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CHLOROPHYLL FLUORESCENCE AS A QUALITY INDICATOR OF ROOT PARSLEY
(Petroselinum crispunvar. Lenka) SEEDS

Summary

Requirements concerning seed quality are growingstamtly. Parsley is a plant species producing segith low genetic
seed vigour. Parsley seeds are usually germinaglog/ly and this process is extended in time. L&dkniformity in field
emergence results in a lower root yield and quaklants emerging on different days produce rodtslifierent size and
weight. Improvement of parsley seed quality israpdrtant issue. A selection of seeds accordingeo tjuality can be one
of the methods. Chlorophyll fluorescence measuremenquick, non-destructive method and its resaie negatively cor-
related to the germination ability and field emenrge.
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FLUORESCENCJA CHLOROFILU JAKO WSKA ZNIK JAKO SCI NASION PIETRUSZKI
KORZENIOWEJ ( Petroselinum crispuinODMIANY LENKA

Streszczenie

Wymagania dotyeze jakdci materiatu siewnego stale ragnPietruszka zwyczajna naledo gatunkéw tworzych nasio-
na o niskim wigorze genetycznym. Nasiona pietruszkivyczaj kietkygjpowoli, a proces kietkowania jest rozgniety w
czasie. Nierownomierne wschody polowe w konsekingmepduj obnienie plonu i jakéci korzeni. Rdliny, ktore wzeszly
w innym czasie wytwarzakorzenie zrénicowane pod wzgtlem wielkéci i masy. Poprawa jakgi nasion pietruszki jest
wiec istotnym zagadnieniem. Jedre stosowanych metod fadby’ selekcja nasion o najégzej jakgci. Pomiar fluore-

scencji chlorofilu jest metadszyblg i niedestrukcyjn, a poziom fluorescencji jest ujemnie skorelowanydoingciq kiet-

kowania i wschodami polowymi.

Stowa kluczowepietruszka korzeniowa, wigor nasion, j@akamasion, fluorescencja chlorofilu

1. Introduction

Modern agriculture requires sowing material of hhig
quality. Field emergence is not always correlatethbora-
tory germination ability but it is crucial for plaaniformity
and quality during the harvest. Therefore high raected
modern plant production demands seeds of excaijeat
ity. Most of seed vigour tests are destructive seelds after
the examination are not suitable to sow. Chlorodpfiyb-

cate cold tolerance [1] vitality of plants (tre¢8), or reac-
tion to shortage of minerals [17].
Chlorophyll fluorescence measurements are used for
example in:
- agriculture [10, 14],
- horticulture [3],
- forestry [13, 16],
seed science [6, 7, 8].
Chlorophyll fluorescence is strictly connectedhnitho-

rescence measurement is a quick and non-destructitesynthesis. Chlorophyll is present in unripe se€&lging
method of seed evaluation. Examined seeds can Wwe soseed ripening process chlorophyll degrades andoittent

under laboratory or field conditions right afteethssess-
ment of their quality.

Measurement of chlorophyll fluorescence is simfdst
and the most important - non-destructive [10]. @byl
fluorescence can be defined as the red to farighd émit-
ted by photosynthetic tissues/organisms when ithatad
by light of approximately 400—-700 nm (photosyntbaily
active radiation or PAR). Although chlorophyll fles-
cence represents only approximately 0.5-10% ofathe
sorbed energy, its intensity is inversely propaordioto the
fraction of energy used for photosynthesis (a reéfx
fect).For this reason, the chlorophyll fluorescersignal
can be used as a probe for photosynthetic actf\ity.
Value of chlorophyll fluorescence can be used &sohfor
examination of photosynthetic reactions for streesdi-
tions and evaluation of an influence of unfavoraétesi-
ronmental conditions on plants [12]. Chlorophylidtes-
cence is one of the physiological parameters thatindi-
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and activity decreases. Mature seeds don't showepoe

of photosynthetic active chlorophyll. Therefore deeho-

sen based on the lowest values of chlorophyll #soence
have usually the highest vigour and the highestlityua
seeds.

