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ABSTRACT: Coffea canephora ‘Apoatã’ seeds are used for the formation of rootstocks for grafting of C. arabica seedlings. 
The quality of seeds and the individualization of used genotypes are prevalent factors for the formation of vigorous rootstocks 
that will enhance the formation of quality seedlings. The aim of the present study was to characterize and evaluate the seed 
quality of C. canephora ‘Apoatã’ genotypes for potential use of rootstocks for C. arabica species. Were used seeds of 30 
C. canephora ‘Apoatã’ genotypes, obtained from the experimental field of Embrapa Rondônia in Ouro Preto do Oeste, RO, 
Brazil. The seeds were processed and subjected to germination, first germination count and tetrazolium tests. Moisture, 100-
seed mass and chemical composition analyses of seeds were also determined. The mass, physiological quality and chemical 
composition of C. canephora ‘Apoatã’ seeds vary according to the genotype. The variation of the physiological quality of 
C. canephora ‘Apoatã’ seeds is not related individually to caffeine, total sugars, ash, ether extract, crude fiber protein and 
chlorogenic acid. Seed batches of C. canephora ‘Apoatã’ from different genotypes contain seeds of different sizes, being 
indicated the classification before the processing stage in order to prevent mechanical damages.  

Index terms: Physiological quality, physical quality, germination, rootstock.

AVALIAÇÃO DA QUALIDADE DAS SEMENTES DE Coffea canephora ‘Apoatã’
PARA A PRODUÇÃO DE PORTA-ENXERTOS 

RESUMO: Sementes de Coffea canephora ‘Apoatã’ são utilizadas para formação de mudas de porta enxertos, para enxertia 
com mudas de C. arabica. A qualidade das sementes e a individualização dos genótipos utilizados é fator preponderante para 
a formação de porta enxertos vigorosos que potencializará a formação de mudas de qualidade. O objetivo neste trabalho foi 
caracterizar e avaliar a qualidade de sementes de genótipos de C. canephora ‘Apoatã’ para potencial utilização de porta-
enxertos para a espécie C. arabica. Foram utilizadas sementes de 30 genótipos de cafeeiros ‘Apoatã’ oriundos do Campo 
Experimental da Embrapa Rondônia em Ouro Preto do Oeste-RO. As sementes foram beneficiadas e submetidas aos testes de 
germinação, primeira contagem da germinação e tetrazólio. Também foram determinadas a umidade, a massa de 100 sementes 
e as análises da composição química das sementes. A massa, a qualidade fisiológica e a composição química de sementes 
de Coffea canephora ‘Apoatã’ variam em função do genótipo. A variação da qualidade fisiológica de sementes de Coffea 
canephora ‘Apoatã’ não está relacionada isoladamente aos teores de cafeína, açucares totais, cinza, estrato etéreo, proteína 
fibra bruta e ácido clorogênico. Lotes de sementes de C. canephora ‘Apoatã’ de diferentes genótipos contém sementes com 
diferentes tamanhos, sendo indicada a classificação antes da etapa de beneficiamento para evitar danos mecânicos.  

Termos para indexação: Qualidade fisiológica, qualidade física, germinação, porta enxerto.

1 INTRODUCTION

Coffea arabica L. species shows more 
than 90% of self-fertilization and is considered as 
autogamous, thus being very uniform, reason why 
its cultivars are propagated by seeds. However, 
the grafting technique has been used primarily to 
confer nematode tolerance on cultivars susceptible 
to these diseases (DIAS et al., 2009, 2013).

Besides the possibility of nematode attack 
control, the use of rootstocks can also improve 
plant vigor, increase fruit yield, nutrient use 
efficiency, adaptation to soil conditions and areas 
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with limited rainfall, since some rootstocks have 
a more developed root system (TOMAZ et al., 
2005). However, despite the mentioned benefits, 
the rootstock can also negatively influence the 
development of plants (PAIVA et al., 2012; 
TOMAZ et al., 2005) due to the incompatibility 
that can occur among some used genotypes.

