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ABSTRACT
It remains unknown whether there are available gall rust resistant seed sources of
Falcata (Falcataria moluccana (Miq.) Barneby & J.W.Grimes) in the country or elsewhere.
This study was conducted to obtain baseline data for future progeny selection of gall rust
resistant clones of Falcata in the region. The objectives were to determine whether there are
available seed sources or mother trees in the region that are resistant to gall rust, and whether
gall rust infection has negative effects on the growth of Falcata. The trial (with 130 mother
trees as treatments and four replications) was assessed in November 2020- or five-years
following establishment in 2015. Mean percent incidence (15.0 ± 5.0% to 80.0 ± 14.1%) and
severity (3.75 ± 1.25%) to 35.0 ± 16.95%) of gall rust varied significantly among treatments
indicative of genetic diversity among mother trees. The incidence ranged from ‘occasional’ to
‘widespread’ while severity ranged from ‘low’ to ‘high’ with mother trees 99 (Mutia,

Zamboanga del Norte) and 106 (Magsaysay, Baliangao, Misamis Occidental) emerged as the
most resistant of all. Height and diameter were positively related to gall rust incidence and
treatments only, although none of the mother trees with resistant traits had superior growth.
There was however indication of growth and disease tolerance tradeoff where trees with higher
gall rust incidence tend to grow bigger perhaps to compensate for any negative impacts from
gall rust infection.
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1.0 RATIONALE
Commercial tree plantations, commonly referred to as Industrial Tree Plantations
(ITPs), are important sources of wood and income for wood industries and tree farmers in the
Asian region beside other important functions for the environment such as carbon
sequestration and soil protection. However, the monoculture-type of planting of commercial
tree plantations often expose them to disease infestation or outbreak especially from diseasecausing parasites that are usually restricted to parasitizing a few or single host family, genus,
or species. Falcata (Falcataria moluccana (Miq.) Barneby & J.W.Grimes), for instance, is the
only known host plant to falcataria gall rust fungus (Uromycladium falcatarium sp. nov.
Doungsa-ard, McTaggart & Shivas) (Doungsa-ard et al., 2015). This fungus is identified as
closely related to acacia gall rust fungus (U. tepperianum (Sacc.) McAlpine), which has over
100 known host plants although mostly from Mimosoideae clade (Morris, 1987).
Uromycladium falcatarium is distinguished from other Uromycladium species by the presence
of three one-celled fertile teliospores on the pedicel (McAlpine, 1905 as cited by Doungsa-ard
et al., 2015). The germination percentage of U. falcatarium spores was observed to reach up
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to 100% just within three hours from infection (Rahayu et al., 2020). The typical symptoms
of rust fungus include a "rust-coloured" (often orange or yellow) pustule on plant shoots or
leaf, petiole and rachis deformation, die-back of seedlings, stunting of affected trees or death
in more extreme cases (e.g. massive defoliation of tree crowns) (McKenzie, 1998; McTaggart
et al., 2015; Rahayu et al., 2018). The devastating impact of U. falcatarium infestation in
Falcata plantations has been reported in Malaysia and Indonesia (Rahayu et al., 2010), and
Timor-Leste (Old & Dos Santos Cristovao, 2003). The disease was first detected in the
Philippines in 1988 and since then the control measures are limited to removal of infected
trees or cessation of planting of Falcata in high elevation areas (i.e., >250 m above sea level)
(Anino, 1994; Braza, 1997) as incidence/severity of the disease is known to increase with
elevation.
Like other countries in the south-east Asia, the Philippines is heavily dependent on
commercial tree plantations for wood, which means that the impact of disease infestation on
wood production has wide-ranging effects both for the economy and livelihood of smallholder tree plantation farmers. About 82% of wood production in the country are coming from
commercial tree plantations especially Falcata as part of the Philippine government’s
management effort to reduce pressure on remaining natural forests. Falcata is a valuable multipurpose tree species, and with the moratorium on the cutting and harvesting of timber in
natural and secondary forests in the Philippines (cf. Executive Orde No. 23), most wood
industries especially in Mindanao have been utilizing wood mainly from Falcata tree
plantations to produce lumber, veneer, and plywood (PCAARRD, 2010). In terms of exports,
Falcata lumber comprises the bulk or 72% of the country’s forest-based exports (PCAARRD,
2010).
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Most tree plantations in the country even overseas (cf. Baird, 2014; Lugo, 1997;
Semwal et al., 2013) are established in degraded lands to facilitate forest successions or where
cultivation of agricultural crops is not anymore suitable and profitable to farmers. Such
practice along with the vulnerability of monocultures to disease infestation is likely
responsible for the country’s poor wood production rate from tree plantations that is below the
national and global standards. Wood production rate in the country is only about 632,574 m3
or 0.006 m3 per capita (Forest Management Bureau-DENR, 2019), which is about twice lower
than the world’s average production rate of 0.5 m3 per capita (Bruinsma, 2002).
It remains unknown whether there is available gall rust resistant Falcata population or
seed sources in the country. Such resistant population or seed sources is critical for long-term
breeding program and in reducing gall rust impacts in Falcata plantations. Moreover, current
knowledge is also not clear whether gall rust infestation in Falcata plantations has negative
impact on growth to warrant a massive effort especially in breeding for resistance. Previous
experience with other rust diseases of major plantation species in Australia and India indicates
that without selection for resistant traits, breeding programs could result in highly susceptible
population of trees (Old et al., 2000).
This study was conducted to assess the incidence and severity of gall rust disease in a
Falcata plantation established from a select number of mother trees or a total of 130 seed
sources in Mindanao. Specifically, the objectives of the study were to determine: 1) whether
there are available seed sources or mother trees in the region that are resistant to gall rust, and
2) whether gall rust infection has negative effects on the growth of Falcata. The results of this
study will provide a benchmark for future selection of resistant clones and to achieve
maximum productivity.
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2.0 METHODOLOGY
2.1 Study Site
This study was conducted in November 2020 in an existing Falcata progeny trial
established in 2015 within Central Mindanao University landholding in Musuan, Bukidnon,
Philippnes (07° 52’ 51’’ North and 125° 03’ 48” East) (Figure 1). The study site which is
about three hectares has an elevation of around 600 m above sea level. The area had an average
annual rainfall of 6.18 mm based on the four-year climate data (2017-2020) from the nearest
weather station. The mean annual temperature ranged from 19.890C to 33.800C, while relative
humidity ranged from 90.86% to 92.85%.

Figure 1. Location of the Falcata field trial in Musuan, Maramag, Bukidnon.