Root parsley is a species whose seeds show Hifgin-di
ences between laboratory germination ability areldfi
emergence. Methods of parsley seed examinatidhaestid
improvement in order to find ones better correlatdhe
field emergence. Chlorophyll fluorescence measuntme
can be one of these methods.

2. Materials and methods
Seeds of root parsley variety Lenka were the atlyé
experiment. This variety is described as mediura igith

aromatic flesh and good storage value. Parsleyetyari
Lenka requires fertile soil with good water conufits.
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Chlorophyll fluorescence level was detected with- |
pulsive Fluorimeter Handy Pea made by Hansatedhus
ments (Fig. 1).

Source: .photo M. Stypska /Zrodto: fot. M. Stypfé-ka

Fig. 1. Fluorimeter Handy Pea
Rys. 1. Fluorymetr Handy Pea

Seeds were divided into three groups based oerdift
values of chlorophyill:
- |l group R 0-200,
- 1l group Ry 400-500,
- Il group K> 700.
Fo is a chlorophyll fluorescence intensity obtaine8Gus.

As a control combination the unseparated seeds fro

the same variety and seed lot were used.

In the laboratory for each seed group: laboragmmymi-
nation ability, mean time of single seed germimatio
(Pieper’s coefficient) and germination uniformitgne de-
termined.

Seeds germinated in Petri's scales on the ble@ampr
rings soaked with distilled water at light presenitethe
temperature of 21°C. Each combination (I, Il, Ifidacon-
trol) consisted of 50 seeds in 3 replications. Geation
was measured for 14 days. Each day germinated sesds
counted and removed from the scale. After that ratooy
germination ability, mean time of germination (maasl
with Pieper’s coefficient) and germination unifotymivere
counted for each seeds group.

Fields experiments were conducted in Mierzeniear ne
Puttusk in masovian district. Seeds of root parsiasiety
Lenka were separated based on the same valuesoob-ch
phyll fluorescence as in the case of laboratoryeerpents.
Seeds of each group were sown on 30 of March 2014

3 replications, 50 seeds each. Seeds after sowml a

emerging seedlings were growing in natural fieldhdie

tions. Soil was sowing Illb class with winter rapged as a
forecrop. After rape crop full set of agriculturpevations
were made. During the vegetation period haegding was
the only agrotechnical treatment.

Weather during the field experiment was quite wait)-
fall was higher than mean value, except of June $ep-
tember (Table 1). Especially April, May and Augustre
rainy what affected parsley growth.

For each seed combination: field emergence ratere
gence speed and uniformity, chlorophyll contentteaves
and leaf area index (LAI) were determined. During har-
vest the total yield, root yield and number of péawere
measured. Because of low number of plants obtafireed
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150 seeds, plants from every combination were ezband
weighed together, with no replications. Harvestrobt
parsley was done on 95eptember 2014.

Chlorophyll content was measured with Chlorophyll
Meter Minolta Spad 502 — chlorophyll content inves is
expressed in contract units (Fig. 2).

Leaf Area Index was measured with LAI_2000 equipime
used to measurement of canopy light absorption 8Fig

Table 1. Weather conditions during field experiment
Tab. 1. Warunki pogodowe podczaswiadcze polowych

79

Rainfall [mm] Temperature [°C]
multi- multi-
2014 annual 2014 annual
average average
March 28,0 27,0 6,4 2,1
April 49,8 38,7 10,3 7,8
May 92,6 55,2 14,1 13,6
June 60,2 63,5 16,4 16,7
July 82,8 80,7 20,9 18,6
August 81,1 67,7 17,9 17,6
September 32,7 46,4 14,4 13,4

Source: own work Zrédto: opracowanie wlasne

Source: phot M. Stygika 1Zrédto: fot. M. Stypiska

Fig. 2. Measurement of chlorophyll level of parslegves
with Chlorophyll Meter Minolta Spad 502

