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ABSTRACT

The main purposes of the present study were to establish the changes during different stage of maturity and development
of cabbage seed as well as earliest behaviors of viability and harvesting data. The experiments were carried out with
two typical Bulgarian cultivars Balkan and Ditmarsko ranno. Samples of seeds in different days after flowering — 30,
40, 50 and 60 days were analyzed.

The physiological parameters and viability and vigor were investigated. The weight of one seeds was highest between
40 and 50 days. The primary germination was observed in seed harvested in 30 days, but the stability one was
registered on 60 day. The intensity of respiration and activity of enzyme peroxides changed during seed development
and maturity.
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PE3IOME

OcHOBHATA 11eJ1 Ha HACTOSIIIETO M3CIICBAHE € J1a C€ YCTAHOBST MPOMEHHUTE B CEMEHATA OT 3eJIe MPe3 Pa3InuHu CTaANN
Ha 3psUTOCT, KAKTO M Hal-paHHUTE MPOSIBH HA YKU3HEHOCT M CPOK Ha cemenoOuBane. OMUTHTE ce MPOBEIOXa C JiBa
OCHOBHH ObJITapcku copra — bankan n JIurmapcko panno. [Ipoou ot cemena, B3etn Ha 30, 40, 50 u 60 men ciexn
b(pTEX ce aHaTM3upaxa.

ITpoyunxa ce HHU3HONTOTHYHN TTapaMeTPH U KU3HEHOCT Ha ceMeHara. Macara Ha elHO ceme e Hai-roisima Ha 40 n 50
neH. Hali-panHa KbJIHSIEMOCT ce HaOmonaBa B ceMeHata ot 30 neH cien mb(Tex, HO CTAaOMIIHU IMOCEBHH KauyecTBa
ce yCTaHOBHXa B ceMeHa, B3eTH Ha 60 aeH. IHTeH3MBHOCTTA Ha JUIaHE ¥ aKTUBHOCTTA HA €H3MMa IepPOKCcHIasa ce
M3MEHsIXa 110 BpeMe Ha pa3BUTHE U y3psiBaHE HA CeMeHara.

KntouoBw ymu: 3ene, 3psinoct, MopdonoriyHa XapakTepucTuka, pacTexHa Cina, XnsHeHoCT.
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DETAILED ABSTRACT IN BULGARIAN

OcHOBHaTa IeN Ha M3CIEIBAHETO € Ja C€ YCTAHOBST
MIPOMEHUTE B CEMEHA OT 3€Jie Tpe3 PA3IU9HU CTaIuu
Ha 3peyiocT W pa3BUTHE, KAKTO W Ja C€ OIMpenein
Hali-paHHOTO HACTBIIBAaHE Ha >XH3HEHOCT W CPOK Ha
npubupane. OnutuTe OsiXa TPOBEACHH B ATpapeH
yauBepcuret, [Tnosnus, bearapus, npes3 nepuona 2005-
2007 cbe coprtoBe 3ene — banakaH — 32 KBCHO IOJICKO
MIPOU3BOACTBO M JIUTMapcko paHHO — 3a PAHHO IMOJICKO
MPOU3BOJICTBO, OTIIEAAHN MO METOAa “‘Ha po3eTKara’.
Ha 30, 40, 50 u 60 nen cien mpdrex ca B3eTH mpodu 3a
OTIpe/ieIIsTHE Ha: Maca ¥ JUaMEeThp Ha €IHO CeMe, KhJIHAEMa
€Heprus, KbIHAEMOCT, CBeXa Maca Ha IPOPACTBIINTE,
IBJDKMHA Ha €MOpPHMOHATHUS KOPEH W Ha XUIOKOTHIIA,
CKOPOCT U JPY’KHOCT Ha NPOpacTBaHe, ChAbP)KaHUE Ha:
BB3AYIIHO CYXO BEIIECTBO, aOCOIIOTHO CYyXO BEIIECTBO,
WHTCH3UBHOCT Ha AWIIAHE, MEPOKCHAA3HAa aKTHBHOCT,
CBhIBpPKAHME HA CypOB TPOTEHWH, OOIIM 3axapu H
Ma3HUHH.