2.2 Sampling design

5

The Falcata progeny trial was established in a randomized complete block design
(RCBD) (Appendix Figure 1) with progenies of 130 different mother trees (as treatments)
from 36 different locations in Mindanao (Table 1). Mother trees from the same origin were
treated as different treatments in this study as they were kilometers away (at least 2 kilometers
away) from each other. The treatments were replicated four times with each treatment or
mother tree consisted of five trees. A total of 2,600 Falcata trees were assessed in the study
excluding three rows of buffer trees around the trial. The plantation has a 2 m x 3 m spacing
and because of this proximity, each replication was divided into 13 plots to facilitate the
measurement of incidence and severity of gall rust disease on a per plot basis. Each plot had
a dimension of 10 m x 30 m and covered a total of 50 Falcata trees with a random mix of
different mother trees.

Table 1. Place of origin of the different mother trees in the Falcata progeny trial in CMU, Musuan,
Bukidnon. The number in the first column represent the number code of each mother tree in the
trial. Note that mother trees from the same origin were treated as different treatments in this study
as they were kilometers (at least 2 kilometers) away from each other.
Origin
Mother Tree
1
Brgy. Rawari Kitaotao Bukidnon
2
Brgy. Rawari Kitaotao Bukidnon
3
Brgy. Rawari Kitaotao Bukidnon
4
Brgy. Rawari Kitaotao Bukidnon
5
Dalirig, Manolo Fortich, Bukidnon
6
Dalirig, Manolo Fortich, Bukidnon
7
Dalirig, Manolo Fortich, Bukidnon
8
Miaray, Dancagan, Bukidnon
9
Dalirig, Manolo Fortich, Bukidnon
10
Dalirig, Manolo Fortich, Bukidnon
11
Dalirig, Manolo Fortich, Bukidnon
12
Dalirig, Manolo Fortich, Bukidnon
13
Miaray, Dancagan, Bukidnon
14
Miaray, Dancagan, Bukidnon
15
Dalirig, Manolo Fortich, Bukidnon
16
Dalirig, Manolo Fortich, Bukidnon
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Himaya Colambugon, Maramag, Bukidnon
Himaya Colambugon, Maramag, Bukidnon
Himaya Colambugon, Maramag, Bukidnon
Himaya Colambugon, Maramag, Bukidnon
Guinoyoran, Valencia City Bukidnon
Miaray, Dancagan, Bukidnon
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Minsapinit, Gingoog City Misamis Oriental
Minsapinit, Gingoog City Misamis Oriental
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Guinoyoran, Valencia City Bukidnon
Maribucao, Gingoog City Misamis Oriental
Tagpako, Gingoog City Misamis Oriental
Minsapinit, Gingoog City Misamis Oriental
Minsapinit, Gingoog City Misamis Oriental
Minsapinit, Gingoog City Misamis Oriental
Kabulakan, Balingoan Misamis Oriental
Kabulakan, Balingoan Misamis Oriental
Kabulakan, Balingoan Misamis Oriental
Mapua, Talisayan Misamis Oriental
Mapua, Talisayan Misamis Oriental
Mapua, Talisayan Misamis Oriental
Mimbunga, Gingoog city Misamis Oriental
Bangbang, Medina Misamis Oriental
Hubang, San Francisco Agusan del Sur
Hubang, San Francisco Agusan del Sur
Hubang, San Francisco Agusan del Sur
Sukailang, Surigao del Norte
Sukailang, Surigao del Norte
Sukailang, Surigao del Norte
Sukailang, Surigao del Norte
San Jose, Prosperidad, Agusan del Sur
San Jose, Prosperidad, Agusan del Sur
Hubang, San Francisco Agusan del Sur
Hubang, San Francisco Agusan del Sur
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

Hubang, San Francisco Agusan del Sur
Poblacion, Prosperidad Agusan del Sur
Poblacion, Prosperidad Agusan del Sur
Poblacion, Prosperidad Agusan del Sur
Poblacion, Prosperidad Agusan del Sur
San Vicente, Bislig City Surigao del Sur
San Vicente, Bislig City Surigao del Sur
San Vicente, Bislig City Surigao del Sur
San Vicente, Bislig City Surigao del Sur
San Vicente, Bislig City Surigao del Sur
Maharlika, Bislig City Surigao del Sur
New Bataan, Compostela Valley
New Bataan, Compostela Valley
Mawab Compostela valley
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
San Isidro Davao Oriental
Tubac, Mutia Zamboanga del Norte
Tubac, Mutia Zamboanga del Norte
Tubac, Mutia Zamboanga del Norte
Tubac, Mutia Zamboanga del Norte
Tubac, Mutia Zamboanga del Norte
Mutia, Zamboanga del Norte
Mutia, Zamboanga del Norte
Sibula, Lopez Jaena Mis. Occ.
Sibula, Lopez Jaena Mis. Occ.
Sibula, Lopez Jaena Mis. Occ.
Sibula, Lopez Jaena Mis. Occ.
Sibula, Lopez Jaena Mis. Occ.
Sibula, Lopez Jaena Mis. Occ.
8

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

Poblacion, Mutia Zamboanga del Norte
Mahayahay Lopez Jaena, Mis. Occ.
Mahayahay Lopez Jaena, Mis. Occ.
Dampalan Lopez Jaena Mis. Occ.
Tuyabang Alto, Oroqueta City
Pulanco, Zamboanga del Norte
Pulanco, Zamboanga del Norte
Magsaysay, Baliangao Mis. Occ.
Magsaysay, Baliangao Mis. Occ.
Magsaysay, Baliangao Mis. Occ.
Misom, Baliangao Mis. Occ.
Misom, Baliangao Mis. Occ.
Misom, Baliangao Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Masubong, Sapang Dalaga, Mis. Occ.
Dapacan Calamba Misamis Occidental
Dapacan Calamba Misamis Occidental
Dapacan Calamba Misamis Occidental
Dalirig, Manolo Fortich, Bukidnon
Dalirig, Manolo Fortich, Bukidnon
Minsapinit, Gingoog City Misamis Oriental
Liloy, Zamboanga Sibugay
Liloy, Zamboanga Sibugay
Liloy, Zamboanga Sibugay
Liloy, Zamboanga Sibugay
Bunawan, Agusan del Sur

2.3 Gall rust incidence and severity assessment
All trees in each plot in the four blocks were assessed and inspected for the presence
of gall rust fungus in the main stem, branches, and shoots. The percent incidence of gall rust
disease was then computed for each plot by counting the total number of infected trees, divided
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by the total number of trees per plot and multiplied by 100. The incidence status was
determined using the rating scale used by Palma et al. (2020) (Table 2).

