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ABSTRACT

The objective of the present study was to establish a relationship
between mericarps color and internal morphology of parsley with
the germination, using sorting by coloration and the X-ray test. The
completely randomized design was used, with four replications per
treatment. The treatments were constituted of four lots (A, B, C and D)
and three mericarps colors (green, yellow and black) in 4x3 factorial
experiment. The mericarps were exposed to X-ray test (60s; 20kV),
being used the digital equipment Faxitron X-ray, model MX-20 DC12
and then, the irradiated mericarps were submitted to the germination
test. The yellow mericarps showed higher germination and speed
germination index. The green mericarps showed deformations and
impaired formation of embryo, while black and yellow mericarps
showed up without deformation and with a well-formed embryo.
We concluded that there is a relationship between parsley seed
germination and mericarps color. Poorly formed embryos and
misshapened seed coats are related to green mericarps.

Keywords: Petroselinum crispum, X-ray, seed analysis, sorting by
coloration.

RESUMO

Germinacao de sementes de salsa em funcio da coloracio do
carpidio e da morfologia interna

O trabalho teve o objetivo de relacionar a coloragao do carpidio
¢ a morfologia interna de sementes de salsa com a germinagao, por
meio da classificag@o visual por coloragao e do teste de raios X. O
delineamento experimental utilizado foi inteiramente casualizado,
com quatro repeti¢cdes por tratamento, constituidos de quatro lotes
(A, B, Ce D) e trés coloragdes dos carpidios (verde, amarela e preta)
em esquema fatorial 4x3. As sementes foram radiografadas (60 s;
20 kV), utilizando o equipamento digital Faxitron X-ray, modelo
MX-20 DC12 e, em seguida, foram submetidas ao teste de germi-
nac¢do. Verificou-se que os frutos de coloragao amarela foram os que
apresentaram as maiores taxas de germinacao e indice de velocidade
de germinagao (IVG). Os frutos com carpidio de coloracdo verde
apresentaram deformagdes e ma formagao do embrido, enquanto os
frutos de colorag@o amarela e preta apresentaram-se sem deformagdes
e com o embrido bem formado. Pode-se concluir que ha relagdo entre
a germinagdo e a colorag@o dos carpidios das sementes de salsa.
Embrides mal formados e tegumentos deformados estao relacionados
aos carpidios de coloragdo verde.

Palavras-chave: Petroselinum crispum, raios X, analise de sementes,
classificag@o por cor.
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Parsley (Petroselinum crispum) is
commercialized either fresh or
dried, alone or with chives (A/lium
schoenoprasum), forming the seasoning
called “green seasoning” (cheiro verde)
(Heredia-Zarate et al., 2003). This
specie is cultivated mainly by small
farmers who send their production in
natura to market or industry.

One of the limiting factors for
successful parsley cropping has been
the difficulty in obtaining seeds that
permit fast establishment with an
ideal and uniform population, in other
words, vigorous plants. This is due to
the fact that the seeds are derived from
inflorescences composed of sequentially
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formed umbels, that produce seeds with
different degrees of maturity (Hawtuokn
etal., 1962; Gray & Steckel, 1983). One
of the characteristics related to seed
maturation of parsley is the mericarps
color, parsley fruit, commonly treated
as seed-unit (Brasil, 2009a) because,
during this physiological process, the
chlorophyll is degraded, soluble sugars
are synthesized and soluble proteins
modified (Adams et al., 1983; Steckel
et al., 1989; Ward et al., 1992, 1995),
altering the mericarps color.

Even when the harvest is divided up
the seed maturity varies in each umbel
so that germination is uneven (Gray
& Steckel, 1983; Pill & Kilian, 2000).

Thus, seed emergence in the field takes
up to four weeks or more, depending on
the climatic conditions, soil management
and irrigation. Therefore it is viable to
use techniques that standardize the lots,
accelerate germination and identify
problems related to the seed, such as
improving beneficiation, priming and
image analysis (Nascimento, 2009;
Rodrigues et al., 2009).

Image analysis represented by the
X-ray test is a promising technique
due to the possibility of adding some
new and essential information for
seed lot quality control (Cicero &
Banzatto-Junior, 2003). X-ray images
show the seed parts, identify the degree
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of development and other physical
alterations (ISTA, 1995). This test
has been used to study seed internal
morphology, such as in the pumpkin
(Cucurbita moschata) (Carvalho et al.,
2009), pepper (Capsicum annuum cv.
Sigaretta biondo) (Dell’ Aquila, 2007)
and tomato (Solanum lycopersicum)
(Liu et al., 1993).

The objective of the present study
was to establish a relationship between
mericarps color and internal morphology
of parsley with the germination, using
sorting by coloration and the X-ray test.

