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ABSTRACT: The response of seeds to reduction in moisture content will determine whether they can
be stored by conventional methods. The objective of this study was to verify the effect of desiccation
on the germination and vigor of cupuassu (Theobroma grandiflorum (Willd. ex Spreng.) K. Schum.)
seeds, a tropical fruit species. The following seed moisture contents (SMC) were tested: 57.1%,
53.7%, 49.8%, 46.5%, 41.4%, 35.4%, 28.3%, 23.2%, 17.4%, 15.5% and 14.6%. Desi ccation of seedsto as
low as 41.4% (SMC) did not affect emergence, germination or vigor. However, reductions in speed of
emergence were observed below 41.4%. When SMC was equal or lower than 35.4% a reduction in seed
quality was observed. Loss of seed quality was increased when moisture content was equal or lower
than 28.3%, and at 14.5% SMC al cupuassu seeds were dead. The observed sensitivity of cupuassu
seeds to reductions in moisture content suggests that storage conditions maintaining SMC higher
than 41% are necessary for good seed vigor of this species.
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SENSIBILIDADE AO DESSECAMENTO DE SEMENTESDE CUPUACU
(Theobroma grandiflorum (Willd. ex Spreng.)
K.Schum.- STERCULIACEAE

RESUMO: A resposta das sementes a reducdo do grau de umidade determinara se as mesmas poderdo
ser armazenadas pelos métodos convencionais. Verificou-se o efeito do dessecamento na germinagdo
e no vigor de sementes de cupuagu (Theobroma grandiflorum (Willd. ex Spreng.) K. Schum.), uma
espécie frutifera tropical. Os seguintes teores de agua foram avaliados. 57,1%, 53,7%, 49,8%, 46,5%,
41,4%, 35,4%, 28,3%, 23,2%, 17,4%, 15,5% e 14,6%. A secagem das sementes até 41,4% de dgua ndo
afeta a germinagdo e o vigor, porém, a velocidade de emergéncia foi reduzida quando o teor de &gua
das sementes atinge 41,4%. Abaixo de 35,4% uma reducdo na qualidade das sementes foi detectada,
a qual foi mais acentuada abaixo de 28,3%. Quando o teor de agua das sementes foi de 14,6% a
deterioragdo foi maxima. A sensibilidade de sementes de cupuagu a reducdo do grau de umidade
sugere que no armazenamento o teor de agua das sementes deve ser mantido em valor superior a 41%.
Palavras-chave: deterioracdo, desidratacdo, secagem, qualidade fisiolGgica
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INTRODUCTION

Knowledge of seed storage behavior is a pre-
requisite for conservation of genetic resources by seed
storage (Hong & Ellis, 1998). Seeds that can be dried
to 6% to 10% SMC and stored at low temperatures
have been classified as orthodox in storage behavior,
while seeds that cannot be dried to these levels with-
out losing viability have been classified as recalcitrant
(Roberts, 1973). Species with recalcitrant seeds face
serious problems with storage because their seeds are
intolerant to desiccation and freezing (Chandel et al.,

1995). Recalcitrant seeds are found in important tropi-
cal species such as Hevea brasiliensis (Willd. ex A.
Juss.) Mll. Arg., Mangiferaindica L. and Theobroma
cacao L. (Hong & Ellis, 1996). This class of seeds does
not undergo maturation drying, and are shed with high
moisture content (Farrant et a., 1988; Pammenter et
al., 1991).

Moisture content is an important issue on the
behavior of recalcitrant seeds during storage (Martins
et a., 2003). Storage of recalcitrant seeds has been
possible with partia drying (Oliveira& Valio, 1992; Bilia
et a., 1998; Gentil et a., 2004; Maluf et a., 2003).
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Therefore, it is essential to determine the effect of des-
iccation on germination and vigor of recalcitrant seeds
for the proper planning and storage of these seeds.

