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Abstract: Dalbergia tonkinensis is being promoted in Vietnam for the future supply of prized wood
for furniture and chemical extraction. Expansion of the plantation area requires a reliable source of
quality seed. This study evaluates the field performance of progeny from mature mother trees in
natural forests and urban environments. Trials were established in Tan Son and Doan Hung districts
of Phu Tho province and assessed 3 years later. There were significant differences in growth and
survival between provenances. The best families reached heights of >3.5 m and came from mother
trees in a natural forest. The number of leaflets per leaf on mother trees was positively correlated
with height (Ht) and diameter at breast height (Dbh) of the trial trees. The individual heritabilities
(ĥ2) for Ht and Dbh were 0.39 and 0.49 for Tan Son, and 0.33 and 0.48 for Doan Hung, respectively.
The coefficient of additive variation (CVA) of Ht and Dbh were 36% and 58% for Tan Son, and 23%
and 30% for Doan Hung, respectively. Interactions between the growth traits in the two trials were
strongly correlated (R2 = 0.88 for Ht, 0.90 for Dbh). These results identify D. tonkinensis gene sources
with advantages for early growth performance in plantations. These superior genetics can be used
for seed orchards, clonal propagation and for implementing a breeding program.

Keywords: domestication; fragrant wood; height and diameter growth; heritability; reforestation;
seed source; survival

1. Introduction

Dalbergia is a large pantropical genus containing important timber trees many of which
are endangered from overexploitation of wild populations for their valuable heartwood [1–3].
Dalbergia tonkinensis Prain occurs naturally in forests of Vietnam, and mature trees can ob-
tain heights of 15–25 m and diameters of 50–90 cm after 60 years [4]. The wood is highly
sought after for furniture production [5] and for the extraction of pharmaceutical and other
compounds [6–9]. A closely related taxon, D. odorifera, occurs in south China, and there is
a long history of its use in Chinese culture [10]. Recent analysis of the plastid genome has
confirmed that D. tonkinensis and D. odorifera are closely related; however, they come from
two independent lineages [11].

In 2006, D. tonkinensis was added to annex I in decree 32/2006/ND-CP of the Viet-
namese government to prohibit exploitation from the wild due to the extent of habi-
tat destruction and illegal harvesting [12]. Later, the Ministry of Agriculture and Rural
Development (MARD) included D. tonkinensis as a major planting species in Vietnam
and promoted the development of D. tonkinensis as a plantation tree for the future sup-
ply of valuable wood [13]. In 2019, D. tonkinensis was transferred to annex II in decree
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06/2019/ND-CP [5,13], allowing farmers and households to cut trees that they have grown
after obtaining the relevant permits [5,14].

Over the last decade, small-holder plantings of D. tonkinensis have increased to about
2000 ha [7], mainly using seedlings sourced from parent trees of low quality [15,16]. So
far, domestication of the species has taken place without a strong forest science input. The
mating system of open-pollinated D. tonkinensis trees has not been investigated. Research
has addressed nursery production of seedlings [17], seed germination [18], vegetative
propagation [19], and diseases causing stem canker [20,21]. No research on tree selection,
sylviculture or field performance has been undertaken. In contrast, there has been consid-
erable effort in genetic improvement, plantation sylviculture and heartwood induction for
D. odorifera in China [22–24].

As mature D. tonkinensis trees continue to be lost due to illegal harvesting, there is
an urgent need to quantify the performance of planting stock obtained from a range of
mother trees. Therefore, two field trials were undertaken to identify superior mother
trees that could be cloned for preservation of the genotypes, as well as providing a source
of material for establishing clonal hedges, and to identify families with superior early
growth that could be cloned and used to establish seed orchards. We sought out superior
D. tonkinensis trees in a range of habitats from conservation forests to temple grounds
and collected seeds for undertaking field trials. The trials were established throughout a
short duration of 3 years in order to provide early input for future clonal propagation and
breeding programs.