MATERIAL AND METHODS

The research was carried out in a
laboratory of the “Luiz de Queiroz”
Agriculture College, University of Sdo
Paulo, in Piracicaba, Sdo Paulo state,
Brazil. Parsley mericarps, cv. Lisa
Preferida were used, represented by four
commercial lots.

Prior to defining the treatments, the
lots were characterized by determining
moisture content and the germination
test, that supplied values of first
germination count, germination and
germination speed index (GSI). The
moisture content was established by the
oven method at 105+3°C for 24 hours,
using 0.5 g seed samples for each lot
(Brasil, 2009b). For the germination
test, 50 seeds were sowed on blotting
paper in plastic boxes (11x11x3.5 cm)
and kept in a germinator at 20°C/30°C
alternating temperature. The assess was
realized in 10 (first germination count)
and 20 days after sowing (germination).
The results were expressed in percentage
of normal seedlings (whole numbers)
(Brasil 2009b). After the first (10 days)
and the second (28 days) germination
count, the germination speed index
(GSI) was calculated according to
Maguire (1962).

After characterizing the lots, the
parsley mericarps were separated by
hand and visually by the mericarps
color (Figure 1) to start the treatments,
that consisted of three mericarps color
(green, yellow and black) in four parsley
mericarps lots (A, B, C and D) in 4x3
factorial experiment in a completely
randomized design (CRD) with four
replications.

232

SF Oliveira et al.

The mericarps were submitted to the
X-ray test with four replications of 50
seeds for each mericarps color. For this,
they were fixed with transparent double-
sided adhesive tape on a 1 mm thick
plastic plate and numbered according
to their position for identification. The
mericarps were placed inside a digital
Faxitron X-ray machine, model MX-20
DC12, attached to a computer, placed at
19.1 cm from the X-ray emission source
and exposed during 60 seconds using 20
kV of voltage.

The radiographed seeds were then
submitted to the germination test,
and the values obtained were first
germination count, germination and
germination speed index, as carried out
for the lots characterization. To relate
the morphological characteristics with
the germination percentage and seedling
development, the mericarps were
photographed at the first germination
count.

Data were submitted to analysis
of variance by F test and, when the F
value was significant at 5% probability
(p<0.05), the means were compared by
Tukey test (5%).

RESULTS AND DISCUSSION

There was no significant difference
in mericarps lots of parsley for water
content, first germination count,
germination and germination speed
index, in the assessment carried
out before separating according to
the mericarps color (Table 1). Four
mericarps lots of parsley presented
moisture contents approximately
6.4%; these data are essential for

the discussions of the study because
homogeneous water content in the lots
allows inference that the results obtained
were due to the effects of the treatments
and not to factors intrinsic to the seeds.
Also, the four mericarps lots of parsley
presented 62-63% germination, values
lower than the minimum recommended
for certified seed commercialization
(80%). The mericarps lots of parsley
did not differ for vigor, assessed by the
first germination count and germination
speed index.

After sorting by mericarps color and
repeating the initial tests, significant
differences were observed in all the
lots, regarding the seed physiological
potential with green, yellow and black
mericarps (Table 2).

For the first germination count, the
mericarps with yellow color showed
higher normal plants values, followed
by those with black and green color, in
all the lots (Table 2). This indicated that
the mericarps yellow had higher vigor
than the other color, because the first
germination count can be considered a
vigor test (Nakagawa, 1999).

Azevedo et al. (2010) assessed
the influence of the seed coat color on
production and physiological quality of
fennel seeds (Foeniculum vulgare) and
reported higher vigor in the seeds with
brown rather than green seed coat.

For color comparison, there were
significant difference for the first
germination count and germination
speed index. Within yellow mericarps
the values were higher for the lots C
and D and within black mericarps the
lots B and C were higher than A and D
lots (Table 2). This fact indicated that the

Table 1. Characterization of mericarps lots of parsley through moisture content, first germination
count, germination and germination speed index (GSI) [caracterizagao dos lotes de sementes
de salsa por meio da quantificagdo do teor de agua e dos testes de primeira contagem, ger-
minagdo e indice de velocidade de germinagdo (GSI)]. Piracicaba, ESALQ, 2010.

Moisture First germination Germination
Lots content (%) cm;gnt NS(%) NS (%) GSI Ns
A 6.3 51 63 3.7
B 6.5 55 62 19
C 6.5 56 62 19
D 6.1 54 62 3.8
CV (%) - 5.7 7.4 5.1

NSNon significant at 5% of probability by F test (ndo significativo, 5% pelo teste F).
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Figure 1. Sorting in three mericarps color categories: a) green mericarps; b) yellow mericarps; ¢) black mericarps (classificagdo em trés catego-
rias quanto a coloracao das sementes de salsa: a) sementes verdes; b) sementes amarelas; ¢) sementes pretas). Piracicaba, ESALQ, 2010.

