences (LEDIG, 1974; MORGENSTERN et al.,
1975). In order to reflect such practice, in each popula-
tion we identified mother-trees with the same values of
the environmental variables (for land-use type, old and
young secondary forests were considered to represent
the same conditions, on the assumption that in both
cases the C. spruceanum trees were established during
the early successional stage). We then estimated annual
height increment as total tree height + estimated age.
The trees were then sorted into pairs. When more than
two trees in a population had the same environmental
conditions, the two trees which differed most in height
increment were first paired, and then the same proce-
dure was used with the remaining trees until <1 tree
remained unpaired. The tree with highest height incre-
ment of each pair was considered to have been notional-
ly selected, independent of whether it was from the
actual “random” group or the “selected” group. Pairs
with a height increment difference of < 20% were elimi-
nated, as we were interested only in testing effects of
phenotypic selection of appreciable intensity. We then
used a paired t-test to test the null hypothesis that the
notional phenotypic selection for height growth rate was
ineffective, comparing the progeny-test mean heights of
progeny of notionally selected trees with that of notion-
ally unselected trees. We followed the same procedure
for diameter increment at 1.3 m (note that the pairs
were not the same in each case, as the tallest tree did
not always have the highest diameter). Trees were
paired only within populations because temperature and
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rainfall differences between collection sites would have
vitiated between-population pairing.

As possible errors in age estimation imply errors in
growth increment estimation, we repeated the above
pairing process using the actual height and diameter of
the mother-trees, rather than the estimated increments.
This approach has the drawback of confounding size dif-
ferences due to age with size differences due to growth
rate.

Stem forking

WEBER et al. (2009) reported that there was no overall
difference in forking incidence between progeny of
selected and random trees. However, as not all random
trees were forked, this finding did not establish conclu-
sively that selection against forking is ineffective. Here,
using an unpaired t-test, we compare the overall proge-
ny-test progeny mean forking incidence for all forked
trees versus all unforked trees, regardless of whether
the latter were random or selected trees. In addition, we
carried out an analysis following the same within-popu-
lation pairing procedure as for growth, on the assump-
tion that environment could affect the tendency to fork
and could therefore usefully be corrected for.

Tree isolation

We compared the height and diameter means of proge-
ny of isolated mother-trees with those of mother-trees
from groups of > 50 conspecifics. On the assumption that
the environmental factors used for pairing in the case of
growth variables would not affect selfing rate, no pair-
ing was carried out for this case. Consequently, the null
hypothesis was tested using an unpaired t-test.

Results

Selection for growth rate

We were able to identify 13 pairs for height and diam-
eter increments, 14 pairs for height, and 13 for diame-
ter. Although there were appreciable differences in phe-
notypic means of notionally selected and notionally uns-
elected mother-trees, the means of progeny of the two
groups were the same or similar, and not significantly
different (Table 1).

Table 1. — Means of growth variables of notionally selected and unselected mother-trees of Calycophyllum spruceanum and their

progeny?.

Variable Mean phenotypic
superiority”
(sd) of notionally

sclected mother-

Mean % phenotypic
superiority (sd) of
notionally selected

maother-trees

Grand progeny-
iest mean (sc) of

notionally sclected

Significance of
difference between
progeny of notionally
sclected and nnselected

Grand progeny-test
mean (sc) of progeny
of notionally
unsclected mother-

progeny of

trees mother-trees irees irees
Height increment {m) .13 (1.00) 134.3%4 (164.9%) 63 (021190 vr) 6.0(0.13) (L35 vn) t—= 1.0 (P-0.17, DF-12)
Ihameter increment 1.5(1.2) 84.3% (96.8%) Q.0 (03) (8.5 yr) 9.0 (0.2 (12.8yn) test unnecessary
{cm)
Height (im) 6.0{4.6) 76.8% (74.6%) 6.2 (0.18) 6.1 (0.17) t—0.42 (P34, DF-13)
| hameter 9.9 (4.8) 56.5% (38.5%) 8.8 (0.3) A3 test unnecessary

agd =standard deviation, se=standard error, t=t-ratio for difference between means of progeny of notionally selected and
notionally unselected mother-trees, P=one-tailed probability of the value of t under the null hypothesis, DF =degrees of freedom;
bi.e. [E[xs—xu]]/n, where, in a given pair, x_ is phenotypic value of the notionally selected tree and x is phenotypic value of the

notionally non-selected tree, n is number of pairs.
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Forking

