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Abstract

The aim of this study was to determine the genetic variation of 
growth traits, wood basic density, dry mass of crown, leaf, and 
stem, and carbon stock within and between two Genipa ameri-
cana L. provenances. The provenance and progeny test was 
installed in the Teaching, Research and Extension Farm, located 
in Selvíria, Mato Grosso do Sul, Brazil. The test was established 
using a randomized block design with two provenances and 
36 progenies, a spacing of 3 x 2 m, four replicates, and six plants 
per plot. At 11 years of age, height and diameter at breast 
height (DBH) were measured. To estimate wood basic density, 
biomass, and carbon stock, 45 plants were thinned. Growth 
traits for crown, leaf, and stem, as well as wood basic specific 
gravity showed significant differences. Both provenances pre-
sent high carbon storage, demonstrating the potential of this 
species to be included in carbon credit programs that help to 
minimize the effects of global warming. In general, heritability 
values were low, suggesting limited genetic control of the eva-
luated traits. However, the traits presented a high coefficient of 
genetic variation, indicating adequate sampling among popu-
lations; these results are promising for ex situ conservation and 
for future breeding programs.

Keywords: : breeding programs; ex situ conservation; global war-
ming; natural populations.
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Introduction

Consumerism in contemporary society has direct consequen-
ces on the environment. While agrarian development must 
meet the demands for food production and improved techno-
logies, such development requires large areas of land to grow 
food and raise livestock, inevitably leading to forest fragmenta-
tion. These actions result in the loss of biodiversity, which hin-
ders the maintenance of ecosystems and associated impacts 
including abiotic factors, such as climate change, biotic factors, 
such as species distribution and abundance, and biological 
factors, such as organism interactions in the environment 
(Murcia, 1995). Forest fragmentation reduces the size of tree 
populations, which suffer further consequences from external 
factors owing to edge effect, thus increasing tree mortality 
(Trindade et al., 2004). The problems related to fragmentation 
are compounded by the existence of multiple endemic or rare 
species which may experience genetic decline or become 
extinct.

Forest conservation is essential to protect the structure 
and functioning of the landscape. However, conservation can 
also help minimize the effects of climate change resulting from 
the release of greenhouse gases, particularly carbon dioxide as 
it is the main component of photosynthesis. More specifically, 
forests absorb carbon in the form of CO2, especially during the 
growth phase, with the accumulation of carbon decreasing 
over time. Through photosynthesis, forest tree species incor-
porate this carbon into plant biomass, but the ability to 
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sequester carbon for years or decades and store it in the form 
of wood differentiates trees from other plant species (Litton et 
al., 2007).

Genipa americana L. (Rubiaceae), popularly known as jeni-
papo, is a native, but not endemic, species of Brazil (Zappi, 
2015). G. americana is distributed across all regions and states 
of the country, except Rio Grande do Sul, and occurs naturally 
in the Amazon, Caatinga, Cerrado, Atlantic Forest, and Pantanal 
biomes. Beyond Brazil, the species occurs in southern Mexico, 
Central America (Echenique-Manrique et al., 1975), and throug-
hout northern South America, into Paraguay and Argentina 
(López et al., 1987). The species is dioecious, with height ran-
ging from 8 to 14 m and trunk diameter at breast height (DBH) 
from 40 to 60 cm (Lorenzi, 2002). As the species is flood-tole-
rant, it has been recommended for planting in degraded and 
swampy areas (Durigan and Nogueira, 1990). In addition to its 
ecological contribution maintaining ecosystem equilibrium, G. 
americana has countless uses, including food, timber, medici-
nal, cosmetic, or industrial, and all of its components from root 
to seed can be used. 

Studies to better understand G. americana are necessary 
as intense degradation of its natural habitat caused by agricul-
tural expansion in Brazil has led to the species being conside-
red threatened. Little is known about the species’ genetic 
structure and ability to store carbon. Current literature on this 
topic is scarce, and most genetic studies involve biochemical 
traits in seeds (Oliveira et al., 2009), genetic diversity with the 
use of molecular markers (Silva et al., 2015; Silva et al., 2014; 
Rabbani et al., 2012; Sebbenn et al., 1998), and gene flow and 
mating system (Manoel et al., 2017). As such, the goal of this 
study was to better understand the development and genetic 
variability of G. americana through assessment of growth traits, 
biomass production, and carbon sequestration at eleven years 
of age. The results aim to support ex situ conservation, the for-
mation of a seed orchard for future breeding programs, and 
inform carbon credit programs focused on mitigating the 
effects of global warming.