Table 2. Rating scale for gall rust disease incidence per plot.
Percent Incidence
Status
<10
Rare
10 - <25
Occasional
25 - <50
Common
50 - <75
Very common
>75
Widespread

The severity of gall rust disease or the percent area of the whole tree infected by the
disease was estimated using a scoring and rating system (Table 3) previously used by
Lacandula et al. (2017) and Łakomy and Iwańczuk (2010).
Percent severity index of the disease was computed using the following equation:

𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =

𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑟𝑎𝑡𝑖𝑛𝑔
𝑥 100
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑎𝑡𝑖𝑛𝑔𝑠 X 𝑚𝑎𝑥. 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑔𝑟𝑎𝑑𝑒

Table 3. Rating scale of gall rust severity per tree.
Rating
Percentage of crown with galls
0
No symptoms
1
< 10%
2
ll-25 %
3
26-60%
4
> 60%

Qualitative Rating
Nil
Low
Moderate
High
Critical
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The assessment of gall rust incidence and severity in taller trees was conducted with
the aid of binoculars (Figure 2).

Figure 2. Gall rust assessment in the Falcata field trial in Musuan, Maramag,
Bukidnon. Inset (top right) is a photo of globose and elongated galls that
formed on infected branches.

2.4 Growth parameters measurement
Total height (m) and diameter at breast height (dbh, cm) of all trees in each plot were
measured using a clinometer and diameter tape, respectively. The volume of each tree
expressed in cubic meters was then computed using the following equation:
Tree volume (m3) = 0.7854 x [dbh (m)]2 x total height (m)

2.5 Data analysis
Differences in the percentages of gall rust disease incidence and severity due to the
effect of mother trees (treatments) were assessed using generalized linear mixed-effects model
(GLMM) with a binomial distribution and default logit link function, applying the glmmTMB
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function in glmmTMB package (Brooks et al., 2017). The number of blocks or replicates were
included as random effects in the GLMM models. To test the significance of the parameter in
each model, a Wald Chi-squared test in car package (applying the Anova function) was carried
out. Post hoc tests were conducted using the emmeans package (Lenth, 2018). All statistical
analyses were performed in R software (R Core Development Team, 2018).
Differences in growth parameters (i.e., dbh, total height, and volume) of trees due to
mother trees, gall rust disease incidence and severity were modelled using linear mixed effect
models (LMMs), applying the lmer function in lme4 package, with plots nested in replications
as random effects. Volume data were log transformed prior to analysis to improve the residual
fit of the model. Significance of the parameters in the LMM models was assessed using a
Wald Chi-squared test and post hoc tests were conducted using the emmeans package.
3.0 RESULTS & DISCUSSION
3.1 Gall rust disease incidence
Mean percent incidence of gall rust disease varied among treatments (W2[129] = 191.53,
P<0.001) and ranged from 15.0 ± 5.0% to 80.0 ± 14.1% or from an occasional to widespread
incidence among treatments (Figure 3). Most trees or about 94% (i.e., 122 out 130 mother trees)
had common to very common incidence. The occasional incidence of gall rust in the study was
observed in trees from mother trees number 48 (15.0 ± 9.57%), 99 (15.0 ± 5.0%), and 106 (15.0 ±
9.57%). On the other hand, the widespread incidence of gall rust disease was recorded in trees
from mother trees number 30 (80.0 ± 8.2%), 74 (80.0 ± 8.2%), and 108 (80.0 ± 14.1%). The
minimum incidence recorded in this study (i.e. 15.0 ± 5.0%) was lower than the minimum
incidence reported by Palma et al. (2020) for Falcata plantations in Misamis Oriental (Philippines)
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and by Lestari et al. (2013) for Falcata stands in Indonesia, which had mean incidence of 47% and
20.99 to 47.22% among trees examined, respectively.
Although the study site is located in an elevation (600 m asl) considered as prone to gall
rust incidence (Lacandula et al., 2017; Paquit & Rojo, 2018), some trees still showed resistance to
gall rust disease. Post hoc test revealed significant differences between trees with occasional and
widespread incidence (Appendix Table 1), which may indicate resistance to gall rust infection
particularly among trees with occasional incidence. These mother trees can be exploited for future
breeding of resistant clones of Falcata in Mindanao, although it is possible that different mother
trees from different sources or origins may vary in their susceptibility even if they are not
completely resistant (Baskorowati et al., 2012). However, even partial resistance to the disease is
critical to reduce the infections by the pathogen, increase the latency period, reduce the lesion
expansion or sporulation, or any combination of these processes (Gullino et al., 2020).
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Figure 3. Mean gall rust disease incidence (%) in the Falcata progeny trial in Musuan,
Bukidnon as influenced by mother trees. Numbers in red color represent the mother trees
with the widespread (30, 74, and 108) and occasional (48, 99, 106) incidence level. Error
bars represent ± SE.
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3.2 Gall rust disease severity
Mean percent gall rust severity among treatments in the study ranged from low (3.75
± 1.25%) to high severity (35.0 ± 16.95%) with most of the trees or more than 72% (i.e., 94
out of 130 mother trees) had moderate severity. Similar to incidence data, the severity of gall
rust varied significantly among treatments (W2[129] = 1512.76, P < 0.001) (Figure 4), which
also highlights the important influence of mother trees against gall rust infestation. Such
variation is probably due to differences in the susceptibility of different mother trees in the
trial – a likely indication of high genetic diversity among treatments. Low genetic diversity
usually lead to a very ‘high’ or ‘critical’ gall rust disease infestation of all trees as observed in
Falcata plantations elsewhere (cf. Rahayu et al., 2009).
In the present study, the lowest mean percent severity was observed in trees from
mother trees number 34 (5.00 ± 3.54%), 99 (3.75 ± 1.25%), and 106 (3.75 ± 2.39%). While
the trees with high mean gall rust severity were observed from mother trees number 3 (35.0 ±
16.95%), 74 (35.0 ± 16.71%), and 81 (35.0 ± 12.25%). Interestingly, the severity observed in
the study had not reached the critical level and was even lower than the severity reported by
Rahayu et al. (2018) for Falcata plantations in Malaysia (10 to 80%). The result was
comparable to the severity level (10.29 to 20.99%) of gall rust in Falcata-based agroforestry
systems in Indonesia reported by Lestari et al. (2013) perhaps due to diversity of species
planted which reduced the infection by the pathogen.
Aside from host and pathogen, environmental factors both aerial and edaphic have
traditionally been considered to have the major impact on disease development (Keane &
Kerr, 1997). Factors including topography, fog, age, altitude, humidity, and wind speed
greatly influence the incidence and severity of gall rust (Rahayu et al., 2018). However, in
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this study, environmental factors may be similar since all samples were taken in one site. The
variation in the severity of gall rust per mother tree can therefore be attributed to susceptibility
or resistance of mother trees to the gall rust causing pathogen.
The most consistent mother trees in the present study in terms of low incidence and
severity of gall rust infection were tree number 99 and 106, suggesting the more superior
resistant traits of these mother trees against gall rust disease infection. These mother trees can
be exploited in the long-term breeding for resistant clones of Falcata. Experience in other
countries (e.g. Australia and India) with gall rust diseases in major plantation species suggests
that without selection for resistant traits, breeding programs could result in highly susceptible
population of trees (Old et al., 2000).
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Figure 4. Mean gall rust disease severity (%) in the Falcata progeny trial in
Musuan, Bukidnon as influenced by mother trees. Numbers in red color
represent the mother trees with high (3, 74, and 81) and low (34, 99, 106)
severity level. Error bars represent ± SE.
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3.3 Influence of gall rust disease incidence, severity, and mother trees on growth
Total log(volume) (in cubic meters) of individual trees in the trial differed significantly but
was due to the influence of gall rust incidence only (W2[1] = 16.56, P<0.001). There were no
significant variations in tree log(volume) associated with treatments (W2[1] = 141.33, P= 0.216) or
gall rust severity (W2[1] = 3.71, P=0.054). Data on tree height and absolute diameter varied
significantly due to treatments (W2[129] = 177.26, P=0.003) and gall rust incidence (W2[1] = 16.51,
P<0.001). The severity of gall rust had also no significant effect on tree height (W2[129] = 2.90,
P=0.089) and absolute diameter (W2[129] = 3.24, P=0.072).
Surprisingly, none of the mother trees that indicated resistant traits against gall rust
infection had superior growth. Among the treatments, mother trees number 24 (Guinoyoran,
Valencia City, Bukidnon), 35 (Tagpako, Gingoog City, Misamis Oriental), and 93 (Sibula, Lopez
Jaena, Mis. Occ.) had the more superior height growth (Figure 5a), while mother tree number 35
had the more superior diameter growth of all (Figure 5b). All these mother trees however had ‘very
common’ incidence of gall rust infection that ranged between 50 ± 5.8% and 55 ± 20.6%
suggesting that gall rust infection is not a concern for growth of mature Falcata trees. This result
is supported by the relationship between growth parameters (volume, height and dbh) and
incidence data, which indicated positive or better growth even at higher incidence of gall rust
disease (Figure 6). While the influence of genetic diversity or variation in the present study still
need to be verified, the result is consistent with the study of Baskorowati et al. (2012) that found
strong positive relationship between growth (including diameter) and gall rust incidence in Falcata
plantations in Indonesia. Baskorowati et al. (2012) explained that the positive relationship between
growth and gall rust incidence in their study was likely due to the observed genetic variations
among trees that included 80 families or mother trees. On the other hand, it is also likely that such
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positive relationship is indicative of the presence of growth and disease tolerance tradeoff i.e., trees
need to grow bigger or better to compensate for any negative impacts from gall rust infection.
However, this aspect needs to be assessed further via long-term observations of growth against the
effect of gall rust disease as results in other studies (e.g. Lacandula et al., 2017; Rahayu et al.,
2018) indicated negative relationship between incidence and diameter growth, although such
differences are likely due to variations in age or density of planting. Previous studies observed gall
rust disease to be host density dependent i.e., where the host is densely planted, incidence of mature
trees could be up to 100% with severity increasing exponentially with increasing tree size (Wood,
2012). Nonetheless, the results of the study suggest that height or diameter at breast height may be
used as criteria for selection of mother trees or provenances that are resistant against gall rust
infection.
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(a )