YcraHOBH ce, ue U [IPH J[BaTa copTa Macara U AuameTbpa
Ha enHO ceme HapactBa 70 50 nmeH ciien ubdrexa
(Tabmuua 1), kKaTo Hai-CHJIHO € HapCTaBaHETO MEXKIY
30-40 nen. Haii-paHHu nposiBU Ha KBJIHAEMOCT Osxa
otyereHu 3a bankan Ha 40 neH, a 3a Jlutmapcko paHHO
Ha 30 nen cuen ubdrexa. Ha 60 neH ce ycraHoBu u
crabuiaHa KbeiaHseMocT - — 88,6% 3a bankan n 86,3%
3a JIUTMapcko paHHO, KOETO IOKa3Ba, ue Hal-paHHUs
CPOK 3a mpubupaHe Ha ceMeHaTa ot 3ene € 60 THU cien
wbdrexa. JIbokuHaTa Ha eMOpPHOHAIHUS KOPCH M Ha
xunokotuia (Tabmuma 2) HapacTBaT Hal-MHOTO MEXIY
50 — 60 men. Haii-BaxxHMAT moKa3aTen Ha pacTeXHaTa
cHla — CBeXaTa Maca Ha NPOPAcThLUTE Ce yBelIrdyaBa
3HaunTenHO B mepuoaa 40-50 nuu cien ub(rexka U e
Hail-Bucoka mexay S50-60. Mexay To3u mokaszarenl |
KBJIHSIEMOCTT € YCTaHOBEHA MOJIOKUTEITHA KOpelainsi—
=0,78 u r=0,86. Te3u pe3yaTaru o1ie BeIHaX MOKA3BT 4e
BB3MOXKHUS CPOK 3a npudupane e 60 auu cien ubhTexka.
Haii-cuiHo npoMeHu BbpXy CKOPOCTTA U IPYKHOCTTA HA

npopactrane (Tabnuma 3) ce 3abensn3par mexay 30 u 60
nen. CyxaTa Maca Ha CEMCHATa Ce YBEIIMYaBa MMOCTOSHHO
npe3 Bcuuku m3cieaBanu nepuoau (Tabmuma 4), karo
CBII0 MMa TOJOKUTEITHA KOpEeTanus ¢ KBIHIEMOCTTA -
r=0,77 ur=0,79. ITogqoOHa e TEHACHLIMATA K 32 AOCOJIFOTHO
CyXOTO BellecTBO. MIHTEH3UMBHOCTTA Ha JIUILIAHE € Hail-
Brcoka KbM 50 yieH ciien b(Tex 3a bankan u 10 40 1eH 3a
Jutmapcko panHo. [1ogoOHU pe3ynTaTu ce 0TYeToXa H 3a
AKTHBHOCTTA Ha eH3MMa Tiepokcuaasza. CypoBHs IIPOTEHH
(Tabmuua 5) mamansBa mpu bankaH w HapacTBa NpH
Jwnt™mapcko panHo. Hali-Bucoko chabpKaHue Ha 3aXapu
Oelrie onpezescHo 3a ceMenara ot 60 JeH, a 32 Ma3HUTE
Ha Te3u oT 50 1eH. KopernannoHnuTe KoeUIIMEHTH MK Ty
CHIBPKAHAETO HAa Ma3HWHHU U KBIHAEMOCTTA Ca CBHIIO
TTOJIOKUTEITHU W BUCOKH.