Materials and Methods

Provenances, planting area, and experimental 
design
In 2003, seeds of open-pollinated plants were collected from 
two natural provenances of G. americana: 21 trees from Mogi 
Guaçu, São Paulo, Brazil (MG; 22°20‘ S, 47°10‘ W; elevation 600 
m); and 15 trees from Selvíria, Mato Grosso do Sul (SE; 20°22‘ S, 
51°25‘ W; elevation 345 m). The provenance and progeny test 
was established in 2004 at the Teaching, Research and Extensi-
on Farm of the Faculdade de Engenharia de Ilha Solteira 
(UNESP) in Selvíria (20°19‘ S, 51°26‘ W; elevation 327 m). The 
spacing used between trees was 3 x 2 m, with six trees per plot, 
four randomized blocks, and one external border row of the 
same species. In the study area, the relief is moderately flat and 
undulating. The soil is classified as dystrophic Red Latosol (Oxi-
sol) with a clayey texture (Embrapa, 2013). The average annual 

temperature of the warmest months is 23.7º C (December to 
February), and the coldest months is 20.5º C (June and July). 
The average annual rainfall is 1300 mm, with a climate of Aw 
according to the Köppen classification (Hernandez et al., 1995).

Growth traits data
The following silvicultural traits were evaluated at eleven years 
of age: height (H) in meters, using Vertex; diameter at breast 
height (DBH, 1.3 m from the ground surface) in centimeters; 
Survival (S) in percentage (a score of 1 was attributed to plant 
presence and 0 for absence). In total, 864 trees were evaluated, 
504 from MG and 360 from SE.

Biomass, basic specific gravity, and carbon stock
To determine the variables of biomass, basic specific gravity, 
and carbon stock, 45 trees were harvested (15 from MG and 30 
from SE). Trees were selected based on low DBH and less 
bifurcated or crooked stems. To determine biomass, fresh sam-
ples from the crown, leaves, and stem were weighed in the 
field using an analytical balance. Samples were then labeled, 
transported to the laboratory, and air-dried for five days. Sub-
sequently, samples were oven-dried at 65º C until reaching a 
constant weight, and then weighed again using an analytical 
balance. Basic specific gravity (Gb) was determined based on 
the ratio of the oven-dried mass to green volume of DBH disc 
samples (Glass and Zelinka, 2010).

Estimation of variance components
The analyses were performed within and between provenan-
ces. For within provenance analysis, we used mixed linear 
models from REML/BLUP (Resende, 2016), and the following 
statistical model:

y = Xr + Za + Wp + e,

where y, r, a, p, and e refer to effects of data vector, repetition 
(fixed), genetic (random), plot (random), and error (random), 
respectively, and X, Z, and W are the incidence matrices of the-
se effects (Resende, 2002; Resende, 2007a). Genetic parame-
ters were estimated using the statistical software Selegen 
Reml/Blup, Model 93 (Resende, 2007b).

For between provenance analysis, we use the following 
statistical model:

y = Xr + Za + Wp + Ts + e,

where y, r, a, p, s, and e refer to the effects of data vector, repeti-
tion (fixed), genetic (random), plot (random), provenance (ran-
dom), and error (random), respectively, and X, Z, and W are the 
incidence matrices of these effects. We used the software Sele-
gen–Reml/Blup, Model 5 (Resende, 2007b).

The components of the variance and genetic parameters 
were estimated according to the following:
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b) Individual heritability in the strict sense, or the mean of 
     additive effects:

c) Additive heritability within plot:

The coefficient of genetic variation within progenies 
     (CVpg), individual variation (CVgi), experimental variation  
         (CVe),

 
         and effects of parcels (  
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) were estimated as follows:

d) Coefficient of individual additive genetic variation:

e) Coefficient of genotypic variation within progenies:

f ) Coefficient of experimental variation:

g) Coefficient of relative variation: 

h) Coefficient of determination effects of parcels (  
2
pĈ

 ):

Results

Biomass, basic specific gravity, and carbon stock
In the analysis between provenances (Table 1) biomass varied 
for all traits, but not for the analysis between progenies. The 
average values of the crown, stem, and leaf were 3.74, 3.36, and 
2.18 kg, respectively. Wood basic specific gravity (Gb) presented 
an average of 0.45 g.cm-³. The coefficient of individual genetic 
variation ranged from 0.7 % (basic specific gravity) to 56.2 % 
(crown). The coefficient of genotypic variation of progenies 

ranged from 0.3 % (Gb) to 28.1 % (crown). The individual heri-
tability ranged from 0.6x10-³ for Gb to 0.1x10¹ for crown and 
leaf.