The ‘Apoatã’ is the most commonly C. 
canephora cultivar used as rootstock for C. 
arabica cultivars (PAIVA et al., 2012) due to 
reports of resistance to nematodes from this 
cultivar (FERREIRA et al., 2011; SANTOS et 
al., 2017). However, the C. canephora species is 
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The seeds were processed (elimination of 
the endocarp) and divided into two batches, being 
one of 500 g and another of 100 g. The first batch 
was sent to the Seed Laboratory of the Embrapa 
Rondônia where the tests were performed in order 
to evaluate the physiological and physical quality. 
The second batch was sent to the Laboratory of the 
Seed Sector of the Federal University of Lavras 
where the chemical components of seeds were 
determined. 

The characteristics evaluated were: 
water content, which was performed before 
the germination and vigor tests by the oven-
drying method at 105 °C (±3 °C) for 24 h with 
results expressed as percentage (wet basis); 100-
seed mass, performed with eight replicates of 
100 seeds and with results expressed in grams; 
germination, performed with four replicates of 50 
seeds per batch, in germinator at 30 °C and results 
expressed as percentage of normal seedlings; first 
germination count, determined together with the 
germination test, consisted of the normal seedling 
counting in the 15th day after the test installation 
(BRASIL, 2009), with the results expressed 
as percentage; and tetrazolium test, performed 
according to the methodology of Clemente, 
Carvalho and Guimarães (2012).

In order to perform the chemical analyses, 
the green coffee beans were ground for about 1 
min in a Tecnal model TE 631/2 mill, adding liquid 
nitrogen to facilitate milling and prevent oxidation 
in the samples. After grinding, the samples were 
conditioned in plastic bottles with a screw cap and 
stored in a freezer at -18 ºC until the analyses were 
performed.

For the determination of moisture, crude 
protein, total lipids, crude fiber and ash (fixed 
minerals) in ground coffee seeds, the methods 
described by the Association of Official 
Analytical Chemists (AOAC, 1997) were used. 
Total sugars were determined by the method 
of Somogyi & Nelson (NELSON, 1944). Total 
chlorogenic acids were evaluated according to 
the methodology proposed by Clifford and Wight 
(1976), and the caffeine content was determined 
by spectrophotometry according to methodology 
proposed by Li, Berguer and Hartland (1990).

Tests were performed using completely 
randomized design with four replicates. Data 
were subjected to analysis of variance (p≤0.05) 
and the averages were grouped by  Scott-Knott 
test (p≤0.05) through the SISVAR software 
(FERREIRA, 2008). The association among 
the evaluated characteristics was measured by 
Pearson correlation coefficient and its significance 
was verified by Student’s t test (p≤0.05).

allogamous, which entails great variability among 
the plants (MONTAGNON; CUBRY; LEROY, 
2012; MOTTA et al., 2014; SOUZA et al., 2013). 
Thus, seeds from the ‘Apoatã’ cultivar are in 
practice crossbreeds of genotypes derived from 
a plant population. Moreover, once the cultivar 
has been propagated by seed over the years, the 
populations distributed in Brazil are distinct, 
being possibly in different generations (AGUIAR 
et al., 2005).

Based on this genetic variability, it is 
believed that the different responses found in the 
literature (DIAS et al., 2008, 2009; TOMAZ et 
al., 2005) are due to the interactions between the 
grafted cultivars and the ‘Apoatã’ populations, 
since the studies do not report the individualization 
of the used ‘Apoatã’ genotypes.