B 3awimroueHue Moka 51a Ce H3ThKHE, Y€ Macara u
JIMaMeThpa Ha CEMEHaTa OT 3eie Hapactar 1m0 50 neH
cien mehreka. CrabWiHa KBIHIEMOCT W pacTeKHA
cuma ce oryuta Ha 60 JEeH, KOETO € W Hal-paHHUs
BB3MOKEH CPOK 3a IpUOMpaHe. Y3psBAaHETO € CBHP3aHO
C YBEJIMUYABaHE HA CYXOTO BEIECTBO U C HAMAJISIBAHE HA
JUIIAHETO ¥ HAa aKTHBHOCTTAa HAa CH3MMAa MEPOKCHU]IA3a.
[Ipu y3psiBaHE CHIBPKAHUETO HA CYpPOB MPOTEHUH CE
n3MeHs ¢1a00, Hali-BUCOKO € CHhABPKAHUETO Ha OOIIH
3axapu Ha 60 jeH, a Ha Ma3HUHU Ha 50 JieH.

INTRODUCTION

The correct determination of the harvesting date in
vegetable seeds is important to a great extent for their life
potential, sowing qualities, term of storage and affecting
in many cases their future yield. The significance of
this practice increases particularly in vegetable species
characterized by non-uniform ripening of fruits as a
cabbage [7]. The hypothesis of Harrington that seeds attain
maximum sowing qualities at the end of their complete
maturation, or at the so-called stage of mass maturity
and at reaching maximum physiological maturity, is very

Table 1. Morphological and sowing characteristics of cabbage seeds
Tabnmma 1. Mopdonmorinuna u moceBHa XapaKTEPHUCTHKA HA cCEMeHaTa

Weight of one seeds/ Diameter of one Germinatyion energy/ Germinability/
Variants/ Maca Ha efHO ceMe — mg Seeds/ JluameTsp Ha ceMe — cm Kbansema eneprus - % Ksansemoct - %
Bapuantu Balkan/ Ditmarsko Balkan/ Ditmarsko ranno/ Balkan/ Ditmarsko Balkan/ Ditmarsko
bankan ranno/ bankan JluTMapcko paHHO bankan ranno/ bankan ranno/
Jut™mapcko JutmMapcko Jutmapcko
paHHO paHHO paHHO
30 day/men  5.43 6.55 0.30 0.28 0.0 2.0 16.45 13.0
40 day/ner  6.21 7.69 0.30 0.31 1.1 2.0 19.08 21.0
50 day/men  6.86 8.02 0.32 0.28 4.65 3.0 37.53 31.65
60 day/men  5.79 7.63 0.28 0.27 76.0 74.3 88.66 86.3
5.0% 0.44 0.77 0.04 0.01 1.82 1.09 30.23 14.17
GD1.0% 0.85 1.12 0.06 0.02 2.67 1.58 43.78 20.53
0.1% 1.24 1.69 0.09 0.04 3.87 2.37 65.68 30.8
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common [6]. However some authors, as Ellis et al. [4] and
Demir et al. [3] revealed the presence of contradictions
in this assertion. Tekrony and Egli [15], comparing the
dependence of seed viability and sowing qualities on the
maximum dry matter content in them, established that
in dry seed species such as lettuce, onions, cabbage etc.
maximum seed viability was established at the initiation
of high dry matter accumulation, or somewhat earlier

Still and Bradford [13] developed a model for more
precise determination of the time of physiological maturity
initiation and the suitable harvesting date of high quality
cabbage seeds as quantified germination rate, uniformity
of germination, viability and sensitivity of germination to
water potential and abscisic acid. They established that
when maturing seeds became more uniform and their
sensitivity to water potential and abscisic acid decreased.

DEPENDS ON STAGE OF MATURITY

Still [12] assessed primarily the susceptibility of seeds
to abiotic stress factors, particularly to reduced water
potential and shelf life and used its as a biological base to
development a model for determining the harvesting date
of cabbages seeds.

The main purposes of the present study were to establish
the changes during different stage of maturity and
development of cabbage seed as well as earliest behaviors
of viability and harvesting date.