( b)

Figure 5. a) Mean total height (m) and b) mean diameter at breast height (cm) of
Falcata trees from different mother trees. Also indicated are the mother trees with
superior growth (blue number) and mother trees with low and high gall rust
incidence (red number). Error bars represent ± SE.
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Figure 6. Fitted absolute growth of trees in the Falcata progeny trial in CMU as
influenced by gall rust incidence (%): a) volume (m 3), b) height (m), and c)
diameter at breast height (cm). The area shaded with gray represents 1 ± SD.
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4.0 CONCLUSIONS AND RECOMMENDATION
The study demonstrated significant variations in incidence and severity of gall rust
disease among the mother trees including the presence of gall rust resistant traits in trees with
low incidence and severity of gall rust infection. Such variation was an indication of genetic
diversity among mother trees in the study. Trees from mother trees number 99 (Poblacion
Mutia, Zamboanga del Norte) and 106 (Brgy. Magsaysay in Baliangao, Misamis Occidental)
emerged as the most resistant of all trees in the trial and can be exploited for future breeding
of resistant clones. Apart from these trees, a few more mother trees viz., mother trees number
48 (Hubang, San Francisco Agusan del Sur) and 34 (Maribucao, Gingoog City Misamis
Oriental) also showed superior resistance to gall rust disease infection.
Growth performance (particularly height and diameter) was positively related to the
independent influence of gall rust incidence and treatments (or mother trees), although none
of the mother trees with resistant traits had superior growth. Among the treatments, mother
trees number 24 (Guinoyoran, Valencia City Bukidnon), 35 (Tagpako, Gingoog City Misamis
Oriental), and 93 (Sibula, Lopez Jaena Mis. Occ.) had the more superior height growth, while
mother tree number 35 had the more superior diameter growth of all. All these mother trees
had ‘very common’ incidence of gall rust infection suggesting that gall rust incidence is not a
concern for the growth of Falcata trees in the study. The result provided an indication of the
presence of growth and disease tolerance tradeoff where trees with higher gall rust incidence
tend to grow bigger perhaps to compensate for any negative impacts from gall rust infection.
However, this aspect needs to be assessed further via long-term observations (e.g., 10 years
or one rotation period) as results in other similar studies indicated negative relationship
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between incidence and growth parameters, although such differences are likely due to
variations in age or density of planting.
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7.0 APPENDICES
Appendix Table 1. Post hoc test results for the significant effect of treatments on gall rust
disease incidence.
Fam lsmean SE df lower.CL upper.CL
99 -1.95149 0.206 387 -2.6868 -1.2161
106 -1.78680 0.204 387 -2.5153 -1.0583
49 -1.60638 0.185 387 -2.2677 -0.9451
34 -1.56917 0.201 387 -2.2872 -0.8511
103 -1.37769 0.192 387 -2.0643 -0.6911
42 -1.34172 0.189 387 -2.0185 -0.6649
57 -1.28328 0.190 387 -1.9638 -0.6028
48 -1.14860 0.204 387 -1.8767 -0.4205
70 -1.11766 0.190 387 -1.7966 -0.4387
4 -1.10960 0.188 387 -1.7822 -0.4370
110 -0.95948 0.184 387 -1.6165 -0.3025
61 -0.94800 0.188 387 -1.6216 -0.2744
80 -0.92762 0.192 387 -1.6146 -0.2406
79 -0.92188 0.186 387 -1.5880 -0.2558
75 -0.90372 0.180 387 -1.5467 -0.2608
83 -0.89759 0.182 387 -1.5470 -0.2482
67 -0.86689 0.185 387 -1.5266 -0.2072
120 -0.85354 0.188 387 -1.5250 -0.1820
58 -0.80920 0.182 387 -1.4612 -0.1572
32 -0.78805 0.186 387 -1.4524 -0.1237
64 -0.76023 0.183 387 -1.4155 -0.1050
84 -0.75253 0.183 387 -1.4062 -0.0989
5 -0.74418 0.181 387 -1.3924 -0.0960
101 -0.70078 0.178 387 -1.3386 -0.0630
11 -0.65710 0.192 387 -1.3443 0.0301
111 -0.64617 0.177 387 -1.2805 -0.0118
88 -0.63756 0.184 387 -1.2965 0.0214
127 -0.61768 0.187 387 -1.2853 0.0500
115 -0.61011 0.182 387 -1.2623 0.0421
85 -0.60089 0.182 387 -1.2525 0.0507
12 -0.58830 0.183 387 -1.2437 0.0671
100 -0.57938 0.179 387 -1.2185 0.0598
37 -0.57288 0.179 387 -1.2142 0.0684
102 -0.56024 0.186 387 -1.2269 0.1064
65 -0.54081 0.179 387 -1.1820 0.1004
16 -0.53976 0.181 387 -1.1857 0.1061
54 -0.50211 0.182 387 -1.1542 0.1500
69 -0.47678 0.181 387 -1.1241 0.1705
31 -0.47403 0.181 387 -1.1206 0.1725
121 -0.44377 0.181 387 -1.0905 0.2030
33 -0.43332 0.181 387 -1.0795 0.2129
26