For the Mogi Guaçu (MG) provenance, the crown and stem 
traits varied among progeny, whereas for Selvíria (SE), no diffe-
rences were found (Table 2). The average values of the dried 
mass of the MG provenance ranged from 0.45 g.cm-3 (Gb) to 
4.57 g.cm-3 (crown), while the SE provenance varied from 0.44 
g.cm-3 (Gb) to 3.19 g.cm-3 (stem). MG presented a higher ave-
rage than SE. The Gb of MG was 0.45 g.cm-³, while that of SE was 
0.44 g.cm-3. The estimated heritability at individual level ( 2

aĥ  ) 
was high for leaf and stem (0.4x10-1) in the MG provenance, but 
of low magnitude compared to Gb (0.1x10-1). The SE prove-
nance presented values from 0.7x10-3 for crown, leaf, and stem 
to 0.4x10-2 for Gb. The determination coefficient effects of par-
cels (

 
2
pĈ ) for MG ranged from 0.1x10-1 for crown, leaf, and 

stem to 0.2x10-1 for Gb, while for SE it varied from 0.1x10-1 for 
crown to 0.09 for Gb. The coefficients of individual genetic vari-
ation (CVgi) of MG presented values from 3.7 % (Gb) to 77.4 % 
(crown), and SE presented values from 0.6 % (Gb) to 2.8 % (leaf ). 
The coefficient of experimental variation (CVe) for MG ranged 
from 5.13 % (Gb) to 70.3 % (crown), and for SE it varied from 4.3 
% (Gb) to 17.0 % (leaf ). The higher values for the coefficient of 
relative variation (CVr) were presented by leaf and stem of MG 
(0.63) and for crown, leaf, and stem of SE (0.08). Gb showed 
values with least magnitude at 0.1 % and 0.4 % for MG and SE, 
respectively. The accuracy of MG presented values from 0.05 
(Gb) to 0.78 (leaf ) and for SE from 0.13 (Gb) to 0.16 (leaf ) and 0.16 
(stem).
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Table 1 
Estimates of statistical and genetic parameters of the joint 
analysis for traits related to dry mass: crown, leaf, stem and 
basic specific gravity (Gb) in a test of progenies and origins of 
11-year-old Genipa americana in Selvíria - MS.

Estimates Crown (kg) Leaf (kg) Stem (kg) Gb (g.cm-³) 

 
 

0.1.10-1 ±0.9.10-2 0.1.10-1 ±0.9.10-2 0.1.10-1 ±0.9.10-1 0.6.10-3 ±0.1.10-2 

2
pĈ  

 
0.9.10-2 0.1.10-1 0.1.10-1 0.1.10-1 

giCV  (%) 56.2 14.7 14.4 0.7 

gpCV  (%) 28.1 7.3 7.2 0.3 

eCV  (%) 61.8 17.9 17.7 4.8 
m̂  3.74 2.18 3.36 0.45 
LRT (2) prog 3.81 1.87 1.85 0.01 
LRT (2) prov 16.17** 15.2** 15.06** 7.62** 
Heritability at individual level ( ); Determination coefficients: The effects of parcels ( 2

pĈ ); Variation coefficients: Individual additive genetics ( giCV ); 

Genotypic between progenies ( gpCV ); Experimental ( eCV ); General average ( m̂ ); *P< 5% at 1 degree of freedom, ** P< 1% at 1 degree of 
freedom; LRT: Likelihood Ratio Test. 

2
aĥ

2
aĥ
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Carbon Stock
The carbon stock values were higher in SE in all compartments 
compared to MG (Table 3).