MATERIALS AND METHODS

The experiments carried out in Experimental field of
Department of Horticulture, in Department of Physiology
and Plant Biochemical and in Central Scientific Laboratory
at the Agricultural University, Plovdiv, Bulgaria in 2005-

Table 2. Vigour behavior of cabbage seeds
Tabnuma 2. PactexxHa cuiia Ha ceMEHaTa OT 3€Je

Length of embryo root/ Length of Fresh weight of sprouts of
Variants/ JbmxuHa Ha hypocotyls/[Ivmxuna Ha one seed/CBexa Maca Ha
BapuanTu eMOpHOHAIHYS KOPEH — XHUIIOKOTHJIA - Cm HPOPACTBLUUTE HA SHO
cm ceMe — mg
Balk- Ditmarsko Balkan/ba Ditmarsko Balkan/ Ditmarsko
an/ba- ranno//{ut- JIKaH ranno/J{uT- Bankan ranno/J{uT-
JIKaH MapcKO paHHO MapcKo paHHO MapcKo
paHHO
30 day/nen 2.70 1.40 3.19 1.50 17.8 13.8
40 day/nmen 3.55 2.60 2.99 1.84 29.5 23.8
50 day/nen 4.67 295 3.08 3.15 30.2 29.3
60 day/nen 6.24 4.44 4.40 5.76 41.6 47.5
5.0% 1.02 0.6 1.66 0.85 6.3 9.02
GD1.0% 1.48 0.87 241 1.24 9.2 13.06
0.1% 2.23 1.30 3.62 1.86 12.35 19.56

Table 3. Rate and simultaneity of germination of cabbage seeds
Tabmmmna 3. CKopocT U ApY>KHOCT Ha IPOPacTBaHE Ha CEMEHA OT 3eJ1e

Rate of

Simultaneity of

Variants/ germination/CkopocT Ha germination/
Bapuantu npopactBaHe — day/aHu JpyXxHOCT Ha IpOpaTCBHA
- %
Balkan/ Ditmarsko Balkan/ Ditmarsko
Bankan ranno/ Bankan ranno/
Jutmapcko Jutmapcko
paHHO paHHO
30 day/nen 6.11 7.1 2.18 1.85
40 day/nen 5.82 6.86 3.65 2.60
50 day/nen 533 591 2.69 2.1
60 day/nen 2.14 2.48 8.98 9.25
5.0% 0.9 1.72 2.77 2.7
GD1.0% 1.31 2.5 4.02 3.92
0.1% 1.97 3.75 6.03 5.88
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2007 with two typical Bulgarian cabbage cultivars Balkan
— for late field production and Ditmarsko ranno — for early
field production. The plants were grown as overwintering
transplanting in stage of eight leafs. In 30, 40, 50 and
60 days after flowering seed samples were taken from
central stems of 30 different plants. The weight and
diameter of one seed, germination energy (first count)
and germinability (final count) [5] were determinated.
The vigour behaviors — fresh weight of sprouts of one
seed, length of embryo root and hypocotyls, rate [9] and
simultaneity [14] of germination were analyzed ate the
moment of germinability account. Air - dry matter (1,0 gof
seed in four replication were dried in ambient temperature
for 20 days and its weight was measured), absolutely
dry matter, intensity of respiration (gazometricaly),
peroxidas activity , content of row protein, total sugar
and lipid content [11] were investigated. The statistical
analyses were made by ANOVA. The presented data are
average values from three years of investigating, because
the trends were similar.

RESULTS AND DISCUSSION

The weight of one seed (Table 1) from both cultivras
increased to 50 days after flowering and reached from
5,43 mg to 6,86 mg for Balkan and from 6,55 mg to
8,02 mg for Ditmarsko ranno. The highest growth was
observed between 30 and 40 day — 0,78 mg and 1,14
mg for both mentioned cultivars, respectively. In the
period between 50 and 60 day decrease of the seed
weight was registered with 1,07 mg (Balkan) and 0,39
mg (Ditmarsko ranno). It could be due to the natural lost
of the water during maturation processes. The other seed
morphological index — diameter of seed, there was the
similar trend of development. The changes were in short
limits and the decrease began for Balkan also in 50-60
day, but in Ditmrasko ranno it observed yet between 40-
50 day.