The mean forking incidence of progeny of all unforked
trees was 0.18 (s.e.=0.01, N=95), whereas the mean
forking incidence of progeny of all forked trees was 0.20
(s.e.=0.04, N=23) (t=0.62, DF 26.6, P=0.27 (t-test
adjusted for inequality of variance)).

Six forked/unforked pairs with the same values of the
environmental variables were identified across the vari-
ous populations. In the case of these paired trees, the
mean forking incidence of progeny of forked trees was
0.20 (s.e.=0.06), whilst the mean forking incidence of
progeny of unforked trees was 0.22 (s.e.=0.06). The dif-
ference was non-significant (t=0.232, DF =5, P=0.83).

Tree isolation

There were 24 isolated trees and 30 trees in groups
with > 50 conspecifics. The mean heights and standard
errors of progeny of isolated and non-isolated trees were
the same (6.2 m, s.e.=0.1). Diameter means were also
the same (9.0 cm, s.e.=0.17, 0.16 respectively for isolat-
ed and non-isolated trees).

Discussion

As phenotypic selection for growth rate in plantations
is generally effective (CORNELIUS, 1994), selection in nat-
ural forest might be expected to be successful in two sit-
uations: when the phenotypic variation caused by envi-
ronmental or age effects is of similar magnitude to that
in plantations, or when such variation can be taken into
account by selecting within relatively environmentally
homogenous conditions. Our results suggest that the
approaches to reducing age-related and environmental
variation that we have modelled here are unlikely to be
successful. There is no obvious solution to this problem.
Conceivably, relative age of candidate-trees could be
assessed by evaluation of growth rings, but the problem
of accounting for the multiple sources of spatial and
temporal environmental variation would remain. It is
almost inevitable that trees of different ages will have
experienced different environmental conditions at com-
parable ages (e.g. of rainfall, dry season length, brows-
ing incidents) even if there are no spatially correlated
environmental differences between them, and it is diffi-
cult to see how such differences can even be known, let
alone adjusted for. Even in even-aged stands on relative-
ly uniform sites, within- and between-species competi-
tion and other biotic interactions are likely to lead to
environmentally caused variation of much greater mag-
nitude than seen in evenly-spaced, managed planta-
tions.

Our results suggest that there is little to gain from
avoiding forked trees in seed collection of natural stands
of C. spruceanum. The simplest explanation for this
finding would be that forking is not due to genetic fac-
tors, but directly to environmental effects such as biotic
or abiotic mechanical damage. This explanation ignores
the possibility that response to mechanical damage
could have a genetic component. If this is the case, then
whereas forked trees are those that have been mechani-
cally damaged but have not responded by regaining api-
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cal control, unforked trees have either not been subject-
ed to the sort of factors that have caused the forked
trees to fork, or they are trees that have responded to
such factors by regaining or never losing apical control.
This interpretation does not affect the conclusion that
there is little point in avoiding forked trees. But it does
also suggest that, in other situations, it may be possible
to select against forking, i.e. by applying artificial
mechanical damage to each tree. Such a strategy has
been suggested in screening for tolerance to Hypsipyla
shoot-borer damage in Meliaceae (NEWTON et al., 1996;
CoRNELIUS, 2009). However, such techniques are only
feasible with relatively small trees in an experimental
setting and are not directly relevant to the present con-
text.