Theobroma grandiflorum (Willd. ex Spreng.)
K. Schum., known as cupuassy, is a tropical fruit tree
with recalcitrant seeds, which are sensitive to drying
(Carvalho et al., 1999). According to authors when
seed moisture content (SMC) of cupuassu was reduced
to 23.1%, germination percentage was 70% and at
SMC of 15% to 17%, all seeds were dead. The ob-
jective of this study was to determine the effect of
seed desiccation on the physiological quality of
cupuassu seeds.

MATERIAL ANDMETHODS

The experiment was carried out at in Belém
(01°28' S, 48°27' W), State of Pard, Brazil. Cupuassu
seeds were obtained from fruits that had fallen to the
ground. Pulp was partialy removed from seeds with
the aid of scissors. The seeds were dried in a forced
air oven, at 24°C to 32°C and 43% to 98% relative air
humidity. Samples were taken every 12 hours, and
SMC was determined in 20 individual seeds (Hong &
Ellis, 1996), in an oven set at 105 + 3°C for 24 h (Brasil,
1992). Moisture content percentage was expressed on
a fresh weight basis (fwb).

The seeds were sown in a horizontal position
a adepth 1.5 cm in pots containing 7 kg (dry weight)
of substrate. The substrate used was a mixture of sand
and sawdust (1:1), previously sterilized in hot water
(100°C) for two hours. Seeds were left to germinate
under a shade net that intercepted 50% of direct solar
radiation with temperature and relative humidity rang-
ing from 21°C to 38°C and 48% to 96%. Pots were
irrigated every three days with 300 mL of water.

The following evaluations were made: Seedling
emergence - Evaluations were proceeded during 30
days with daily counts of the number of emerged seed-
lings. The percentage of final seedling emergence was
obtained 30 days after sowing. A seedling was con-
sidered emerged when it showed a hypocotyl length
of 1.0 cm above the soil surface. Emergence speed
index - Obtained by daily counts of the number of
emerged seedlings quantified during the emergence test
based on the procedure used by Maguire (1962). Ger-
mination - Quantified on the 30" day after sowing and
represents the percentage of normal seedlings. Dead
seeds and abnormal seedlings quantified according to
Brasil (1992) on the 30" day after sowing. At the end
of the emergence test, seedlings were removed from
of the substrate to evaluate hypocotyl diameter, seed-
ling length and seedlings dry mass. The diameter was
measured immediately above cotyledons insertion.

Seedling length consisted of the region between the in-
sertions of the cotyledons to the youngest |eaflet. Seed-
lings were detached from seeds, dried at 80°C for 24
hours and weighted after cooling in a container for 15
minutes. Data for each variable were obtained by the
ratio among the sum of al measures of normal seed-
lings and the number of the seeds of the sample
(Nakagawa, 1999).

Experimental design and statistical analysis -
Pots were arranged in a completely randomized design
with four replications of 25 seeds for each moisture
content. Data were subjected to the Bartlett’s test for
homogeneity of variance (Zar, 1996). No data trans-
formations were necessary. The statistical analysis
consisted of analysis of variance. Treatment means
were compared by Tukey's test (p < 0.05). All analy-
ses were performed using Statistica software (Statsoft,
1999).

RESULTSAND DISCUSSION

Desiccation and germination was not linear
(Figure 1). The initial moisture of cupuassu seeds
(57.1%) was higher than that reported by Carvalho
et al. (1999). This difference may be due to residual
pulp attached to seeds after processing in this study.
Reduction of seed moisture content to 41.4% did not
affect emergence, germination or dead seed percent-
ages (Table 1), nor the hypocotyl diameter, seedling
length and seedling dry mass (Table 2). However, re-
ductions on emergence speed index was observed
when seed moisture content was equal or lower than
41.4%.

Below 41.4 SMC a reduction in seed quality
was observed, and the damage increased when mois-
ture contents were equal or lower than 28.3%. At
14.6% moisture content, all seeds were dead (Table
1). Seeds exhibit reduced viability when SMC reaches

Germination (%) .