2. Materials and Methods
2.1. Seed Source

Fruit was collected from 69 mature mother trees, in seven provinces of Vietnam
(Figure 1), when the colour of the legumes changed from green to yellow or brown in early
winter (December). About 200–300 seeds were obtained from each mother tree.
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The criteria used in selecting mother trees were: diameter at breast height (Dbh,
1.3 m) >40 cm; boles straight, round and length >50% of tree height; and trees healthy
without visible damage from pests and diseases. The location of suitable trees was sourced
through extensive forest and local government networks. The chosen mother trees were
located as follows: 26 trees in temple grounds, 16 along streets, 12 in grounds of government
offices, 8 in city parks, and 7 in natural forests (Supplementary Table S1). Examples are
shown in Figure 2. From local knowledge, the trees were estimated to be more than 60 years
old. Height was measured with a height pole, and Dbh was obtained using a diameter tape.
We used the number of leaves as a measure of morphological variation between mother
trees. The number of leaves was determined for 32 compound leaves that were collected
from branches in the middle of the canopy in the four cardinal directions. The seed were
manually separated from the fruit. The seeds were dried in a laboratory in Hanoi using a
dehumidifier for 5–7 days. Each family’s seeds were vacuum-sealed in separate plastic bags
and stored in the dark at 5 ◦C until use.
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Figure 2. Examples of Dalbergia tonkinensis mother trees used for seed collection: (a) in the grounds
of a Buddhist temple in Hanoi (Dbh = 70.2 cm, Ht = 25 m), (b) on the side of a roadway in Hung Yen
(Dbh = 58.6 cm, Ht = 18 m).

2.2. Seedling Production

The seed were placed in cloth bags in water at 70 ◦C for 12 hours, then drained
and kept moist at 35 ◦C. After 2–3 days the germinated seeds were planted into nursery
sand beds that had been solar pasteurized. When 2 pairs of true leaves were present, the
seedlings were transplanted into plastic bags (diameter 6 cm, heigh 12 cm) and grown in
a research nursery in Hanoi. The container substrate was a red-yellow oxisol taken from
the B horizon under a pine forest in Ngoc Thanh award, Phuc Yen district, Vinh Phuc
province. A dilute liquid NPK fertilizer was applied when the plants were 2 months old.
The seedlings were outplanted at 6 months of age when they were 70–80 cm in height.

2.3. Description of The Progeny Trials

Two sites were selected for evaluating the early field performance of the families.
The first was a 2 ha area at Tan Son in Phu Tho province, in north Vietnam; 21.161952 N,
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105.089013 E, and 168 m a.s.l. The mean annual temperature is 22 ◦C, sunshine hours
2517 y−1, and the average rainfall is 1565 mm y−1. The terrain is undulating hills. The
soil is a red-yellow oxisol, >50 cm in depth overlying gravel. The site had previously been
used for 2 rotations of tea (Camellia sinensis) over 18 years. The second site was a 2 ha
area at Doan Hung in Phu Tho province; 21.535924 N, 105.198891 E, and 225 m a.s.l. The
mean annual temperature is 23 ◦C, sunshine hours 2529 y−1, and the average rainfall is
1973 mm y−1. The terrain is flat and has a similar soil type. The site had previously had
one rotation of Acacia mangium. The soils are acidic and contain low levels of organic matter,
total N, total P2O5 total and total K2O. However, the N, P2O5 and K2O levels in Doan
Hung are a little higher than in Tan Son (Supplementary Table S2). Vegetation was dug up
by hand and taken off-site. The land was then disc plowed with a tractor. The planting
holes (30 × 30 × 30 cm) were dug manually using a shovel and 300 g of NPK (N:P2O5:K2O,
5:10:3) compound fertilizer was added to each hole, mixed with the soil and backfilled.