Variation within provenances for growth traits
The likelihood ratio test (LRT) showed significant differences at 
5 % probability at 11 years of age between the MG and SE pro-
geny for DBH and H (Table 4). Average survival was lower for 
MG (76 %) than SE (82 %), and average values obtained for H 
(8.59 m and 9.39 m) and DBH (6.53 and 7.23 cm) were lower in 
SE than MG.

The Variation coefficients: Individual Additive genetics 
(CVgi) was higher in MG than SE. It also exceeded the values for 
the coefficient of genotypic variation between progeny (CVgp), 
revealing greater genetic variation within progeny. Values for 
coefficients of determining effects of parcels were high for 
most traits, indicating environmental influence between par-
cels within blocks. Another parameter that must be considered 
is the coefficient of experimental variation (CVe). This should be 
maintained at appropriate levels for each species and evalua-
ted trait. Of all traits, accuracy was greatest for DBH (0.78) in 
MG, and the lowest value for this parameter was found in the 
SE provenance for survival (0.11). Mean heritability ( 2

aĥ  ) in MG 
for H was 0.51, for DBH was 0.47, and for S was 0.24; for SE, heri-
tability was 0.01 for all traits.

Variation between provenances for growth traits
Genipa americana showed significant differences at 1 % proba-
bility between provenances for H and DBH and at the parcels 
level for all estimated traits (Table 5). At the progeny level, no 
significant differences were found. Average values for the 
11-year-old progeny indicate that G. americana presented 
rapid growth for the evaluated traits (DBH of 9.00 cm and H of 
6.88 m). The coefficient of experimental variation (CVe) presen-
ted high values for H and DBH, suggesting limited environ-
mental control. This was confirmed by the results for the coef-
ficient of determination effects of parcels, which were above 
10 % for the studied traits, demonstrating the presence of envi-
ronmental heterogeneity within plots. However, even with 
possible environmental interference in the estimates of gene-
tic parameters for these traits, extensive genetic variation was 
detected between progenies with values of 12.9 % for H and 
12.4 % for DBH.

Table 2 
Estimates of genetic parameters for dry mass: crown, leaf, 
stem and basic specific gravity (Gb) of the DBH disc in a test of 
progenies and provenances for 11-year-old Genipa americana 
in Selvíria – MS.

 Mogi Guaçu Selvíria 

Estimates crown (kg) leaf (kg) stem (kg) Gb (g.cm-³) crown (kg) leaf (kg) stem (kg) Gb (g.cm-³) 
2
aĥ  0.3.10-1 

±0.1.10-1 
0.4.10-1 

±0.2.10-1 
0.4.10-1 

±0.2.10-1 
0.1.10-1 

±0.1.10-1 
0.7.10-3 

±0.2.10-2 
0.7.10-3 

±0.2.10-2 
0.7.10-3 

±0.2.10-2 
0.4.10-2 

±0.2.10-1 
2
pĈ  0.1.10-1 0.1.10-1 0.1.10-1 0.2.10-1 0.1.10-1 0.1.10-1 0.1.10-1 0.09 
2
mĥ  0.5.10-1 0.6.10-1 0.6.10-1 0.3.10-1 0.2.10-2 0.2.10-2 0.2.10-2 0.1.10-1 

aâr  0.74 0.78 0.78 0.5.10-1 0.16 0.16 0.16 0.13 

giCV  (%) 77.4 21.6 21.3 3.7 2.7 2.8 2.7 0.6 

gpCV  (%) 38.7 10.8 10.7 1.9 1.3 1.4 1.4 0.3 

eCV  (%) 70.4 17.0 17.0 5.1 16.4 17.0 16.5 4.3 

rCV  0.55 0.63 0.63 0.36 0.08 0.08 0.08 0.07 
m̂  4.57 2.29 3.53 0.45 2.98 2.06 3.19 0.44 
LRT (2) prog 1184.5** 2.92 23.62** 0.86 0.01 0.01 0.01 0 

Heritability at individual level ( 2
aĥ ); Determination coefficients: The effects of parcels ( 2

pĈ ); Mean heritability ( 2
mĥ ); Accuracy ( aâr ); Variation 

coefficients: Individual Additive genetics ( giCV ), Genotypic between progenies ( gpCV ), experimental ( eCV ) and relative ( rCV ); General average ( m̂
); *P< 5% at 1 degree of freedom, ** P< 1% at 1 degree of freedom; LRT: Likelihood Ratio Test. 
 