The best important characteristics for seed development
and maturation are their sowing quality. The first
manifestation of germination even thought very weakly
was registered for Balkan on 40 day after flowering and
for Ditmasrsko ranno on 30 day. The germination energy
changed slowly to 50 day after flowering and in 60 day
was observed sharply increase and reached to 76,0 % and
74,3 % for Balkan and Ditmrasko ranno, respectively.
The germinability increased uniformly and stable levels
were accounted on 60 day. The germinability — 88,6%
for Balkan and 86,3% for Ditmarsko ranno approached
strongly to the requirements for first class according
Bulgarian State Standard. It indicates that the earliest
acceptable harvesting date of seed cabbage is no earlier
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than 60 days after flowering. Statistical significant of the
differnces between variants was established.

Except of the germination very considerable are the
parameters of vigour. They are indicative not only that
seed is able to emergence of embryo root but also that
seed can development normally sprouts in different
condition [2,5]. As pointed out Perry D. A. [8] vigour is
the sum of the properties which determine the potential
level of activity and performance of the seed or seed
lot during germination and seedling emergence. Seeds
which perform well are termed “high vigour seeds”.
Schmidt L. [10] reported that vigour is a more important
characteristic of seed, which described better the seed
status. One of the most uses feature for determination
of vigour is fresh matter of sprouts [2]. The length of
embryo root (Table 2) increase regularly during each
periods of investigation. The highest step of increase was
registered between 50 and 60 day with 1,57 cm and 1,49
cm for Balkan and Ditmarsko ranno, respectively. The
length of hypocotyls varied in Balkan from 3,19 cm no
30 day to 4,40 cm on 60 day and in Ditmarsko ranno
from 1,50 cm to 5,76 cm for the mentioned periods.
There also the increase was highest between 50-60 day.
The fresh matter of one sprout is one of the basic vigour
parameters and it increased gradually. Sharply increase
established between 40-50 day with 18,45 mg and 10,65
mg and highest between 50-60 day — 51,13 mg and 54,65
mg for Balkan and Ditmarsko ranno, respectively. High
positive correlation between this sprout behavior and
germinability was established — r=0,78 and r=0,86 for
both mentioned cultivars. The data for these three vigour
characteristics once again confirmed that the appropriate
harvesting date for cabbage seeds is 60 day after flowering.
The diffrences between data are statsistical significant.
Additionally information about whole seed status gives
the rate and simultaneity of germination (Table 3). To
50 day after flowering these indices were with very
weakly values. The rate of germination between 30-50
day improved and changed in short limits, the diffrence
was only 0,78 day and 1,19 day, but between 30 and 60
day the differences reached to 3.97 day and 4,62 day for
Balkan and Ditmarsko ranno, respectively. Improvement
was observed also for simultaneity — from 2,18% on
30 day in Balkan on 50 day this parameter was 8,98%
and for other cultivar this change were from 1,85% to
9,25%. Discrepancy from regularly established trend of
development was observed in simultaneity, when on 40
day the values were insignificant higher than this one in
50 day.

One of the basic indicators for seed maturity is an
increase of dry matter content. The maturation processes
and changes in chemical seeds components correspond

Journal of Central European Agriculture Vol 9 (2008) No 4
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with increase of dry matter (Copland and McDonald
[2], Broniewski, St. et al. [1]). Dry matter (Table 4)
increased constantly in each investigating period. In
cultivar Balkan from 33,30% on 30 day it reached to
79,20% on 60 day. In Ditmarsko ranno the differences
between initial day of study to 60 day after flowering was
48,95 %. This parameter there were high and positive
correlation with germinability — r=0,77 and 1=0,79
for Balkan and Ditmarsko ranno, respectively, which
confirm it importance for sowing quality of seeds. The
similar trend observed also for absolutely dry matter, but
there the differences were smaller. During the maturation
and development of the seeds the intensity of respiration
changed significant. The values of this behavior in Balkan
increased to 50days after flowering and after that in 60
day decreased, while in the other cultivar the decrease
began in 50 day yet. Similar course observed for activity
of enzyme peroxides — decrease in Balkan on 60 day and
in Ditmarsko ranno on 50 day.