Rys. 2. Pomiar zawarfoi chlorofilu w lisciach pietruszki
za pomog chlorofilometru Minolta Spad 502

B

%3
Source: photo M. Styfiska /Zrodio: fot. M. Stypiska

Fig. 3. Measurement of parsley canopy with LAI-2000
Rys. 3. Pomiar fanu pietruszki za pomaparatu LAI-2000
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3. Results
3.1. Laboratory experiments

Results of laboratory germination (Table 2) shdwtt
seed quality was negatively correlated to the |lefathlo-
rophyll fluorescence. Seeds selected on the bdsiheo
lowest chlorophyll fluorescence performed best.yTger-
minated in more than 70%, while those of highesbriés-
cence level only in 30%. They germinated fast,ieaby
almost 1,28 day than seeds which showed the hidgnesit
of chlorophyll fluorescence. Their germination wHse
most uniform. There were no significant differendes
germination between seeds with low fluorescencecamd
trol ones.

Table 2. Laboratory germination of parsley seegmedding
on chlorophyll fluorescence level.

Tab. 2. Przebieg kietkowania nasion pietruszki {ezesci
od poziomu fluorescenc;ji chlorofilu

Laboratory germination ablility (%)

Control Fe<200 | F400-500| Fy>700 LSD
58,0b 70,7b 58,0b 30,7a 17,12
Mean germination time (days)

Control Fe<200 | F400-500| Fy>700 LSD
8,74a 8,52a 8,68a 9,80b 0,77
Germination uniformity (days)

Control Fo<200 | Fo400-500| Fo>700 LSD
2,74a 2,52a 2,68a 3,80b 0,77

Source: own work Zrodto: opracowanie wlasne
3.2. Field experiments

Similarly in the field (Table 3) seeds chosen asib of
lowest chlorophyll fluorescence gave the highesldfi
emergence rate (63%). Seedlings from these seeelged
quicker and more evenly than from the seeds shohiigiy
chlorophyll fluorescence.

Table 3. Field emergence of parsley depending @d se
chlorophyll fluorescence level

Tab. 3. Wschody polowe pietruszki w zadgci od poziomu
fluorescenciji chlorofilu nasion

Table 4. Chlorophyll content in leaves of parsleying the
vegetation period

Tab. 4. Zawarté’ chlorofilu w lisciach pietruszki podczas
okresu wegetaciji

Combination Date of measurement

08.07 28.07 27.08 25.09
Control 34,57bAB | 38,32bB 30,24bA 34,13bcAB
Fo < 200 33,02abA| 43,03cB 35,71cA 40,74cB
Fo 400-500 35,80bB 44 ,5cC 29,46abA  32,24bAB
Fo >700 28,93aB 29,43aB 26,8laAb  24,20aA
LSD 5,49 3,29 3,15 6,79

a, b, c - homogeneous groups for different cominat
A, B, C - homogeneous groups for date of measurement
Source: own work Zrodto: opracowanie wiasne

Table 5. Leaf Area Index (LAI) of examined parspdants
Tab. 5. Wskanik powierzchni Kci (LAI) badanych relin
pietruszki

L Date of measurement
Combination 5507 28.07 5708 LSD
Control 4,54bB 3,21bcA 4,96bcB | 1,24
Fo < 200 7,38cC 4,07cA 5,70cB | 0,92
Fo 400-500 4,65bB 2,72abA | 4,51bB |0,60
Fo > 700 2,76aA 2,20aA 2,58aA 0,59
LSD 0,77 0,58 1,06

a, b, c - homogeneous groups for different cominat
A, B, C - homogeneous groups for date of measurement
Source: own work Zrodto: opracowanie wiasne

Leaf area, similarly as a chlorophyll contentostyly
influences plant yield and its quality. The higheatue of
LAI was measured for plants grown from seeds Fo0<20
and the for plants grown from seeds Fo>700. Parskayts
from the seeds with the lowest chlorophyll fluoersee had
leaves area 60% larger than control ones. Planta the
seeds with the highest chlorophyll fluorescencedpeced
leaf area almost 50% smaller than control. All efiénces
between plant groups were significant.