Drying (hours) O~

Moisture content (%)

Figure1- Drying (y = 215.8454 - 9.8763x + 0.2299x?- 0.0022x;
R? = 0.98) and germination (y = 100.5694/(1 +
1028.6577(exp(-0.2244x))); R?=0.99) curve cupuassu
(Theobroma grandiflorum) seeds.
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Table 1 - Moisture content (MC), emergence (E), emergence speed index (ESI), germination (G), dead seeds (DS) and
abnormal seedlings (AS), measured on cupuassu ( T. grandiflorum) seeds during drying.

MC Drying time E G DS AS
% hours % e % ----mmmmmm e
57.1 0 100 a 1.406 a 100 a Oa Oa
53.7 12 100 a 1.455 a 100 a Oa Oa
49.8 24 100 a 1.414 a 100 a Oa Oa
46.5 36 96 a 1.361 ab 96 a 4a Oa
41.4 48 92 a 1.211 b 92 a 7a 1ab
35.4 60 76 b 1.003 c 76 b 23 b 1lab
28.3 72 32c 0.373 d 32¢c 67 c 1ab
23.2 84 18 cd 0.222 de 18 cd 78 cd 4b
17.4 96 10 de 0.118 ef 10 de 88 de 2 ab
15.5 108 le 0.013 f le Qe Oa
14.6 120 Oe 0.000 f Oe 100 e Oa

Means followed by the same letter are not different by Tukey (p > 0.05).

Table 2 - Maisture content (MC), hypocotyl diameter (HD),
seedling length (SL) and seedling dry mass (SDM),
measured on cupuassu (T. grandiflorum) seeds
during drying.

MC HD SL SDM
% mm cm g per seedling
57.1 3.72 a 19.29 a 0.416 ab
53.7 3.76 a 19.67 a 0.447 ab
49.8 3.63 a 19.62 a 0.476 a
46.5 3.66 a 19.57 a 0.431 ab
41.4 3.30 a 16.55 ab 0.309 ab
35.4 2.66 b 13.25 b 0.261 bc
28.3 111c 501c 0.080 cd
23.2 0.42 d 2.94 cd 0.041d
17.4 0.39d 1.42d 0.113 cd
155 0.03 d 0.16 d 0.003 d
14.6 0.00 d 0.00 d 0.000 d

Means followed by the same letter are not different by Tukey
test (p > 0.05).

acritical level, and die when SMC reaches alethal level
(Hong & Ellis, 1992). For cupuassu seeds, the criti-
cal and lethal moisture content levels suggested by the
present study were 35.4% and 14.6%, respectively
(Figure 1). Knowledge of moisture levels is key for
planning seed drying and storage protocols (Martins
et a., 2003).

Desiccation of cupuassu seeds can be classi-
fied as dow, as the amount of time required to reduce
moisture content from 57.1% to 14.6 % was 120
hours (Table 1). Drying is fast when it is accomplished
within minutes to a few hours (Marcos Filho, 2005;
Pammenter & Berjak, 2000). Fast dried seeds can typi-

cally survive to lower SMC than those of species that
dry down slowly (Pammenter et al., 2003). In the
present study, the time required to dry the seeds was
shorter than that observed for other tropical species
such as Myrciaria dubia (H.B.K.) McVaugh (Gentil &
Ferreira, 2000), E. edulis Mart. (Martins et al., 2000)
and E. oleraceae Mart. (Nascimento & Silva, 2005).
Martins et a. (2003) noted that differences in the time
required to dry seeds related to species, temperature
and drying rate.

Reduction of water content below 41.4%
caused a increase in the percentage of dead cupuassu
seeds. This level was also reported by Martins et al.
(2003) for Archontophoenix alexandrae Wendl. &
Drude seeds. In the present research the percentage
of abnormal seedlings was not higher than 4%.

CONCLUSION

The observed sensitivity of cupuassu seed to
reductions in moisture content suggests storage con-
ditions maintaining seed moisture content higher than
41% are necessary for this species.
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