2.4. Experimental Design

There were two experiments, one at each field site. The experimental design was a
randomized block design comprising 4 blocks and 8 replicate plots for each family. There
were 59 families common to the two experiments plus an additional 10 families in the
Tan Son trial. The unequal numbers were due to the limited availability of planting stock.
Each row plot had four trees. A computer program CycDesigN [25] was used to assist the
randomization of the families within blocks. The plots and blocks were contiguous. Both
experiments were planted in July 2015. Tree spacing was 2 m within rows and the row
spacing was 3 m.

2.5. Silviculture

All weeds in the experiments were cut by hand in October 2015 and then in March,
August and November for the next 3 years. The soil was lightly cultivated around the base
of all trees using a hand hoe and top-dressed with 300 g/tree of NPK (16:16:8) compound
fertilizer in March 2016, 2017, 2018. The NPK was banded at the edge of the canopy. For
the first year, the trees were supported with bamboo poles. The experimental fields were
fenced to exclude water buffalo that were damaging forestry plots in the area.

2.6. Data Collection

At three years, the survival, height (Ht), Dbh and disease level of all trees of each
family were assessed. Height was measured using a height pole, and the circumference
was measured with a tape and converted to Dbh. The level of stem canker disease was
assessed as follows [15]: 0 = no lesions on stem and branches, healthy and green leaves;
1 = length of lesion <10 cm, healthy and green leaves; 2 = length of lesion 10 to <20 cm,
some leaf yellowing; 3 = length of lesion 20 to < 30 cm, all leaves yellow; 4 = length of
lesion >30 cm, leaves wilted, dried, fallen, and/or dead.

The mean disease index (DI) of each clone was determined using Equation (1):

DI = (Σnivi)/N (1)

where: ni is the number of diseased trees at disease level i; vi is the value (range 0 to 4) of
the ith level of the disease; and N is total number of plants assessed.

2.7. Data Analysis

Data were analysed using ASReml 4.0 software package. Analysis of variance (ANOVA)
was used to test for significant effect of blocks and treatments, followed by Duncan’s Multi-
ple Range Test for comparisons of means of different seed lots. ASReml 4.0 was used to test
GxE correlation on the growth of families between the two trials, and individual heritabili-
ties and coefficients of additive genetic variation for the studied traits of families [26].
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Family variance (σf
2), phenotypic variance (σ2

P), plot variance (σ2
t ), and environmental

variance (σ2
e ) for different traits were estimated using ASReml. The estimated variance

components were used to calculate the narrow-sense heritabilities for the characters under
consideration. Since families in the progeny test came from open-pollinated parent trees, the
additive genetic variance (σ2

A) was estimated as three times the family variance component.
The additive genetic variance (σ2

A), total phenotypic variance (σ2
P), and individual-tree

heritability (ĥ2) estimates were calculated using Equations (2)–(4):

σA
2 = 3σf

2 (2)

σP
2 = σf

2 + σt
2 + σe

2 (3)

h2 =
σ2

A
σ2

P
(4)

Coefficient of additive variation (CVA) was estimated using Equation (5):

CVA =
100σA

X
(5)

where: X is the phenotypic mean; σA is additive genetic variance.
Theoretical genetic gain (RY) was estimated using Equation (6):

RY = in,Nh2
YσPY (6)

where: in,N is the intensity of selection based on selection n families from N families
participating in the trial; h2

Y is the heritability of the trait Y; σPY is the phenotypic variance
of trait Y.

Correlation analysis was used to denote the pairwise interaction among quantitative
variables obtained from mother trees (MotherH, MotherD, Leaflets and Seed Weight),
and the field trials (Ht, Dbh, DI, StemNumber and Survival) using the ggpubr package
in R statistical software [27]. Based on the correlation matrix presenting the correlation
coefficients, where the correlation was significant, linear regression analysis of the relation
between the dependent variables (Ht, Dbh and Survival) and the explanatory variables
(Leaves) was explored. The coefficient of determination (R2) was defined in our linear
regression models and measures the proportion of variation in the dependent variable
explained by the predictors included in the model. To extend it for generalized linear
models, we used the variance function to define the total variation of the dependent
variable, as well as the remaining variation of the dependent variable after modeling the
predictive effects of the independent variables.