The genotype individualization may imply 
in the grafting process since seed obtaining and 
germination, considering that, similarly as C. 
arabica, the genetic variability can lead to different 
seed sizes (GIOMO; NAKAGAWA; GALLO, 
2008), integument resistance (MEIRELES et al., 
2007; RUBIM et al., 2010), and concentration of 
inhibitory substances (ROSA et al., 2007). For 
instance, some authors suggest that the caffeine 
present in the endosperm may affect the seed 
germination (MEIRELES et al., 2007; ROSA et 
al., 2006), although the influence process is not 
totally known.

The aim of the present study was to 
characterize and evaluate the quality of C. 
canephora ‘Apoatã’ seeds for production of 
rootstocks for C. arabica species.

2 MATERIAL AND METHODS
The research was performed at the Seed 

Laboratory of the Brazilian agricultural research 
company (Embrapa), in Porto Velho, RO, Brazil, 
and at the Laboratory of the Seed Sector of the 
Federal University of Lavras, in Lavras, MG, 
Brazil. Seeds of C. canephora ‘Apoatã’ derived 
from crops with 15 years of age were used, located 
in the experimental field of Embrapa, in the 
municipality of Ouro Preto do Oeste, RO, Brazil. 
The crop was formed based on seeds obtained from 
the Federal University of Viçosa in the 1990s.  A 
total of 30 genotypes of late maturation cycle 
were selected, from which fruits were harvested 
manually in the “cherry” stage. The fruits were 
pulped in horizontal pulpers model DPMM-02 
(Pinhalense®) and the seeds were dried under 
shade until reaching 13% moisture. After drying, 
the seeds were packed in paper bags and kept in 
air conditioned rooms at 25±2 °C.
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3 RESULTS AND DISCUSSION

The C. canephora genotypes presented 
different seed mass, being grouped into 13 size 
classes ranging from 10.34 g to 22.85 g (Table 
1). Differences among genotypes have also been 
reported for 89 genotypes from the Embrapa 
Rondônia active germplasm bank (ROCHA et al., 
2013). These results reflect the genetic variability 
among genotypes, since they constitute a 
population of individuals derived from allogamy.

Seed size variability was also found in 
39 progenies, F4 generation, derived from the 
C. arabica hybridization, whose evaluation 
allowed differentiating four grains size groups 
(PEDRO et al., 2011). These results reinforce 
that segregating genotypes from the genus Coffea 
spp. may show high phenotypic variability. These 
authors also suggest that seed sizes have simple 
genetic control, but are usually associated with 
other characteristics, varying according to the 
age, position in the plant, year, yield and general 
growth conditions at the time of endosperm and 
seed development.

Regarding the physiological quality of 
seeds, the germination test showed different 
levels of quality, although most of the genotypes 
showed germination above 70% (Table 1). Based 
on the results, it was possible to differentiate six 
genotype groups with similar germination. 

Still based on the first germination count 
test, variations from 22 to 90% were observed, 
which allowed forming four distinct groups, with 
27 out of 30 genotypes presenting vigor equal to 
or above 60% and thus framing into groups A and 
B (Table 1).

In the present study, there was no significant 
differences among the evaluated genotypes for 
water and ash (fixed mineral), presenting an average 
content of 12.48% and 4.07%, respectively. The 
other variables caffeine, total sugars, ether extract, 
crude protein, crude fiber and chlorogenic acids 
were significant (Table 2). 

Regarding the results of the chlorogenic 
acid contents, significant differences were 
observed among the genotypes (Table 2), 
being that the genotype 30 showed the lowest 
percentage (7.03%) and the genotype 22 the 
highest on (9.58%) and the found average content 
was 8.31%.  The results are lower than observed 
by Aguiar et al. (2005), which found a content 
of 5.99% in their studies related to the chemical 
diversity of C. canephora species from the same 
cultivar under study. Chlorogenic acid (5-CQA) 

is one of the major soluble phenolic compounds 
that accumulated in green coffee beans and exert a 
protective, antioxidant action of aldehydes, which 
is an important factor in the maintenance of seed 
quality during storage (ABRAHÃO et al., 2009; 
MAHESH et al., 2007). However, despite the 
differences, no correlation was observed between 
chlorogenic acid contents and physiological 
quality of the seed.  

