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CHLOROPHYLL CONTENT IN SENESCENT
Pelargonium graveolens LEAVES

ZAWARTO $C CHLOROFILU W STARZEJ ACYCH SIE LI SCIACH
Pelargonium graveolens

Abstract: Pelargoniumgraveolensbelongs to Geraniaceae family. It is an aromatit lairy herbaceous shrub
that can reach up to 1.2 m height and a spreadflis leaves are deeply incised, soft to thehaamd strongly
scented, while flowers are small and usually pirkgraveolenss native to South Africa, but it is now widely
cultivated in many countries, e.g. Reunion Islaigypt, Russia, China, and Morocco, mainly for thedpction
of essential oil. It is used in many different isthes, e.g. perfumery, cosmetic, food and beveraugustry as
well as in veterinary drugs and medicine. Literatdata shows that chloroplasts content in leaviescte a whole
plant condition, as they are able to produce chaneicergy from the solar energy. Most importaralbpigments
are chlorophylls that can be found in almost evgmgen part of a plant. However, during plant sesese,
photosynthetic pigments are degraded. This resesashcarried out to determine a chlorophyll a, pbyll b
and also total chlorophylls content Relargonium graveolenat different age: one year old, two years old and
three years old plants. To prepare samples, freaies from each cultivation have been harvestesh th
homogenized in a chilled mortar with organic sotv@d% (v/v) acetone and then centrifuged. The dizswe of
supernatants was immediately measured at 647 ahci®6in a spectrophotometer. The outcome showsitthat
a first stage (first year) of plant growth, wheralisorbs nutrients and synthesizes proteins teeetefficient
photosynthesis and undergo rapid expansion, ctigtbp and b content is the lowest from all studdnts.
The best quality pelargoniums are these at the adigevo in which there is the biggest amount of gree
photosynthetic pigments.
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Introduction
Pelargonium graveolens

Pelargonium graveolens belongs to Pelargonium genus and is a member of
Geraniaceae family. It is an aromatic and hairypheeous shrub that can reach up to 1.2 m
height and a spread of 1 . graveolendias deeply incised, soft to the touch, curved and
strongly scented leaves, small and usually pinéies [1, 2]. This plant is native to South
Africa, but it is now widely cultivated in many cetiies, e.g. Reunion lIsland, Egypt,
Russia, China and Morocco, mainly for the productié essential oil [3, 4] which is used
in perfumery, cosmetics, food and beverages ingustr well as in medicine [1, 5, 6].
Beside this, it is also useful for regulating bletsdam, stimulating adrenal glands, fighting
against cellulite or treating various skin problditis It has also repellent properties [5].

!Institute of Biotechnology, University of Opole,l. ukard. B. Kominka 6a, 45-035 Opole, Poland,
phone +48 77 401 60 50

“Corresponding author: adriana.szutt@uni.opole.pl

Contribution will be presented during ECOpole'l9nBwence, Polanica-Zdroj, 9-12.10.2019



70 Adriana Szutt and Agnieszka Dofttauk-Srodka

Photosynthesis and photosynthetic pigments

The main source of life on earth is solar energyctvitan be entrapped by different
photosynthetic pigments such as carotenoids orqffifas, but the most important are
chlorophylls. Photosynthesis is a process in wiieh solar energy is converted into the
energy of chemical bonds. It is a crucial elemefnd plant metabolic system that enable
a plant growth and development [7-9]. In conditiafignvironmental stresses such as low
light intensity, not only a photosynthetic rate higo a crop productivity are low [9].

Chlorophyll is a green pigment found in most plaatgae and cyanobacteria. Its name
is derived from the Greethlorosmeaning “green” anghyllon “leaf’ [8, 10]. Chlorophyll
can be found in almost every green part of a pdawtits chemical structure is made up of
carbon and nitrogen atoms together with a magnesarmin central position. As the
numbers of naturally occurring chlorophylls may ngt be fully known, till now,
chlorophylls have been divided into five classed,ac, d, and f. Additionally there is also
a chlorophyll e which is rare and was reportedlga@Vaucheria hamatand Tribonema
bombycinum[8]. Chlorophyll a (GsH7-MgN4Os), previously called chlorophyl, is the
most universal type and can be found in i.e. plaaltsae, cyanobacteria. In solution it has
a greenish-yellow colour and absorbs mainly redtspms from the sun light. Chlorophyll
b (GsH7oMgN4Og), previously called chlorophylB, occurs as an accessory pigment in
higher plants and also green algae. This pigmesorals blue spectrum from the whole
solar spectrum. Other chlorophylls occur in: chgrgl ¢ (various algae), chlorophyll d
(various algae) and chlorophyll f (cyanobacteri) I11]. Carotenoids serve as accessory
light-harvesting pigments and are involved in pdaptotection against oxidative stresses
a nonenzymatic compounds. Another elements paaticip in the protection system as
antioxidative enzymes are SOD (superoxide dismyt&$®@D (peroxidase), APX (ascorbate
peroxidase) and CAT (catalase). Carotenoids urgehéat stress can protect chlorophylls
biosynthesis. [12, 13].