71 -0.41052 0.178 387 -1.0459
18 -0.40811 0.187 387 -1.0780
17 -0.38285 0.180 387 -1.0268
116 -0.37578 0.180 387 -1.0184
125 -0.37258 0.182 387 -1.0248
90 -0.35462 0.179 387 -0.9962
66 -0.34964 0.179 387 -0.9902
55 -0.34482 0.180 387 -0.9874
53 -0.32480 0.179 387 -0.9642
24 -0.29984 0.182 387 -0.9511
93 -0.28643 0.180 387 -0.9288
73 -0.26849 0.178 387 -0.9060
14 -0.25259 0.180 387 -0.8945
63 -0.25066 0.184 387 -0.9093
51 -0.22380 0.180 387 -0.8658
119 -0.19656 0.179 387 -0.8367
124 -0.19605 0.178 387 -0.8316
95 -0.18983 0.180 387 -0.8329
62 -0.18163 0.187 387 -0.8490
87 -0.18045 0.183 387 -0.8345
25 -0.17143 0.181 387 -0.8171
47 -0.16962 0.184 387 -0.8274
77 -0.16586 0.181 387 -0.8136
96 -0.15845 0.181 387 -0.8060
36 -0.14370 0.185 387 -0.8056
13 -0.13088 0.178 387 -0.7662
122 -0.12954 0.182 387 -0.7802
10 -0.12935 0.178 387 -0.7669
22 -0.12505 0.179 387 -0.7654
41 -0.12470 0.183 387 -0.7774
109 -0.12326 0.185 387 -0.7840
52 -0.10704 0.180 387 -0.7523
19 -0.09447 0.179 387 -0.7338
46 -0.09134 0.184 387 -0.7475
50 -0.07636 0.179 387 -0.7159
60 -0.07605 0.180 387 -0.7187
86 -0.06200 0.178 387 -0.6987
98 -0.05568 0.179 387 -0.6969
26 -0.05213 0.180 387 -0.6963
112 -0.04711 0.178 387 -0.6835
43 -0.04288 0.180 387 -0.6851
35 -0.03446 0.181 387 -0.6805
118 -0.02503 0.183 387 -0.6799
128 -0.01801 0.180 387 -0.6626
97 0.00972 0.180 387 -0.6340
68 0.02257 0.179 387 -0.6181

0.2248
0.2618
0.2611
0.2668
0.2796
0.2869
0.2909
0.2978
0.3146
0.3514
0.3559
0.3690
0.3893
0.4080
0.4182
0.4436
0.4395
0.4532
0.4857
0.4736
0.4742
0.4882
0.4819
0.4891
0.5182
0.5045
0.5211
0.5082
0.5152
0.5280
0.5374
0.5382
0.5448
0.5648
0.5631
0.5666
0.5747
0.5856
0.5921
0.5893
0.5993
0.6116
0.6298
0.6266
0.6534
0.6632
27