Germination was negatively correlated with 
seed size (-0.64), with caffeine content (-0.33), 
total protein content (-0.34) and ash (-0.40), but 
correlated positively with the tetrazolium test 
(0.41) (Table 3).

The first count, as well as the germination, 
was also negatively correlated with the 100-seed 
mass (-0.65), caffeine content (-0.42), total protein 
content (-0.37) and ash (-0.48), but positively 
correlated with the tetrazolium test (0.39) (Table 
3). The 100-seed mass was negatively correlated 
with the viability of seeds by the tetrazolium test 
(-0.39) (Table 3).

The negative correlation between 
physiological quality and seed size differs from 
those reported for C. arabica, whose seeds of 
smaller size showed lower physiological quality 
than the larger one (GIOMO; NAKAGAWA; 
GALLO, 2008). However, it is believed that, for 
the results found in the present study, the lower 
germination of higher mass seeds is associated 
to damages during pulping, since the equipment 
regulation was not altered for the different 
fruit sizes, which is confirmed by the negative 
correlation between the 100-seed mass and vigor 
by the tetrazolium test.

With the relationship of the mechanical 
damages to the low physiological quality of seeds, 
it can be suggested that the seed classification 
by size before the processing is an alternative to 
the use of ‘Apoatã’ seeds, without distinction of 
genotypes. However, the separation of seeds by 
size is a necessary but not sufficient condition 
for adequate selection in order to estimate their 
physiological potential and to form quality 
seedlings. This is because, despite the presented 
correlation, some genotypes, such as genotypes 14 
and 24, showed low indices of 100-seed mass as 
well as low values of germination and vigor. These 
results suggest that the physiological quality of the 
studied seeds is related not only to size but also to 
other characteristics inherent to the genotype. 

The ash content correlated negatively with 
germination and the first germination count, 
i.e., the higher the ash content, the lower the 
germination and vigor of the seed (Table 2). 
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TABLE 1 - Physiological quality (WC: Water content; HSW: 100-seed mass; G: Germination; FGC: First 
germination count; TZ: Tetrazolium) of seeds from 30 C. canephora ‘Apoatã’ genotypes.

Genotype (Clone) WC HSW G FGC TZ
1 11.20 16.11f 65d 65b 17e
2 11.21 14.70h 77c 76a 65b
3 10.82 22.13b 57e 41c 55b
4 10.98 11.78k 77c 67b 68b
5 10.74 12.62j 82c 78a 83a
6 11.28 20.07c 72c 60b 26d
7 11.06 10.98l 84b 84a 63b
8 11.18 16.30f 73c 67b 23d
9 11.82 14.73h 74c 68b 51b
10 11.39 11.34l 78c 78a 73a
11 11.51 15.45g 85b 84a 41c
12 11.77 14.10i 91a 80a 63b
13 12.63 13.91i 81c 71b 72a
14 11.02 14.54h 57e 36c 28d
15 10.49 22.85a 35f 22d 32c
16 10.44 12.63j 83b 83a 61b
17 11.21 18.10d 79c 74a 29d
18 13.09 16.95e 83b 77a 10e
19 13.05 14.76h 80c 80a 26d
20 11.68 14.07i 79c 79a 76a
21 12.02 13.93i 83b 81a 64b
22 11.86 14.57h 92a 90a 66b
23 11.77 16.69e 81c 78a 45c
24 11.40 11.95k 78c 64b 58b
25 11.68 12.34j 88a 85a 81a
26 11.72 14.82h 76c 75a 63b
27 11.71 14.44h 80c 71b 67b
28 10.93 14.76h 84b 79a 62b
29 11.49 16.30f 74c 67b 15e
30 11.80 10.34m 80c 78a 70a
Average ----- 14.94 77.30 71.48 51.76
CV(%) ----- 2.66 6.88 8.67 18.20

Averages followed by the same letter in the column are not significant different by Scott-Knott test (p≤0.05).
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TABLE 2 - Chemical characteristics (caffeine, total sugars, ash, ether extract, protein, crude fiber and chlorogenic 
acid) of seeds from 30 C. canephora ‘Apoatã’ genotypes.