3. Results
3.1. Mother Tree Data

The heights of mother trees (range and mean) were 15.5–(21.1)–28.5 m, and the diame-
ters (1.3 m) were 41.4–(62.4)–84.6 cm. A noticeable morphological difference between trees
was the number of leaves which ranged from 11 to 17 (mean 15.2). Additionally, there was
considerable variation in 1000 seed weight between mother trees: 64.3–(92.1)–155.7 g.

3.2. Field Performance
3.2.1. Tan Son

There were significant differences in growth and survival after 3 years between the
seven provenances. On average, the tallest progenies originated from Bac Ninh and
Hung Yen provenances (Table 1, Figure 3). However, Hanoi and Gia Lai provenances had
the largest diameters, and Hung Yen and Hanoi provenances showed the best survival
(Table 1). There was no difference in the number of stems or disease index between the
provenances. There was a significant effect of family on growth and survival (p < 0.001).
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Twelve families achieved heights >3.5 m, more than 29% higher than the trial average
(Supplementary Table S3). As for provenances, there was no significant effect of family on
the disease index or the number of stems.

Table 1. Average height, diameter, number of stems, survival, and disease index of Dalbergia tonkinen-
sis provenances at 3 years in Tan Son. Different lowercase letters in a column indicate a significant
difference according to DMRT at p < 0.05.

Provenance No of
Families Height (m) Diameter

(cm)
No of
Stems

Survival
(%)

Disease
Index

Bac Ninh 8 2.98 ± 0.78 a 1.80 ± 0.66 ab 1.41 ± 0.08 91.8 b 0.82 ± 0.02
Hanoi 19 2.86 ± 0.79 ab 1.94 ± 0.67 a 1.41 ± 0.10 94.1 ab 0.96 ± 0.03

Hung Yen 7 2.94 ± 0.65 a 1.59 ± 0.49 b 1.51 ± 0.11 96.4 a 1.07 ± 0.04
Gia Lai 7 2.84 ± 0.74 ab 1.85 ± 0.61 a 1.48 ± 0.10 94.6 ab 0.99 ± 0.02

Lang Son 9 2.20 ± 0.54 c 1.33 ± 0.36 c 1.30 ± 0.07 94.4 ab 1.07 ± 0.04
Nghe An 7 2.69 ± 0.56 b 1.62 ± 0.43 b 1.42 ± 0.11 92.0 b 1.10 ± 0.05

Vinh Phuc 12 2.55 ± 0.69 b 1.60 ± 0.54 b 1.43 ± 0.11 84.4 c 0.96 ± 0.03

Mean 2.72 1.71 1.42 92.37 0.99
F value <0.001 <0.001 0.146 <0.001 0.210
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Figure 3. Three-year-old D. tonkinensis planted in Tan Son: (a) superior family from Hung Yen;
(b) superior family from Bac Ninh. Note the smaller trial trees surrounding the emergent trees.

The correlation matrix for the characteristics of mother trees (Ht, Dbh, leaves, 1000 seed-
weight) and the average of their progenies in the field trial (Height, Dbh, disease index,
number of stems, survival) in Tan Son is given in Supplementary Figure S1. The number
of leaves on mother trees was positively correlated with tree height, Dbh and survival
(p < 0.05). The best linear regression equations between leaves of mother trees and trial
factors were for height (y = −1.89 + 0.34x; R2 = 0.74) and Dbh (y = −1.20 + 0.21x; R2 = 0.53).