Chloroplast is one of plants plastids where a hitisgsis of pigments and a process of
photosynthesis takes place [7]. Chlorophyll biokests is highly complicated because of
the complex combination of enzymes and many reguliompounds [8]. Chloroplasts
produce energy and glucose in association withiglinlwater and C®[8], that is why
chloroplasts content in leaves reflects a wholatptandition. Changes in the structure of
these plastids impact a development and plant ¢romhich is due to alterations in
metabolism and photosynthesis process. There dsiety of factors that can affect plastids
formation, most important are environmental cowdisi e.g. light intensity, temperature
and mineral substances [7].

Plant senescence

Leaves senescence as a haturally occurring pricasype of programmed cell death,
a self-destructive cellular process, that is ondeafles development stages. Three major
stages in plant growth can be distinguished: ilhtiaby absorbing nutrients and
synthesizing proteins to achieve efficient phottsgris, a plant undergoes rapid
expansion. Next it enters the stage of maturatinod finally approaches the state of
senescence. This degradation process results iogmhesis, crop yield and also plant
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biomass production decrease, during this stage amaatecules such as proteins and
nucleic acids deteriorates [14].

Plant, especially leaf senescence is a complexaulaeand physiological process that
involves a chlorophyll degradation, increase inylethe production reduction, increase in
reactive oxygen species (ROS) levels as well dsywminbrane damage and may be a result
of numerous factors including phytohormones, emvitental changes that work as
environmental stresses, e.g. heat stress, drotiggsssor darkness [13]. Plant senescence
can be also a result of different naturally ocagrimechanisms such as germination,
flowering or fruit ripening, which are considerea te a part of the aging processes [8].
During this process, plants integrate variety definal and external signals as well as
information about growing age through complex raguly pathways. A transition from
anabolism to catabolism resulting in nutrient redistion to newly developing organs
occurs [15]. Heat stress (heat shock) is definedthas rise of temperature beyond
a threshold level for a period of time sufficieatdause irreversible damage to plant and it
is considered a transient elevation of temperatuseially 10 to 15 °C above ambient.
Effects of heat stress can lead to photosynthégiments content (changes in chlorophyll
a and b content), photosynthesis inhibition and seen as foliar bleaching or leaf
yellowing, but the response to high temperaturéegawithin the species and its stage of
growth [12, 16]. During drought stress conditiotants close their stoma to avoid further
water loss, also internal G@oncentration decreases [16].

The aim of this study was to determine a chloropayand chlorophyll b as well as
total chlorophylls content iPelargonium graveolenglants of different age. The outcome
was a base for deciding in what year the plantsreratrongest.

Materials and methods

There were three cultivations &felargoniumgraveolensset up. All of them were
growing in the same environmental conditions. Tepare samples, fresh leaves were
harvested from one year, two years and three yadrplants. For each year, there were
4 samples made, each one has the same weight @f Brésh material was homogenized in
a chilled mortar with 5 crhof 80 % (v/v) acetone and then centrifuged at Q0 § for
10 min at 4 °C. The absorbance of supernatantsfeard into cuvettes was immediately
measured at 647 and 663 nm in a spectrophotomét¥t RIGH UV-2601. The contents
of chlorophyll a and chlorophyll b as well as totdilorophylls content Chlyy were
calculated according to Lichtenthaler equationg fi are given in mg/g f.m.

Results and discussion

As it was expected, a chlorophyll quantity in ptahas changed over time. The data
shows that in a first year d®elargonium graveolenplants growth, when they absorb
nutrients and synthesize proteins to achieve efiiciphotosynthesis and undergo rapid
expansion, chlorophyll a and b content is lowenthmall other studied plants. Chlorophyll
a content in first year of plants growth equalledaverage 393.00 mg, while a secondary
chlorophyll b equalled 203.50 mg of pigment perngraf fresh leaves weight. In three
years old plants the lowest level of both chlordfshgontent was determined which
indicates that they probably reached the stagemdscence and the process of chloroplasts
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degradation has already started. Two years oldtplhas respectively 494.80 mg and
294.70 mg/g f.m. of primary chlorophyll a and claphyll b. This experiment indicate that
the best quality pelargoniums are at this age iichvthere is the biggest amount of green
photosynthetic pigments, as variation in leaf abpdryll content provides information
about the physiological condition of a leaf or wgilant. Primary chlorophyll a is in
a bigger quantity that chl b in every studied sampdhich is also observed in [18].
Determination of a chlorophyll a and chlorophylicbntent inPelargonium graveolens
plants of different age is shown in Figure 1. Actog to [19], Chl a and Chl b occur
together in the higher plants in the ratio of Zithe typical Chl a/b for shade plants is about
1.6-2.2. It is also mentioned that the Chl a:borgtays an important role to higher plants to
adapt to new light regions to make optimal userbiant light intensities and quantities.
In this study the closest to 2:1 ratio was deteediim one year old plants which suggests
that the youngest ones are the most capable otiadap new environmental conditions
(Table 1).
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Fig. 1. A chlorophyll a and chlorophyll b contentane year old, two years old and three year$eldrgonium
graveolenglants. chl a - chlorophyll a; chl b - chlorophlyll

Chlorophyll a/chlorophyll b ratio in each cultivati has been determined.