The contents of chemical components change during
seed maturation (Table 5). Some cultivar responces
were established for row protein content. In Balkan it
decreased, while in Ditmrsko ranno increased during
maturation in short limits. Total sugar content was with

DEPENDS ON STAGE OF MATURITY

highest values on 60 day in both cultivars. Lipid content
increased to 50 day after flowering and after this moment
decreased insignificant, but the values were higher than
in 30 and 40 days. This is one of the main energy sources
for seed germination. The correlation coefficients
between lipid content and germinability were positive,
middle for Balkan - r=0,45 and high for Ditmarsko ranno
- =0,63. Copeland and McDonalds [2] pointed out that
usually high lipid content associated with decreased
protein content.

CONCLUSIONS

During the maturation and development of cabbage seeds
occurred changes. The weight and diameter increased to
50 day after flowering.

Stable germination energy and germinability were
established on 60 day and differences with previous
period were very sharp. This indicated that the earliest
and appropriate harvesting data for cabbage seeds is
60 after flowering. Highest vigour such as length of
embryo root and hypocotyls, fresh matter of sprouts, rate
and simultaneity of germination observed also for seed
harvested on 60 day after flowering.

Table 4. Physiological indexes of cabbage seeds
Tabauna 4. U3n0IOTHYHYU MOKA3aTeI Ha CEMEHaA OT 3elie

Air - dry matter/

Absolutely dry

Intensity of respiration/ Peroxidas activity/

Variants/ Bw3gymmso cyxa Maca % matter/AOCOIIIOTHO cyXa MHTen3uBHOCT Ha quIIaHe Ilepokcunasna
Bapuanrtu Mmaca - % AKTHUBHOCT
Balkan Ditmars-ko Balkan Ditmarsko Balkan/ Ditmarsko Balkan/ Ditmarsko
/ ranno/ / ranno/ Bankan ranno/ Bankan ranno/
Bankan Jurmapcko bankan Jurmapcko Jurmapcko Jlurmapcko
paHHO PaHHO paHHO PaHHO
30 day/nen 33.30 27.61 88.3 77.2 120 165 245 245
40 day/nen 44.32 33.81 89.58 79.5 130 180 235 250
50 day/nen 45.00 45.07 90.0 86.0 238 155 240 245
60 day/nen 79.20 76.56 92.2 89.61 155 142 238 225
5.0% 11.99 17.1 6.01 4.45 10.22 7.6 7.55 7.49
GD1.0% 17.02 24.76 8.71 6.57 14.8 11.02 10.93 10.85
0.1% 25.11 37.15 13.07 9.86 22.21 16.53 16.4 16.28
Table 5. Chemical components of cabbage seeds
Tabmuua 5. X¥MMHUYEH ChCTaB HA CEMEHA OT 3€JIe
Content of row protein/ Total sugar content/ O6mu Lipid content/
Variants/ ChabprkaHue Ha CypoB 3axapu ChabprKkaHue Ha Ma3HUHH
BapuanTtn MPOTEHH - % -% -%
Balkan/ Ditmarsko Balkan/ Ditmarsko Balkan/ Ditmarsko ranno/
Bankan ranno/ Bankan ranno/ Bankan JlutmMapcko paHHO
Jurmapcko Jlutmapcko
paHHO paHHO
30 day/nen 20.72 20.4 9.00 9.00 35.92 30.5
40 day/nen 19.84 21.70 9.12 9.38 373 33.1
50 day/nen 19.50 21.36 9.75 10.76 41.98 35.26
60 day/nen 17.04 23.63 11.30 11.72 39.36 34.88
5.0% 1.16 1.56 0.97 0.66 0.78 2.23
GD1.0% 1.69 227 1.41 0.88 1.13 323
0.1% 2.54 3.40 2.12 1.32 1.70 4.85
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The processes of maturity are corresponded with increase
of dry matter. In the harvesting data the intensity of
respiration and activity of enzyme peroxides decreased.
Row protein content changed in short limits. The sugar
content was highest in 60 day, while the lipid content
increased during maturation and in the moment of
harvesting decreased.
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