Genotype 
(Clone)

Caffeine
%

Total
sugars %

Ash % Ether
extract%

Crude 
protein %

Crude fiber% Chlorogenic 
acids%

1 1.48h 4.24d 3.96a 5.82b 17.38e 12.80e 8.29f
2 1.74f 4.17d 3.88a 5.57b 17.50e 14.03d 7.99g
3 1.97b 3.80e 4.04a 5.24c 17.39e 10.10e 9.40b
4 1.75f 5.03a 4.28a 5.67b 16.59f 12.13e 8.91c
5 1.47h 4.00e 3.45a 6.48a 18.18d 13.46d 7.80h
6 1.72f 4.34c 4.10a 5.23c 14.75g 13.66d 8.65e
7 1.62g 4.24d 3.56a 4.68d 17.39e 13.80d 7.82h
8 1.77e 3.83e 4.20a 4.10e 16.75f 14.56c 8.69e
9 1.60g 4.61b 3.84a 5.38c 18.38d 13.73d 7.47k
10 1.90c 4.67b 4.17a 4.83d 16.62f 13.40d 8.77d
11 1.83d 3.89e 4.13a 5.99b 17.38e 13.60d 8.92c
12 1.73f 4.24d 4.32a 5.68b 17.95d 12.60e 8.04g
13 1.93c 4.32c 4.07a 5.20c 20.19b 14.40c 7.72i
14 2.10a 4.33c 5.96a 4.66d 22.88a 14.50c 7.89h
15 2.06a 4.38c 4.35a 3.85e 20.11b 16.40b 8.78d
16 1.05l 3.61f 3.84a 3.96e 17.85e 14.80c 7.64j
17 1.29k 3.88e 4.08a 5.28c 14.93g 14.46c 7.87h
18 1.61g 4.37c 3.89a 4.84d 17.50e 15.20c 8.81c
19 1.80e 4.17d 4.08a 5.12c 18.54d 15.13c 9.40b
20 1.49h 4.14d 4.45a 4.59d 17.61e 15.46c 8.88c
21 1.48h 3.88e 4.09a 4.37d 14.94g 18.90a 8.74d
22 2.06a 3.86e 4.25a 4.05e 19.41c 14.96c 9.58a
23 1.51h 4.70b 3.69a 3.76e 17.51e 17.13b 7.29l
24 2.00b 4.41c 4.03a 5.62b 17.61e 16.00b 7.47k
25 1.43i 4.42c 3.91a 5.91b 16.40f 15.20c 8.05g
26 1.93c 4.36c 4.31a 5.39c 19.34c 18.73a 8.87c
27 1.39j 4.17d 3.51a 4.13e 17.61e 17.33b 8.84c
28 2.08a 4.11d 3.73a 4.96c 16.19f 16.30b 8.07g
29 1.70f 4.10d 3.90a 5.28c 18.17d 19.53a 7.60j
30 1.82d 4.17d 4.03a 5.34c 19.49c 15.66c 7.03m
Average 1.71 4.22 4.07 5.03 17.75 14.93 8.31
CV(%) 1.39 2.60 15.99 4.32 2.81 4.67 0.60

Averages followed by the same letter in the column are not significant different by Scott-Knott test (p≤0.05).
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TABLE 3 - Pearson correlation coefficient among the analyzed variables (HSW: 100-seed mass; CAF: Caffeine; 
TS: Total Sugars; ASH: Ash; EE: Ether extract; PT: Protein; CF: Crude fiber; CA: Chlorogenic acid; FGC: First 
germination count; G: Germination; TZ: Tetrazolium) for seeds from 30 C. canephora ‘Apoatã’ genotypes.