Table 1
Chlorophyll a/ chlorophyll b ratio in one year otdio years old and three years old
Pelargonium graveolenglants
One year old plant Two years old plant Three yearsld plant

Chl a/chl b 1.93 1.68 1.80

Figure 2 shows the total chlorophyll contenfielargonium graveolengaves in each
of three years of plants cultivation.
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Fig. 2. Total chlorophyll content chlkyin one year old, two years old and three year$eldrgonium
graveolenglants. Chlas - total chlorophylls content

The data confirms that the highest level of primamiorophyll a along with secondary
chlorophyll b is in two years old plants, while tlavest total content is observed in the
first year of plants growth.

Conclusions

This study was carried out to determine a chlortipdnyand chlorophyll b as well as
total chlorophylls content ifPelargonium graveolensglants of different age. The data
indicates that the best quality plants are theskeatige of two in which there is the biggest
amount of green photosynthetic pigments that esaplants to carry out photosynthetic
mechanisms and process of metabolism. The lowesingpigments content was found in
one year old pelargoniums, which can suggest tlaatgat this stage absorb nutrients and
concentrate on rapid growth. However, it turnedtbat these one year old plants are most
capable of adapting to new environmental conditasnshey had chl a/chl b ratio closest to
2:1 ratio from all other ones. Chlorophylls contanthree years ol#®. graveolenglants
shows that after reaching the stage of maturity, gtocess of senescence occurs and the
chlorophylls content starts to decrease.
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ZAWARTO $C CHLOROFILU W STARZEJ ACYCH SIE LI SCIACH
Pelargonium graveolens

Instytut Biotechnologii, Uniwersytet Opolski, Opole

Abstrakt: Pelargoniumgraveolensnalery do rodziny Geraniaceae. fioa ta jest aromatycznym, owtosionym
krzewem, sigajacym 1,2 metra wysokai i osiagajacym 1 m szerokii. Jej lécie s mocno powcinane, rgkkie

w dotyku i wydzielag intensywny zapach, natomiast kwiaty mate, zwykle réowe, zebrane w baldachy.
Ojczyzmy P. graveolengest Afryka Potudniowa, ale uprawiagga obecnie w wielu krajackwiata, np. wyspie
Reunion, Egipcie, Rosji, Chinach czy Maroko, gtéevri przeznaczeniem na produkdlejku eterycznego.
Wykorzystywany jest on w wielu gaiach przemystu, m.in. perfumiarstwie, kosmetyaeemyle spaywczym
czy medycynie. Dane literaturowe pokaguje o kondycji catej rdiny swiadczy zawart& chloroplastow w jej
lisciach, poniewate produkuj niezlgdnga do wzrostu i rozwoju energichemiczi z dostarczanej przez sle
energii cieplnej. To wknie w chloroplastach znajdujsi¢ chlorofile, ktére § najwaniejszymi pigmentami
fotosyntetyzujcymi. Jednake podczas starzeniashoy pigmenty te ulegajdegradacji. Obecne badanie zostato
przeprowadzone w celu ustalenia zawgitahlorofilu a i chlorofilu b w jedno-, dwu- i tytetnich rglinach

z gatunku Pelargonium graveolens Zebrane zostatyswieze liscie z kadej ww. upraw, nagpnie
zhomogenizowane w schtodzonym ideierzu w obecn@i 80% acetonu, a ghiej odwirowane. Absorbancja
uzyskanych supernatantéw zostata niezwlocznie zmmer w spektrofotometrze przy di. fal 647 i 663 nm.
Uzyskane dane pokazale w pierwszym stadium (pierwszym roku) wzrostgliny, kiedy pobiera ona sktadniki
odzywcze i syntetyzuje biatka, aby agna¢ wydajm fotosyntez i kiedy przechodzi gwattowny rozwoj, zawaito
chlorofilu a i chlorofilu b byta najmniejsza w pavaaniu z pozostatymi &inami. Najlepsz jakascia wykazaty

si¢ pelargonie dwuletnie, w ktérych #6 chlorofilu byta najweksza.

Stowa kluczowe:chlorofil a, chlorofil b,Pelargonium graveolenstarzenie fici