Finally, our results indicate that progeny of isolated
trees are not slower growing than progeny of trees grow-
ing close to conspecifics. This suggests that either
C. spruceanum is self-incompatible, or, if self-compati-
ble, that the distance between trees in C. spruceanum is
not correlated with selfing rates, or that selfing does not
lead to inbreeding depression.

Our results can to some extent be extrapolated to
other species, particularly in the case of growth and
forking. In the former, it seems likely that the environ-
mental and age factors that we have invoked to explain
the ineffectiveness of selection are as likely to be as pre-
sent in other species as in C. spruceanum. In the case of
forking, our results are most applicable to other species
with similar architectural patterns. They have little rel-
evance to species that usually or commonly produce
multiple leaders or to situations where all trees have
been exposed to mechanical damage and where there-
fore all unforked trees are trees that have recovered or
maintained apical control, as opposed to being
“escapees”. Shoot-borer attack in Meliaceae, which often
approximates 100% in young plantations, is one such
case. Finally, the effect of mother-tree isolation on prog-
eny performance depends on interactions between spa-
tial distribution, pollinator type, breeding systems, and
response to inbreeding. Our results on this aspect there-
fore have little generality beyond the specific case pre-
sented (i.e. C. spruceanum). They do, however, suggest
that isolated trees of this species should not automati-
cally be discounted from inclusion in breeding pro-
grammes and as seed sources.

Our findings have implications for the use of pheno-
typic selection in agroforestry. First, seed collectors and
tree improvers should in general not stress tree size or
growth rate when selecting in structurally complex nat-
ural tropical forest. In both cases, time and funds would
be better expended in selecting more trees (for a wider
genetic base to facilitate genotypic selection via progeny
testing) or, possibly, in looking for trees superior in other
traits with higher degrees of genetic control (e.g. wood
density) (SOTELO MONTES et al., 2006). Second, both seed
collectors and tree improvers should bear in mind that a
forked tree may simply be exhibiting the same response
to mechanical damage or some other factor that
unforked trees would be exhibiting had they been so
damaged. We would not argue, on this justification, that
the absence of forking should no longer be used as a



selection criterion. However, if a given tree were of
unusually good phenotype in other respects, then we
would recommend collecting from it if comparable
unforked trees were not available. Similarly, in the case
of C. spruceanum, spatially isolated trees of unusually
good phenotype should be included in collections — for
both seed supply and in tree improvement. In both cases
(forking and isolation) we would argue that avoiding
otherwise highly superior trees that are forked or isolat-
ed is more likely to result in omission of a superior geno-
type than in “congenitally forked” offspring or offspring
with inbreeding depression. However, in both these
cases, prudence should dictate that our findings should
only modify current practice when comparable unforked
or non-isolated trees are not available. Even in the case
of selection for growth, our results need to be applied
judiciously and should not be wused to legitimize
unscrupulous or poor seed collection practice, e.g. from
obviously stunted or deformed trees with heavy seed
production.

Acknowledgments

The logistical support of INIA (National Institute for
Agricultural Research, Peru) and the financial support
provided by the European Union and the World Bank
are gratefully acknowledged.

References

Bawa, K. S. (1974): Breeding systems of tree species of a
lowland tropical community. Evolution 28: 85-92.

CORNELIUS, J. P. (1994a): The effectiveness of plus-tree
selection for yield. For Ecol Manage 67: 22—-34.

CORNELIUS, J. P. (1994b): Heritabilities and additive
genetic coefficients of variation in forest trees. Canadi-
an Journal of Forest Research 24: 372-379.

CORNELIUS, J. P. (2009): The utility of the predictive
decapitation test as a tool for early genetic selection for
Hypsipyla tolerance in big-leaf mahogany (Swietenia
macrophylla King). For Ecol Manage 257: 1815-1821.

GIGORD, L., C. LAVIGNE and J. A. SHYKOFF (1998): Partial
self-incompatibility and inbreeding depression in a
native tree species of La Réunion (Indian Ocean):.
Oecologia 117: 342-352.