117 0.03374 0.179 387 -0.6075 0.6750
114 0.03580 0.178 387 -0.6014 0.6730
81 0.04874 0.181 387 -0.5994 0.6969
104 0.06423 0.178 387 -0.5723 0.7008
29 0.06536 0.184 387 -0.5929 0.7236
89 0.06700 0.178 387 -0.5703 0.7043
78 0.09425 0.181 387 -0.5525 0.7410
27 0.09551 0.181 387 -0.5514 0.7424
40 0.10389 0.179 387 -0.5359 0.7437
92 0.10721 0.179 387 -0.5311 0.7455
91 0.11925 0.183 387 -0.5362 0.7747
105 0.12218 0.178 387 -0.5144 0.7587
72 0.14952 0.180 387 -0.4942 0.7933
107 0.16057 0.180 387 -0.4813 0.8024
56 0.17601 0.181 387 -0.4699 0.8219
9 0.18625 0.179 387 -0.4526 0.8251
15 0.20997 0.182 387 -0.4405 0.8605
123 0.22989 0.178 387 -0.4078 0.8676
94 0.27160 0.180 387 -0.3724 0.9156
39 0.35323 0.180 387 -0.2903 0.9968
20 0.37118 0.177 387 -0.2607 1.0030
59 0.37397 0.181 387 -0.2717 1.0197
44 0.38374 0.183 387 -0.2701 1.0376
28 0.42020 0.187 387 -0.2481 1.0885
76 0.42915 0.181 387 -0.2192 1.0775
2 0.46019 0.183 387 -0.1942 1.1146
8 0.51777 0.182 387 -0.1321 1.1676
38 0.53524 0.182 387 -0.1167 1.1872
7 0.54114 0.187 387 -0.1273 1.2096
74 0.64785 0.192 387 -0.0400 1.3357
129 0.68990 0.189 387 0.0149 1.3649
21 0.69004 0.180 387 0.0481 1.3319
82 0.69489 0.184 387 0.0387 1.3511
45 0.70147 0.184 387 0.0435 1.3595
1 0.70827 0.185 387 0.0467 1.3699
3 0.71680 0.184 387 0.0595 1.3741
113 0.71890 0.177 387 0.0844 1.3534
130 0.74281 0.187 387 0.0732 1.4124
6 0.86510 0.177 387 0.2324 1.4978
23 0.95651 0.185 387 0.2937 1.6193
126 1.07623 0.185 387 0.4153 1.7372
30 1.21273 0.197 387 0.5070 1.9184
108 1.31271 0.195 387 0.6145 2.0110
.group
a
ab
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abc
abcd
abcde
abcdef
abcdefg
abcdefghij
abcdefgh
abcdefghi
bcdefghijk
bcdefghijklm
bcdefghijklmnopq
cdefghijklmno
cdefghijkl n
cdefghijklmnop
cdefghijklmnopqr
cdefghijklmnopqrs
defghijklmnopqrst
defghijklmnopqrstu
defghijklmnopqrstuv
defghijklmnopqrstuv
efghijklmnopqrstuvw
efghijklmnopqrstuvwx
efghijklmnopqrstuvwxyzazb
efghijklmnopqrstuvwxy
efghijklmnopqrstuvwxyza
efghijklmnopqrstuvwxyzazbzc
efghijklmnopqrstuvwxyzazb
efghijklmnopqrstuvwxyzazb
efghijklmnopqrstuvwxyzazbzc
ghijklmnopqrstuvwxyzazbzc
ghijklmnopqrstuvwxyzazbzc
fghijklmnopqrstuvwxyzazbzczdze
ghijklmnopqrstuvwxyzazbzczd
ghijklmnopqrstuvwxyzazbzczdze
hijklmnopqrstuvwxyzazbzczdzezf
hijklmnopqrstuvwxyzazbzczdzezf
hijklmnopqrstuvwxyzazbzczdzezfzg
hijklmnopqrstuvwxyzazbzczdzezfzgzh
hijklmnopqrstuvwxyzazbzczdzezfzgzh
hijklmnopqrstuvwxyzazbzczdzezfzgzh
hijklmnopqrstuvwxyzazbzczdzezfzgzh
hijklmnopqrstuvwxyzazbzczdzezfzgzh
hijklmnopqrstuvwxyzazbzczdzezfzgzh
hijklmnopqrstuvwxyzazbzczdzezfzgzhzi
ijklmnopqrstuvwxyzazbzczdzezfzgzh
jklmnopqrstuvwxyzazbzczdzezfzgzhzi
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jklmnopqrstuvwxyzazbzczdzezfzgzhzizj
klmnopqrstuvwxyzazbzczdzezfzgzhzizjzk
klmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzl
klmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzl
klmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzl
klmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzm
klmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzm
lmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzm
lmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmzn
opqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmzn
m opqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmzn
lmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
nopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
opqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
lmnopqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
pqrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
qrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
qrstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
stuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
rstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
stuvwxyzazbzczdzezfzgzhzizjzkzlzmznzo
stuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
rstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
rstuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
tuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
tuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
tuvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
uvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
uvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
uvwxyzazbzczdzezfzgzhzizjzkzlzmznzozp
uvwxyzazbzczdzezfzgzhzizjzkzlzmznzozpzq
uvwxyzazbzczdzezfzgzhzizjzkzlzmznzozpzq
vwxyzazbzczdzezfzgzhzizjzkzlzmznzozpzq
uvwxyzazbzczdzezfzgzhzizjzkzlzmznzozpzq
vwxyzazbzczdzezfzgzhzizjzkzlzmznzozpzqzr
vwxyzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzs
wxyzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzszt
xyzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzu
yzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzu
yzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
yzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
yzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
yzazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zazbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
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zbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zbzczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zczdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zdzezfzgzhzizjzkzlzmznzozpzqzrzsztzuzv
zezfzgzhzizjzkzlzmznzozpzqzrzsztzuzvzw
zfzgzhzizjzkzlzmznzozpzqzrzsztzuzvzw
zfzgzhzizjzkzlzmznzozpzqzrzsztzuzvzwzx
zgzhzizjzkzlzmznzozpzqzrzsztzuzvzw
zhzizjzkzlzmznzozpzqzrzsztzuzvzwzx
zizjzkzlzmznzozpzqzrzsztzuzvzwzxzy
zkzlzmznzozpzqzrzsztzuzvzwzxzy
zjzkzlzmznzozpzqzrzsztzuzvzwzxzy
zjzkzlzmznzozpzqzrzsztzuzvzwzxzy
zkzlzmznzozpzqzrzsztzuzvzwzxzyzza
zlzmznzozpzqzrzsztzuzvzwzxzyzza
zmznzozpzqzrzsztzuzvzwzxzyzza
znzozpzqzrzsztzuzvzwzxzyzzazzb
zozpzqzrzsztzuzvzwzxzyzzazzb
znzozpzqzrzsztzuzvzwzxzyzzazzb
zpzqzrzsztzuzvzwzxzyzzazzb
zqzrzsztzuzvzwzxzyzzazzb
zsztzuzvzwzxzyzzazzb
zrzsztzuzvzwzxzyzzazzb
zsztzuzvzwzxzyzzazzb
zrzsztzuzvzwzxzyzzazzb
ztzuzvzwzxzyzzazzb
zvzwzxzyzzazzb
zuzvzwzxzyzzazzb
zwzxzyzzazzb
zxzyzzazzb
zyzzazzb
zzazzb
zzb
Results are given on the logit (not the response) scale.
Confidence level used: 0.95
Conf-level adjustment: sidak method for 130 estimates
Results are given on the log odds ratio (not the response) scale.
P value adjustment: tukey method for comparing a family of 130 estimates
significance level used: alpha = 0.05
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Appendix Table 2. Post hoc test results for the significant effect of treatments on gall rust
disease severity.
Fam lsmean SE df lower.CL upper.CL
106 -3.569 0.277 387 -4.559 -2.5801
99 -3.338 0.278 387 -4.333 -2.3435
49 -2.898 0.208 387 -3.642 -2.1546
34 -2.862 0.246 387 -3.742 -1.9829
79 -2.782 0.224 387 -3.581 -1.9831
4 -2.738 0.223 387 -3.536 -1.9400
110 -2.527 0.208 387 -3.271 -1.7834
88 -2.503 0.197 387 -3.208 -1.7984
48 -2.495 0.209 387 -3.242 -1.7475
42 -2.492 0.188 387 -3.165 -1.8192
101 -2.476 0.186 387 -3.143 -1.8094
64 -2.471 0.209 387 -3.217 -1.7242
120 -2.470 0.210 387 -3.221 -1.7185
5 -2.429 0.196 387 -3.130 -1.7292
55 -2.376 0.187 387 -3.046 -1.7066
103 -2.353 0.189 387 -3.029 -1.6767
58 -2.336 0.197 387 -3.040 -1.6322
65 -2.268 0.189 387 -2.943 -1.5929
83 -2.259 0.174 387 -2.879 -1.6379
67 -2.254 0.198 387 -2.961 -1.5480
16 -2.254 0.165 387 -2.842 -1.6652
22 -2.242 0.180 387 -2.884 -1.6002
52 -2.241 0.173 387 -2.860 -1.6228
70 -2.230 0.188 387 -2.901 -1.5591
61 -2.203 0.181 387 -2.852 -1.5542
80 -2.184 0.189 387 -2.860 -1.5078
66 -2.170 0.196 387 -2.872 -1.4684
37 -2.154 0.168 387 -2.756 -1.5521
27 -2.153 0.181 387 -2.799 -1.5065
116 -2.136 0.164 387 -2.723 -1.5486
17 -2.067 0.173 387 -2.686 -1.4473
18 -2.057 0.226 387 -2.866 -1.2482
41 -2.052 0.210 387 -2.802 -1.3022
78 -2.031 0.175 387 -2.657 -1.4044
32 -2.030 0.169 387 -2.633 -1.4281
75 -2.005 0.154 387 -2.554 -1.4550
72 -2.000 0.164 387 -2.587 -1.4129
115 -1.997 0.171 387 -2.607 -1.3864
119 -1.996 0.168 387 -2.597 -1.3941
62 -1.992 0.191 387 -2.674 -1.3106
29 -1.991 0.182 387 -2.641 -1.3403
47 -1.990 0.198 387 -2.699 -1.2823
124 -1.960 0.168 387 -2.560 -1.3602
32