Table 3 
Carbon stock in a test of progenies and provenances of 
11-year-old Genipa americana in Selvíria – MS.

Carbon storage Mogi Guaçu SP (kg) Selvíria MS (kg) 

Crown 49.59 61.7 
Leaf 6.65 7.13 
Stem 103.51 157.26 
 

Table 4 
Estimates of genetic parameters for height (H), diameter at 
breast height (DBH) and survival (S) of 11-year-old Genipa 
americana in Selvíria – MS.

 Mogi Guaçu Selvíria 

Estimates H (m) DBH (cm) S (%) H (m) DBH (cm) S (%) 

2
aĥ  0.51±0.23 0.47± 0.22 0.24± 0.13 0.01± 0.03 0.01± 0.03 0.0± 0.01 

2
pĈ  0.30 0.18 0.19 0.28 0.12 0.19 

2
mĥ  0.56 0.61 0.42 0.02 0.02 0.01 

aâr  0.74 0.78 0.65 0.16 0.16 0.11 

giCV  (%) 16.4 19.0 27.7 2.3 2.4 2.9 

gpCV  (%) 8.22 9.5 13.9 1.1 1.2 1.5 

eCV  (%) 14.5 15.0 32.0 14.2 14.8 26.4 

rCV  0.6 0.6 0.4 0.08 0.08 0.05 

m̂  7.23 9.39 0.76 6.53 8.59 0.82 

LRT (2) prog 3.16 4.32* 1.97 0.01 0 0 

 Individual heritability in the narrow sense ( ); Determination coefficients: The effects of parcels ( ); Mean heritability ( 2
mĥ ); Accuracy ( aâr ); 

Variation coefficients: Individual Additive genetics ( giCV ), Genotypic between progenies ( gpCV ), experimental ( eCV ) and relative ( rCV ); General 

average ( ); *P< 5% at 1 degree of freedom, ** P< 1% at 1 degree of freedom; LRT: Likelihood Ratio Test. 
 

2
aĥ 2

pĈ

m̂

Table 5 
Estimates of genetic parameters for height (H), diameter at 
breast height (DBH) and survival (S) of 11-year-old Genipa 
americana progenies in a joint analysis between populations 
of Mogi Guaçu and Selvíria.

Estimates H (m) DBH (cm) S (%) 
 0.25 ± 0.11 0.17 ± 0.09 0.09 ± 0.06 
 0.25 0.15 0.22 

 (%) 12.9 12.4 15.4 

gpCV
 (%) 4.1 4.2 5.3 

(%) 15.0 15.8 30.8 
 6.88 9.00 0.79 

LRT (2) Prov 21.85** 12.85** 1.21 
LRT (2) Prog 2.31 1.61 0.54 
LRT (2) Parc 67.5** 25.01** 53.6** 

Individual heritability in the narrow sense ( ); Determination coefficients: The 

effects of parcels ( ); Variation coefficients: Individual Additive genetics  

( giCV ), Genotypic between progenies ( gpCV ), experimental ( eCV ); General 

average ( ); *P< 5% at 1 degree of freedom, ** P< 1% at 1 degree of freedom; 
LRT: Likelihood Ratio Test. 
 
 

2
aĥ
2
pĈ

giCV

eCV

m̂

2
aĥ

2
pĈ

m̂
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For survival, the significance was only detected at the plot 
level; thus, the trunk shape of the trees (architecture) may not 
have been the result of genotypic expression, but rather due to 
behavior and competition of plants within plots. In other 
words, the experimental design contributed to trees with 
straighter trunks and less bifurcation. Meanwhile, individual 
heritability within the two provenances was low for all traits, 
indicating limited genetic control of the traits.

Discussion

We detected genetic variation in growth traits, biomass pro-
duction, and carbon sequestration for 11-year-old G. america-
na trees analyzed individually and together. The likelihood 
ratio test demonstrated the existence of genetic variation in 
these traits within and between provenances, with the possibi-
lity of genetic improvement during the implementation of 
conservation strategies. Based on the scale defined by Resen-
de (2002), heritability is considered low magnitude when 2

aĥ   
< 0.15, average magnitude between 0.15 < 2

aĥ   < 0.50, and 
high with 2

aĥ   > 0.50. Therefore, the heritability for growth 
traits, biomass production, and carbon sequestration found 
herein were moderate to high. Estimates of the coefficient of 
individual heritability in the restricted sense allows us to evalu-
ate if the traits are heritable (Bueno et al., 2001). Studies on 
individual heritability within provenances for native trees in 
Brazil have reported low values for these growth traits (Kubota 
et al., 2015; Sant’ana et al., 2013; Senna et al., 2012; Guerra et al., 
2009; Rocha et al., 2009; Souza et al., 2003). 