ITTO (International Tropical Timber Organization (2005):
Status of tropical forest management 2005. Country
report: Peru. www.itto.int/en/sfm_detail?id=1801.
Accessed 29 June 2009.

LEDIG, F. T. (1974): An analysis of methods for the selec-
tion of trees from wild stands. Forest Sci 20: 2-16.

LEMES, M. R., D. GRATTAPAGLIA, J. GROGAN, J. PROCTOR
and R. GRIBEL (2007): Flexible mating system in a
logged population of Swietenia macrophylla King (Meli-

DOI:10.1515/sg-2011-0027
edited by Thinen Institute of Forest Genetics

Cornelius et. al.-Silvae Genetica (2011) 60-5, 205-209

aceae): implications for the management of a threat-
ened neotropical tree species. Plant Ecol 192: 169-179.

MESEN, J. F., D. H. BosHIER and J. P. CORNELIUS (1994):
Genetic improvement of trees in Central America, with
particular reference to Costa Rica, pp 249-255. In:
Tropical Trees: the potential for domestication and the
rebuilding of forest resources, edited by R. R. B. LEAKEY
and A. C. NEwToN, HMSO, London.

MORGENSTERN, E. K., M. J. HorLst, A. H. TEICH and
C. W. E. YEATMAN (1975): Plus-tree selection: review
and outlook. Canadian Forest Service Publication 1347.
Ottawa, Ontario.

MuLAWARMAN, dJ. R. ROSHETKO, S. M. SASONGKO and
D. IrianTO (2003): Tree seed management — seed
sources, seed collection and seed handling: a field man-
ual for field workers and farmers. International Centre
for Research in Agroforestry and Winrock International,
Bogor, Indonesia.

MURAWSKI, D. A. and J. L. HAMRICK (1991): The effect of
density of flowering individuals on the mating systems
of nine tropical tree species. Heredity 67: 167—174.

Murawski, D. A. and J. L. HAMRICK (1992): The mating
system of Cavanillesia platanifolia under extremes of
flowering tree density: a test of predictions. Biotropica
24:99-101.

Navarro, C. M. and G. HERNANDEZ (2004): Progeny test
analysis and population differentiation of Mesoameri-
can mahogany (Swietenia macrophylla). Agronomia
Costarricense 28: 37-51.

NEwTON, A. C., J. P. CornELIUS, F. MESEN and R. R. B.
LEAKEY (1995): Genetic variation in apical dominance of
Cedrela odorata seedlings in response to decapitation.
Silvae Genet 44: 2-3.

ReyNEL, C., T. D. PENNINGTON, R. T. PENNINGTON,
C. FLORES and A. DAzA (2003): Arboles ttiles de la Ama-
zonia peruana y sus usos, Universidad Nacional Agraria
La Molina, Lima.

SOTELO MONTES, C. and J. C. WEBER (1997): Priorizaciéon
de especies arbéreas para sistemas agroforestales en la
selva baja del Peru. Agroforesteria en las Américas 4:
12-17.

SOTELO MONTES, C., H. VIDAURRE and J. C. WEBER (2003):
Variation in stem-growth and branch-wood traits
among provenances of Calycophyllum spruceanum
Benth. from the Peruvian Amazon. New Forest 26:
1-16.

SOTELO MONTES, C., R. HERNANDEZ, J. BEAULIEU and J. C.
WEBER (2006): Genetic variation and correlations
between growth and wood density of Calycophyllum
spruceanum Benth. at an early age in the Peruvian
Amazon. Silvae Genet 55: 217-228.

WEBER, J. C., C. SOTELO MONTES, J. UGARTE and A. J.
SIMONS (2009): Phenotypic selection of Calycophyllum
spruceanum on farms in the Peruvian Amazon: evaluat-
ing a low-intensity selection strategy. Silvae Genet 58:
172-179.

209