51 -1.940 0.154 387 -2.491 -1.3897
57 -1.905 0.168 387 -2.506 -1.3041
111 -1.902 0.163 387 -2.484 -1.3202
125 -1.884 0.174 387 -2.507 -1.2602
90 -1.877 0.159 387 -2.447 -1.3071
84 -1.875 0.163 387 -2.459 -1.2905
96 -1.872 0.168 387 -2.474 -1.2694
53 -1.856 0.152 387 -2.398 -1.3143
35 -1.845 0.157 387 -2.407 -1.2821
86 -1.843 0.163 387 -2.427 -1.2593
12 -1.823 0.170 387 -2.430 -1.2160
127 -1.822 0.176 387 -2.450 -1.1931
36 -1.819 0.161 387 -2.395 -1.2425
24 -1.815 0.156 387 -2.372 -1.2588
121 -1.802 0.152 387 -2.346 -1.2569
89 -1.802 0.175 387 -2.427 -1.1765
31 -1.798 0.156 387 -2.356 -1.2405
76 -1.780 0.175 387 -2.405 -1.1548
28 -1.773 0.165 387 -2.364 -1.1824
98 -1.770 0.176 387 -2.400 -1.1397
19 -1.739 0.169 387 -2.343 -1.1343
91 -1.732 0.151 387 -2.273 -1.1916
60 -1.731 0.175 387 -2.358 -1.1035
73 -1.718 0.151 387 -2.257 -1.1786
33 -1.714 0.157 387 -2.275 -1.1526
20 -1.713 0.181 387 -2.359 -1.0676
25 -1.693 0.145 387 -2.210 -1.1763
85 -1.682 0.151 387 -2.222 -1.1428
118 -1.667 0.150 387 -2.204 -1.1293
102 -1.659 0.189 387 -2.336 -0.9818
9 -1.650 0.189 387 -2.326 -0.9742
93 -1.647 0.160 387 -2.221 -1.0737
69 -1.644 0.159 387 -2.211 -1.0776
107 -1.643 0.156 387 -2.202 -1.0834
63 -1.635 0.171 387 -2.245 -1.0250
1 -1.600 0.158 387 -2.165 -1.0338
95 -1.590 0.155 387 -2.143 -1.0368
122 -1.585 0.165 387 -2.174 -0.9958
117 -1.557 0.156 387 -2.117 -0.9981
10 -1.530 0.151 387 -2.068 -0.9921
123 -1.498 0.156 387 -2.057 -0.9401
11 -1.491 0.174 387 -2.112 -0.8706
77 -1.485 0.150 387 -2.022 -0.9474
109 -1.474 0.157 387 -2.035 -0.9121
129 -1.457 0.146 387 -1.979 -0.9345
100 -1.453 0.156 387 -2.010 -0.8959
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54 -1.431 0.162 387 -2.010 -0.8515
14 -1.425 0.154 387 -1.978 -0.8732
87 -1.414 0.140 387 -1.915 -0.9130
59 -1.379 0.150 387 -1.915 -0.8443
114 -1.376 0.150 387 -1.911 -0.8406
50 -1.375 0.148 387 -1.902 -0.8471
71 -1.363 0.148 387 -1.893 -0.8325
82 -1.350 0.142 387 -1.858 -0.8416
15 -1.348 0.158 387 -1.912 -0.7846
92 -1.347 0.148 387 -1.877 -0.8178
113 -1.329 0.158 387 -1.895 -0.7638
13 -1.327 0.155 387 -1.880 -0.7746
56 -1.327 0.147 387 -1.853 -0.8009
46 -1.309 0.141 387 -1.814 -0.8036
97 -1.266 0.145 387 -1.784 -0.7482
39 -1.263 0.159 387 -1.830 -0.6962
130 -1.260 0.148 387 -1.788 -0.7325
38 -1.258 0.147 387 -1.782 -0.7338
68 -1.256 0.156 387 -1.812 -0.6996
2 -1.240 0.150 387 -1.777 -0.7037
40 -1.211 0.139 387 -1.707 -0.7149
44 -1.205 0.141 387 -1.707 -0.7025
21 -1.187 0.155 387 -1.742 -0.6322
81 -1.170 0.135 387 -1.652 -0.6883
105 -1.169 0.146 387 -1.690 -0.6468
128 -1.156 0.142 387 -1.663 -0.6494
26 -1.046 0.139 387 -1.542 -0.5491
23 -1.041 0.144 387 -1.556 -0.5264
94 -1.004 0.139 387 -1.500 -0.5084
126 -1.003 0.144 387 -1.519 -0.4871
112 -0.997 0.143 387 -1.508 -0.4855
30 -0.980 0.137 387 -1.471 -0.4889
74 -0.922 0.134 387 -1.401 -0.4433
7 -0.862 0.144 387 -1.377 -0.3472
104 -0.833 0.140 387 -1.334 -0.3317
8 -0.825 0.141 387 -1.328 -0.3214
108 -0.792 0.136 387 -1.278 -0.3059
45 -0.734 0.135 387 -1.216 -0.2517
6 -0.631 0.147 387 -1.157 -0.1046
43 -0.583 0.135 387 -1.067 -0.0993
3 -0.390 0.138 387 -0.884 0.1040
.group
a
ab
abc
abcd
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abcd
abcd
abcdefg
abcdefg
abcdefgh
abcde
abcdef
abcdefgh
abcdefgh
abcdefgh
abcdefgh
abcdefghi
abcdefghijk
abcdefghijklm
abcdefghij
abcdefghijklmnopq
abcdefghi
abcdefghijkl
abcdefghijk
abcdefghijklmno
abcdefghijklmnop
abcdefghijklmnopqr
abcdefghijklmnopqrs
bcdefghijklmn
bcdefghijklmnopqr
bcdefghijklmnopq
bcdefghijklmnopqrs
abcdefghijklmnopqrstuvwxyza
bcdefghijklmnopqrstuvw
bcdefghijklmnopqrstu
bcdefghijklmnopqrst
bcdefghijklmnopqrs
bcdefghijklmnopqrstu
bcdefghijklmnopqrstu
bcdefghijklmnopqrstu
bcdefghijklmnopqrstuv
bcdefghijklmnopqrstu
bcdefghijklmnopqrstuvwxy
bcdefghijklmnopqrstu