3.2.2. Doan Hung

There were significant effects of provenance on growth and survival at 3 years of age.
Overall, the best provenance was Hanoi, with superior height, Dbh and survival (Table 2,
Figure 4b). In addition, the Vinh Phuc provenance showed superior height (Figure 4a).
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Table 2. Average height, diameter, number of stems, survival, and disease index of Dalbergia tonkinen-
sis provenances at 3 years in Doan Hung. Different lowercase letters in a column indicate a significant
difference according to DMRT at p < 0.05.

Provenance No of
Families Height (m) Diameter

(cm)
No of
Stems

Survival
(%)

Disease
Index

Bac Ninh 7 3.72 ± 0.76 a 3.08 ± 0.62 b 1.43 ± 0.10 92.4 c 0.70 ± 0.01
Hanoi 10 3.81 ± 0.87 a 3.34 ± 0.63 a 1.41 ± 0.09 97.2 a 0.86 ± 0.01

Hung Yen 7 3.64 ± 0.66 a 2.83 ± 0.43 c 1.51 ± 0.12 96.9 a 0.94 ± 0.02
Gia Lai 7 3.55 ± 0.75 ab 3.05 ± 0.52 b 1.49 ± 0.11 94.6 b 0.86 ± 0.03

Lang Son 9 2.93 ± 0.64 c 2.59 ± 0.31 d 1.31 ± 0.06 95.1 b 0.93 ± 0.03
Nghe an 7 3.37 ± 0.62 b 2.84 ± 0.37 c 1.41 ± 0.09 93.3 c 1.05 ± 0.04

Vinh Phuc 12 3.76 ± 0.87 a 3.17 ± 0.57
ab 1.46 ± 0.11 95.1 b 0.98 ± 0.03

Mean 3.55 3.01 1.43 95.16 0.91
F value <0.001 <0.001 0.115 <0.001 0.056
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Figure 4. Three-year-old D. tonkinensis planted in Doan Hung: (a) superior family from Vinh Phuc;
(b) superior family from Hanoi.

The height performance of the best families was similar to the trial in Tan Son and
11 of the families were also in the top 12 in Tan Son (Supplementary Table S4). Analysis of
the pairwise interaction between characteristics of mother trees and trial factors showed a
much weaker correlation between leaflet number and tree growth than in the Tan Son trial
(Supplementary Figure S2).

3.3. Heritability

For the Tan Son trial, the individual heritability (ĥ2) of height and Dbh at age 3 years
were 0.39 and 0.49, respectively. Coefficients of additive variation (CVA) of height and
DBH were 36 and 58%, respectively. Theoretical genetic gain (RY) of height and Dbh were
40.0 and 71.2%, respectively (Table 3a).
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Table 3. Trial means, individual heritability, and coefficients of additive genetic variation for the
studied traits of D. tonkinensis provenances.

Trait Unit Mean ĥ2 CVA (%) Ry (%)

a. Trial in Tan Son

Height m 2.72 0.39 ± 0.08 36 40.0
Diameter cm 1.71 0.49 ± 0.09 58 71.2

Disease index score 0.99 0.03 ± 0.03
Number of stems stem 1.42 0.02 ± 0.03

b. Trial in Doan Hung

Height m 3.55 0.33 ± 0.08 25 25.7
Diameter cm 3.01 0.48 ± 0.09 30 36.5

Disease index score 0.91 0.02 ± 0.01
Number of stems stem 1.43 0.03 ± 0.02

The individual heritabilities (ĥ2) of height and diameter at breast height were 0.33 and
0.48, respectively, for the Doan Hung trial. The coefficients of additive variation (CVA) for
height and Dbh were 25 and 30%, respectively. Theoretical genetic gain (RY) of height and
Dbh were 25.7 and 36.5%, respectively (Table 3b).