CAF TS ASH EE PT CF CA FGC G TZ
HSW 0.16ns -0.18ns 0.09ns -0.22ns 0.06ns 0.06ns 0.35* -0.64* -0.64* -0.59*
CAF 0.21ns 0.45* 0.03ns 0.45* -0.06ns 0.25ns -0.42* -0.33* -0.05ns

TS 0.09ns 0.14ns 0.08ns -0.04ns -0.14ns -0.14ns -0.11ns 0.07ns

ASH -0.11ns 0.52* -0.07ns 0.16ns -0.48* -0.40* -0.22ns

EE -0.12ns -0.37* -0.17ns 0.14ns 0.18ns 0.14ns

PT 0.06ns -012ns -0.37* -0.34* -0.01ns

CF -0.15ns 0.13ns 0.09ns -0.07ns

CA -0.08ns -0.11ns -0.09ns

FGC 0.95* 0.39*
G 0.41*

*Significant and nsNot significant by the t-test (p≤0.05).

Such correlation may be associated with 
protein and caffeine contents, since these two 
substances negatively affected the germination and 
the first germination count. Furthermore, protein 
and caffeine contents were the only components 
that correlated positively with ash content (Table 
2). The negative correlation between physiological 
quality and caffeine content suggests that this 
substance may be associated with inhibition of 
germination and vigor. According to Rosa et al. 
(2007), the presence of caffeine may cause self-
inhibition of coffee seed germination. This fact 
may explain the low germination and vigor of 
the genotypes 14 and 24, which showed 2.10 
and 2.00% caffeine, respectively. These results 
corroborate those reported for C. canephora 
‘Apoatã’, in which the exogenous application of 
caffeine reduced the rooting rate, root length and 
root fresh mass (ROSA et al., 2006).

Despite the negative correlation and 
behavior of genotypes 14 and 24, the results 
of genotypes 22 and 28 counteract with the 
evidences, since they showed high contents of 
caffeine (2.06 and 2.08%) and high physiological 
quality (92 and 84% germination), respectively 
(Table 1). Behavior similar to caffeine occurred 
with ash and crude protein contents, since there 
was a negative correlation for these components, 
but with low intensity, indicating that high 
ash or protein content does not reflect in low 
physiological quality for some genotypes. These 
results suggest the existence of other endogenous 
or exogenous factors associated with the quality of 
C. canephora ‘Apoatã’ seeds.

The contents of total sugars, total lipids; 
crude fiber and chlorogenic acid varied according 
to the studied genotype (Table 3). However, 
these constituents did not correlate with the 
physiological quality of coffee seeds (Table 2).

The slow germination of coffee seeds has 
been attributed to several probable causes, such 
as physical or chemical barriers, presence of 
inhibitors or hormonal balances, and probably all 
these factors can influence it together. Additionally, 
seed germination is a complex process in which 
innumerable metabolic events are involved and 
several factors act simultaneously, under genetic 
control and under influence of several external 
factors (ROSA et al., 2006).

The results of the present study suggest 
that the physiological quality of C. canephora 
‘Apoatã’ seeds varies according to the genotype 
that originated such seeds. However, the evaluated 
chemical components did not allow inferring 
about the origin of such variation.

4 CONCLUSIONS
The physiological quality and chemical 

composition of C. canephora ‘Apoatã’ seeds vary 
according to the genotype.

The variation of the physiological quality 
of C. canephora ‘Apoatã’ seeds is not related 
individually to caffeine, total sugars, ash, ether 
extract, crude fiber protein and chlorogenic acid.

Seed batches of C. canephora ‘Apoatã’ 
from different genotypes contain seeds of different 
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sizes, being indicated the classification before the 
processing stage in order to prevent mechanical 
damages. 
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