The MG provenance has greater genetic variability, while 
the SE provenance has a restricted genetic base. Genetic varia-
tion coefficients above 7 % are considered high (Sebbenn et al., 
1998). Low magnitude values for the coefficient of variation of 
plots indicate good precision in the method used to evaluate 
the traits analyzed and the experimental design (Kageyama et 
al., 1977). According to Vencovsky and Barriga (1992), traits 
with a higher relative coefficient of variation are indicated for 
selection. Therefore, selecting trees with greater carbon sto-
rage capacity would be the best strategy for individuals in the 
MG provenance based on leaf and stem traits. The estimate of 
accuracy showed intermediate values (25 < aâr  < 75%) 
(Resende, 2002), and represent the relationship between the 
true and estimated individual genetic value.

Values of carbon stock and plant biomass of the 45 trees 
harvested from the provenance and progeny test represent 
the phase at which resources are invested in fruit production. 
The carbon stock of G. americana presents values above those 
indicated in the literature. For example, Lacerda et al. (2009) 
observed greater concentration in the canopy than the other 
two compartments in plantations of native Atlantic Forest spe-
cies in Brazil at 2, 4.5, 5.5, and 7 years of age. Further, Salomão 
et al. (2014), assessing agroforestry systems (AFS) at five years, 
reported 9.85 kg for seven trees (all parts); Vieira et al. (2009) 
found 1.14 kg in the leaves, 9.27 kg in the canopy, and 22.21 kg 
in the stem of Nectandra grandiflora; while Fernandes et al. 

(2007) evaluated a Hevea sp. at 12 years of age and found 2.8 kg 
in the leaves, 17.4 kg in the canopy, and 26.6 kg in the stem. 
Schneider et al. (2005) also found higher average values in 
descending order of stem> crown> leaf in Acacia mearnsii at 
four years of age. 

The distribution of carbon storage across plant compart-
ments most often follows the decreasing order of stem> root> 
crown> leaves, as reported by Saidelles et al. (2009) for A. 
mearnsii at four years of age and Caldeira et al. (2015) for Arau-
caria angustifolia at 23 to 32 years. However, this arrangement 
does not always hold true. Urbano et al. (2008) noted that the 
average carbon content of Mimosa scabrella is highest in the 
leaves, followed by bark> branches> stem. This distribution 
can be explained by the initial stages of development of a 
forest plant during which most carbohydrates are directed to 
the production of crown and roots. With time, biomass produc-
tion of the stem increases and then gradually decreases (Schu-
macher, 1996). According to D‘Almeida (1988), the high con-
centration of carbon in tree compartments is a result of wood 
composition, which is 50 % cellulose, 25 % hemicellulose, and 
between 15 to 35 % lignin. On the other hand, leaves, bran-
ches, and roots have considerable carbon concentrations 
when compared to bark.

In general, secondary and young forests stock high levels 
of carbon, with primary forests and mature plantations achie-
ving a balance of carbon sequestration by releasing an equal 
amount to that sequestered through the decomposition of 
dead wood and senescent trees. Thus, it is estimated that one 
hectare of planted trees can absorb around 10 t of carbon per 
hectare per year from the atmosphere (Arevalo et al., 2002).

Studies on experimental plantations similar to the present 
study (with native species and established age) are rare. There-
fore, the information provided herein is novel as it: a) provides 
information on long-term silvicultural behavior of G. america-
na; b) suggests appropriate management measures; (c) asses-
ses the survival rate and adaptation of these species for ex situ 
conservation purposes; d) informs assessments of genetic vari-
ability and control in the field in order to establish improved 
seed orchards to supply the reforestation market; e) provides 
information on biomass productivity and carbon stock, enab-
ling the inclusion of this species in carbon credit programs 
aimed at minimizing the effects of global warming.
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