During the harvest plant number, weight and root
weight were measured (Table 6). All the plants frone
combination were picked together, so there wasassipil-
ity to analyze the results statistically.

Source: own work Zrodio: opracowanie wlasne

Chlorophyll content in leaves of examined planisity
the vegetation period is presented in Table 4.

Chlorophyll content in leaves is of crucial im@orte
for plant productivity. During most of measuremeplants
obtained from the seeds with high chlorophyll lesiebwed
significantly lower chlorophyll content in leavdsan other
combinations. Parsley plants from seeds, whoseapihyll
fluorescence was lower, were more vital and mosestant
to stresses.

Leaf Area Index (LAI) of parsley plant from differe
types of seeds is presented in Table 5.
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Field emergence rate (%) Table 6 Total yield, root yield and number of plants

Control | F¢<200 | Fo400-500| F¢>700 LSD Tab. 6. Plon catkowity, plon korzeni i liczb&lin
57,3c 63,3c 38,0b 14,7a 12,49

Mean time of emergence (days) Total yield (g) | Root yield (g) | Number of plants|
Control Fo<200 | Fy400-500| Fy>700 LSD Control 3480 1680 86
22,0a 22,1a 23,0ab 23,9b 1,02 Fo<200 3470 1810 95

Uniformity of emergence (days) Fo 400-500 2740 1470 57
Control | F,<200 | F,400-500] Fy>700 LSD Fo > 700 2220 1310 22
2,95a 3,10a 4,00ab 4,90b 1,02 Source: own work Zrodio: opracowanie wiasne

It is visible that total yield and root yield wenégher in
case of plants obtained from seeds with lower cigbyll
fluorescence and control ones, comparing to thdssedth
higher levels of chlorophyll fluorescence.

4. Discussion

Chlorophyll fluorescence is an interesting physiaal
parameter which can be used for many purposes.rélgrie
is used for describing current plant condition e&dly subject
to abiotic stresses like drought, frost, soil sglirshortage of
some elements etc. It can be also used as antodafdruit
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maturity, in monitoring of water ecosystems, foteddon of
biological threats and in seed vigour testing [2].

Root parsley is a difficult crop because of exthih
time and irregular field emergence. Therefore figdia
proper seeds vigour tests for parsley seeds isngortant
issue. Among many vigour tests chlorophyll fluosrse
measurement is the only non-destructive methodairgnyg
examined seeds in the same morphological and ghgsio
cal condition. As a non-destructive method it carubed as
an indicator of seed material quality of such specds:
cabbage, pepper, tomato, fennel, grasses, tobacepcar-
rot, cotton, sunflower and beet [15].

Jalink et al in 1998 [5, 6] for seeds of cabbagd m
1999 [7] for tomato seeds obtained results venyilainio
these presented for parsley in this paper. Theyircoed
the reverse dependence of seed vigour and tharagtyll
fluorescence [5, 6, 7]. White cabbage and tomatdse
separated according to a low chlorophyll fluoresecievel
germinated faster and more uniformly than seedk hiigh
chlorophyll fluorescence level. It is possible twide one,
seemingly uniform batch of seeds for portions dfedif-
fering in color and consequently in their qualiby {8].

From 2003 to 2006 Department of Plant Physiology

Warsaw Agricultural University examined dependemde
seeds vigour on chlorophyll fluorescence for camwdteat,
sugar beet, rape and triticale seeds [4]. Resiltisese ex-
periments confirmed that lower level of chlorophfjlio-

rescence indicated higher seeds vigour, but noalfospe-
cies. However this method of seed examination tsrec

ommended for all the crop species. For examplerdpe
the differences were too small (only 10-20 unitsjween
high and low vigorous seeds.

5. Conclusions

1. Chlorophyll fluorescence of parsley seeds is neghti
correlated to their quality measured by germinagbiity,
speed and uniformity.
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