cdefghijklmnopqrstu
cdefghijklmnopqrstuv
cdefghijklmnopqrstu
cdefghijklmnopqrstuvwxy
cdefghijklmnopqrstuv
cdefghijklmnopqrstuvw
cdefghijklmnopqrstuvwx
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cdefghijklmnopqrstuv
cdefghijklmnopqrstuvwx
cdefghijklmnopqrstuvwxy
cdefghijklmnopqrstuvwxyza
cdefghijklmnopqrstuvwxyza
cdefghijklmnopqrstuvwxy
defghijklmnopqrstuvwxy
defghijklmnopqrstuvwxy
cdefghijklmnopqrstuvwxyzazb
defghijklmnopqrstuvwxy
cdefghijklmnopqrstuvwxyzazbzc
defghijklmnopqrstuvwxyza
defghijklmnopqrstuvwxyzazbzc
defghijklmnopqrstuvwxyzazbzc
defghijklmnopqrstuvwxyza
defghijklmnopqrstuvwxyzazbzczd
defghijklmnopqrstuvwxyza
defghijklmnopqrstuvwxyzazbzc
defghijklmnopqrstuvwxyzazbzczd
defghijklmnopqrstuvwxyza
defghijklmnopqrstuvwxyzazbzc
defghijklmnopqrstuvwxyzazbzc
defghijklmnopqrstuvwxyzazbzczdzezf
defghijklmnopqrstuvwxyzazbzczdzezf
defghijklmnopqrstuvwxyzazbzczd
defghijklmnopqrstuvwxyzazbzczd
defghijklmnopqrstuvwxyzazbzczd
defghijklmnopqrstuvwxyzazbzczdze
efghijklmnopqrstuvwxyzazbzczdze
efghijklmnopqrstuvwxyzazbzczdze
efghijklmnopqrstuvwxyzazbzczdzezf
efghijklmnopqrstuvwxyzazbzczdze
efghijklmnopqrstuvwxyzazbzczdze
efghijklmnopqrstuvwxyzazbzczdzezf
efghijklmnopqrstuvwxyzazbzczdzezfzg
ghijklmnopqrstuvwxyzazbzczdzezf
fghijklmnopqrstuvwxyzazbzczdzezfzg
hijklmnopqrstuvwxyzazbzczdzezfzg
hijklmnopqrstuvwxyzazbzczdzezfzg
hijklmnopqrstuvwxyzazbzczdzezfzg
hijklmnopqrstuvwxyzazbzczdzezfzg
ijklmnopqrstuvwxyzazbzczdzezfzg
ijklmnopqrstuvwxyzazbzczdzezfzg
ijklmnopqrstuvwxyzazbzczdzezfzgzh
ijklmnopqrstuvwxyzazbzczdzezfzg
jklmnopqrstuvwxyzazbzczdzezfzgzh
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jklmnopqrstuvwxyzazbzczdzezfzgzh
ijklmnopqrstuvwxyzazbzczdzezfzgzh
jklmnopqrstuvwxyzazbzczdzezfzgzh
jklmnopqrstuvwxyzazbzczdzezfzgzh
jklmnopqrstuvwxyzazbzczdzezfzgzh
klmnopqrstuvwxyzazbzczdzezfzgzh
mnopqrstuvwxyzazbzczdzezfzgzh
opqrstuvwxyzazbzczdzezfzgzh
lmnopqrstuvwxyzazbzczdzezfzgzh
nopqrstuvwxyzazbzczdzezfzgzh
pqrstuvwxyzazbzczdzezfzgzh
nopqrstuvwxyzazbzczdzezfzgzh
qrstuvwxyzazbzczdzezfzgzh
stuvwxyzazbzczdzezfzgzh
stuvwxyzazbzczdzezfzgzh
rstuvwxyzazbzczdzezfzgzhzi
tuvwxyzazbzczdzezfzgzh
stuvwxyzazbzczdzezfzgzhzi
uvwxyzazbzczdzezfzgzhzi
vwxyzazbzczdzezfzgzhzi
vwxyzazbzczdzezfzgzhzi
yzazbzczdzezfzgzhzi
wxyzazbzczdzezfzgzhzi
xyzazbzczdzezfzgzhzi
zazbzczdzezfzgzhzi
zbzczdzezfzgzhzi
zczdzezfzgzhzi
zdzezfzgzhzi
zdzezfzgzhzi
zezfzgzhzi
zfzgzhzi
zgzhzi
zhzi
zi
Results are given on the logit (not the response) scale.
Confidence level used: 0.95
Conf-level adjustment: sidak method for 130 estimates
Results are given on the log odds ratio (not the response) scale.
P value adjustment: tukey method for comparing a family of 130 estimates
significance level used: alpha = 0.05

Appendix Table 3. Analysis of deviance table for the effect of treatments, incidence, and
severity on log(volume) (m3).
Variable
Chisq
df
Pr(>Chisq)
37

Treatments

141.3329

129

0.21599

Incidence

16.5574

1

4.72e-05 ***

Severity

3.7056

1

0.05423 .

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Appendix Table 4. Analysis of deviance table for the effect of treatments, incidence, and
severity on tree height (m).
Variable
Chisq
df
Pr(>Chisq)
Treatments
177.2575
129
0.003117 **
Incidence

16.5103

1

4.839e-05 ***

Severity

2.9013

1

0.088509 .

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Appendix Table 5. Analysis of deviance table for the effect of treatments, incidence, and
severity on tree diameter (cm).
Variable
Chisq
df
Pr(>Chisq)
Treatments
184.2660
129
0.0010189 **
Incidence

12.1785

1

0.0004834 ***

Severity

3.2408

1

0.0718262 .

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Appendix Figure 1. Layout of the Falcata field trial in Musuan, Maramag, Bukidnon.
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