3.4. Genotype by Environment Interaction

The interaction between the growth traits in the Tan Son and Doan Hung trials was
strongly correlated (0.88–0.90), which proves that families with good growth in one site
will perform well at the second site—in this case, Doan Hung (Figure 5).
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3.5. Location of Mother Trees

Location of mother trees had a significant effect on the height and Dbh of their proge-
nies in the Tan Son trial, and on the height in the Doan Hung trial (Table 4). The highest
and thickest progenies all came from mother trees located in natural forest. The poorest per-
forming families were from mother trees in the courtyards of government office buildings
or in city parks.

Table 4. Effect of location of mother trees on growth of Dalbergia tonkinensis at 3 years in field trials
in Tan Son and Doan Hung. Different lowercase letters in a column indicate a significant difference
according to DMRT at p < 0.05.

Location of
Mother Trees

Number of
Families

Tan Son Doan Hung

Height (m) Diameter (cm) Height (m) Diameter (cm)

Natural forest 7 3.17 ± 0.68 a 2.03 ± 0.41 a 3.92 ± 0.74 a 3.27 ± 0.55
City park 8 2.62 ± 0.59 bc 1.57 ± 0.38 c 3.85 ± 0.71 ab 3.28 ± 0.48

Temple garden 26 2.94 ± 0.63 b 1.83 ± 0.42 b 3.69 ± 0.65 ab 3.07 ± 0.53
Streetscape 16 2.72 ± 0.71 bc 1.80 ± 0.54 b 3.53 ± 0.57 ab 3.05 ± 0.46

Office courtyard 12 2.32 ± 0.60 c 1.41 ± 0.36 c 3.22 ± 0.59 b 2.77 ± 0.42

Mean 2.72 1.71 3.55 3.01
F value 0.006 0.040 0.029 0.069

4. Discussion

This is the first study to evaluate the field performance of progenies from mature
Dalbergia tonkinensis mother trees growing in natural forests and urban environments. There
were significant differences in growth between provenances in the two field trials, with
heights ranging from 1.3 to 1.7 m/year and diameters from 1.2 to 1.6 cm/year. Previous
investigations have explored the growth of D. tonkinensis in home gardens or in forest
restoration using seed from unknown parents. In these studies, D. tonkinensis performed
well in moist fertile soil [15,17], reaching maximum heights of 1.5 m/year, and diameters
of 1.6 cm/year [15,28]. The poorer growth of trees in Tan Son district may have been due to
soil constraints arising from the previous production of tea crops. The Doan Hung soil had
higher organic C, total N, soluble P and K2O than in Tan Son (Supplementary Table S2). In
the closely related D. odorifera, growth of 2-year-old trees was strongly influenced by site
condition. They grew well in the lower parts of hills, achieving a mean height of 2.88 m
and mean Dbh of 2.29 cm [29]. Likewise, there was a strong correlation between growth
attributes of D. sisso and soil quality [30].

There are no records on the origin of the mother trees in urban settings. It is likely that
the mother trees were planted as seedlings; however, we cannot rule out self-regeneration
from seed or regeneration from roots. In the future it would be interesting to determine the
extent of any inbreeding in progenies from these mother trees as observed in studies on
Acacia [31].

Although the soil fertility differed between the two sites, growth traits of D. tonkinensis
were strongly correlated between the trials. Nevertheless, progeny from city park trees
performed better on the fertile site at Doan Hung than in poor soil at Tan Son. To manage
genotype × environment interaction (G × E interaction), usually the best families need to
be selected for specific sites to maximize deployment gains [32]. For example, G × E effects
were of practical importance for breeding of A. mangium [31]. Significant G × E interactions
have been reported in D. sissoo in India [33]. The results of our study are only preliminary.
Further studies need to be undertaken to clone the plus trees and test their performance on
a wider range of sites.

In our trials, 12 D. tonkinensis families in Tan Son and 8 families in Doan Hung had
height growth higher than the trial average. At present, D. tonkinensis seeds are being
collected mainly from trees grown in home gardens in Vinh Phuc [5,15]. The Vinh Phuc
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provenance tended to grow poorly in the Tan Son soil (Table 2). However, family DT66
from Vinh Phuc had good growth in both field trials.