Figure 2. a) Radiography of parsley mericarp with green color showing the deformations in the embryo and coat; b) Mericarp not germinated

(a) radiografia de semente de salsa com colorag@o verde, mostrando as deformagdes no embrido e tegumento; b) semente ndo germinada).
Piracicaba, ESALQ, 2010.
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Table 2. First germination count, germination and germination speed index (GSI) of four parsley mericarps lots sorting by coloration (pri-
meira contagem de germinagdo, germinacao e indice de velocidade de germinag@o (GSI) de quatro lotes de sementes de salsa separadas

por cor. Piracicaba, ESALQ, 2010.

Lots First germination count (%)* Germination (%)* GSI*

Green  Yellow Black Green  Yellow Black Green  Yellow Black
A 7 aC 46 bA 29 bB 16 aC 88 aA 66 aB 0.6 aC 39bA  2.6bB
B 4aC 51 bA 42 aB 15aC 80 aA 64 aB 0.4 aC 40bA 3.2aB
C 3aC 62 aA 45 aB 14 aC 88 aA 67 aB 0.4 aC 4.6 aA 3.4 aB
D 6 aC 61 aA 24 bB 18 aC 82 aA 65 aB 0.6 aC 45aA 2.40bB
CV (%) 10.7 8.1 7.4

*Same capital letters in the row and small letters in the column did not differ from each other by Tukey’s test (5%) [Letras iguais maitsculas
nas linhas e mintisculas nas colunas nao diferem entre si a 5% de probabilidade pelo teste de Tukey].

mericarps color proposed for separation
can highlight the physiological potential
of the seeds and may be more evident
when the lots are more uneven.

For lots comparison, germination was
higher for yellow mericarps, followed
by the black and green mericarps.
Sorting by coloration showed more
homogeneous germination for yellow
mericarps and was equal or higher than
80%, that is the minimum standard for
commercialization (Table 2). This was
not observed in lots before the sorting
by coloration (Table 1) and for the green
and black mericarps (Table 2). The low
germination percentage observed in
green mericarps may be because the
mericarps were immature and their
membrane system may not have been
completely formed, causing the release
of exudates including sugars and thus
favoring fungi development (Marcos-
Filho, 2005), as observed visually in
the present study (data not shown).
The black mericarps may have been
formed at the begin of bloom and, thus,
remained vulnerable to the production
environment for longer, being more
subjected to the deterioration process.
It is pointed out that parsley is a species
that bloom unevenly and it is common
to find seeds that are immature and
deteriorated in their lots.

Similar to parsley, Azevedo et al.
(2010) reported a higher germination
rate for brown seeds of fennel
(Foeniculum vulgare) than green seeds.
The same was reported by Jalink ez
al. (1998) and Perleberg et al.(2001),
who studied the relationship between
chlorophyll content in seed coat and the
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physiological quality of cauliflower and
carrot seeds, respectively, and observed
that seeds with lower chlorophyll
content had higher germination values.
Freitas et al. (2007) assessed cabbage
seed maturity and quality and reported
that those with dark green siliques had
lower germination capacity and uneven
seedling development compared to
the beige seeds, and the percentage of
normal seedlings and beige seeds did not
differ from the purple seeds.

The germination speed index
(Table 2) differed significantly among
the mericarps lots of parsley sorting
by coloration, similar to the results
observed in first germination count
(Table 2). It was observed that the values
obtained for the germination speed
index varied with the mericarps color,
and were higher for yellow than black
and green.

It was observed that was possible to
improve the quality of mericarps lots of
parsley sorting by color because there
was a relationship between germination
and mericarps color. Furthermore,
the X-ray test showed that the green
mericarps had poorly formed embryo
and misshapen coat (Figure 2) while
those with yellow and black mericarps
were not misshapen and the embryos
were well formed.

It can be inferred from these results
that there is a relationship between the
seed color and its internal morphology.
Green seeds come from early harvest,
that is, they have not reached the
point of physiological maturity that
represents the moment of maximum
seed quality (Nascimento, 2009). The

influence of internal morphology on
seed physiological quality has also been
observed in some studies, including
that by Carvalho et al. (2009), who
reported a relationship between the
internal morphology and seeds quality
by the X-ray test. Nakada et al. (2011)
assessed the maturity stage of cucumber
seeds by the X-ray test and concluded
that the harvest period of the cucumber
seed was directly related to germination.
Similarly, Gagliardi (2009) observed
the efficiency of X-rays in detecting
anomalies in sweet pepper seeds that
allowed improvement in the quality of
the lot by discarding the badly shaped
seeds.

Thus it was concluded that there
is a relationship between parsley seed
germination and mericarps color. Poorly
formed embryos and misshapen seed
coats are related to green mericarps.
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