Canker disease caused by Fusarium lateritium and F. decemcellulare can kill young trees [20].
We found that families with the best growth had disease indices that were lower than the
trial average. These families should be assessed over the next decade to establish whether
disease resistance is maintained. In addition, the timing and extent of heartwood development
should be determined. In the meantime, these are promising families for plus tree selection
and clonal propagation [19]. In D. sisso, the best clones had superior growth compared to the
original mother trees [34]. There are no MARD-recognized sources of D. tonkinensis genetics in
Vietnam [16,19]. Therefore, these two trials also have the potential to become seed production
areas. Some trees were already producing seeds at 3 years of age.

The theoretical genetic gain (RY) of height and diameter at breast height were 25.7%–40.0%
and 36.5%–71.2%, respectively, indicating good potential for the selection of D. tonkinensis
clones from these trials. In D. sissoo, five clones with good growth performance had heritability
estimates of 87%, 83% and 80% for height, crown width and crown length, respectively [35].
In this study, the individual heritability (ĥ2) of height and diameter at breast height of D.
tonkinensis at age 3 years were 0.33–0.39 and 0.48–0.49, respectively. These values are higher
than or similar to the individual heritability of fast-growing species such as Acacia auriculiformis,
ĥ2 = 0.36–0.39 [36], A. mangium, ĥ2 = 0.11–0.30 [31], and Eucalyptus urophylla, ĥ2 = 0.10–0.31 [37].
From this result, and with a high (25.35%–58.06%) coefficient of additive variation (CVA), we
suggest that the improvement of D. tonkinensis in terms of growth traits is completely possible.

Although D. tonkinensis has been over-exploited in Vietnam [5,15,28], we were able
to locate 7 healthy mature trees with good form in natural forests that were bearing seed.
Greater efforts should be made to locate other plus trees in the wild and to protect them. We
can-not disclose the location of the mother trees due to the risk of illegal harvesting. Since
the study began, already some of the mother trees in temple grounds have been lost. There
is an urgent need to ensure the natural gene pool is preserved not only for biodiversity
purposes but also for the future of the rosewood industry in Vietnam. So far, no population
study has been undertaken to determine the genetic diversity of D. tonkinensis in the wild
or in cultivation. In China, the core germplasm collection of D. odorifera contains 6 wild
and 25 cultivated individuals [38]. There are about 100 mature mother trees in parks and
pagodas in Vietnam [16] that could be used in conjunction with the genetics in our two
field trials to help build a germplasm collection.

5. Conclusions

We collected seeds from plus trees in the wild and in urban settings and set up
provenance and progeny trials to quantify early growth, form and disease resistance
in north Vietnam. We found that seed from mother trees in natural forests generally
outperformed those from urban trees. For the first time for this valuable rosewood, there
is a reliable germplasm collection that can be used as seed orchards, to develop clonal
plantations and as genetic resources for implementing a breeding program.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/f13121977/s1, Table S1: Number of mother trees in each province according to location. Table S2:
Physical and chemical properties of soil in the trials. Table S3: Growth, number of stems and disease
index of the 12 best performing Dalbergia tonkinensis families in Tan Son. Table S4: Growth, number
of stems and disease index of the 12 best performing D. tonkinensis families in Doan Hung. Figure S1:
Correlation analysis of the pairwise interaction between characteristics of mother trees (Ht, Dbh, leaves,
1000 seed-weight) and trial factors (Ht, Dbh, DI, number of stems, survival) in Tan Son. Figure S2:
Correlation analysis of the pairwise interaction between characteristics of mother trees (Ht, Dbh, leaves,
1000 seed-weight) and trial factors (Ht, Dbh, DI, number of stems, survival) in Doan Hung.

https://www.mdpi.com/article/10.3390/f13121977/s1
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