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EFFECT OF FERTILIZERS ON CONCENTRATION OF
PHOTOSYNTHETIC PIGMENTS IN JUVENILE SEEDLINGS OF
EASTERN BLACK WALNUT (Juglans nigra L.)

Vladan POPOVIC', Tatjana CIRKOVIC-MITROVIC, Ljubinko RAKONJAC,
Aleksandar LUCIC

Abstract: The paper presents the results of the effect of different fertilizers on
concentration of photosynthetic pigments in leaves of juvenile seedlings of eastern black
walnut (Juglans nigra L.). The seedlings were produced in 2014 in the seedling nursery of
Institute of forestry in Belgrade. The trial was set up in a random block system with three
types of fertilizers and a control in three replications. Three types of pigments have been
examined: chlorophyll a, chlorophyll b and carotenoids. The leaf sampling was carried out
in the beginning of June 2014. The highest concentration of photosynthetic pigments was
found in the leaves of seedlings treated with the preparation Osmocote® Exact Standard 5-
6 M and the lowest in the seedlings which were not treated. The highest mean value had
chlorophyll a (0.522mg/g) in treatment with Osmocote® Exact Standard 5-6 M and the
lowest mean value had chlorophyll b (0.213mg/g) in the control sample. The results showed
that the concentration of photosynthetic pigments in leaves of eastern black walnut juvenile
seedlings varied depending on the fertilizer that was applied. Based on the obtained results
it can be concluded that the proper fertilizer can increase the concentration of
photosynthetic pigments in leaves and therefore the intensity of photosynthesis which
contributes to increasing the biomass production.

Key words: eastern black walnut, fertilizer, photosynthetic pigments.

! Institut of Forestry, Kneza Viseslava 3, Belgrade, Serbia. E-mail: viadanpop79@gmail.com

* Acknowledgement: The research is financed by the Ministry of Science and Technological
Development of the Republic of Serbia, Project TR 31070 “The development of technological
procedures in forestry with a view to an optimum forest cover realisation” (2011-2015).
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YTUILIAJ TIPEITIAPATA UCXPAHE HA CAZIPXKAJ
®OTOCUHTETUUYKUX MUTMEHATA JYBEHUJIHUX CA/THULIA
HOPHOI OPAXA (Juglans nigra L.)

U3Boa: V pady cy npuxazanu pezyimamu ymuyaja paziudumux npenapama ucxpane Ha
caopicaj pomocuHmemuyKux nueMeHama y TUCMoGUMA JYBEHUTHUX CAOHUYA YPHOS 0paxa
(Juglans nigra L.). Cadnuye ypnoe opaxa cy npousgedere y pacaouuxy Hncmumyma 3a
wymapcmeo y beoepady y 2014. co0unu. Oened je nocmasmen no CayyajHom 010K
cucmemy ca mpu 6apujaHme NPUXpawe U KOHMPOAOM y mpu noHaswarwa. OO
domocunmemuuKux NUSMEHmMA UCMPAdXCUBAnU cy: Xaopogun a, xaopogur 6 u
KapomeHouou. Y3opyu aucmosa 3a meperse caopiicaja GomocuHmemuyKux nusmeHama
yzemu cy y npeoj nonosunu jyra 2014. cooune. Hajsehu cadpocaj pomocunmemuurux
nuemenama ymephen je y Jaucmosuma caonuya Koje cy mpemupaue npenapamom
Osmocote® Exact Standard 5-6 M, a najmaru ko0 caduuya Koje HUCy mpemupawe.
Hajsely npoceuny epeonocm umao je xnopoghun a (0,522 mg/g) y mpemmarny Osmocote®
Exact Standard 5-6 M, a uajmarey xnopogun 6 (0,213 mg/g) y KoHmpoiHom y30pKy.
Jlobujenu pezynmamu nokasyjy o0a ce caopicaj GOmocUHMemuyKux nuecMeHama y
JUCTNOBUMA CAOHUYA YPHOZ Opaxa Merd Y 3aeUCHOCmU 00 Kopuwfienoe npenapama
ucxpana. Ha ocnosy dobujenux pezynimama moogice ce KOHCMAmMosamu 0a ce NpaguiHoOM
UcxXparom bumara moxce nosehamu caopxcaj PomoCcUHMeMmuUKUX nUeMeHama y aucmy, d
mume u uHmMeH3umMem omocunmese, wmo donpuHocu noseharby npodykyuje buomace.

KibydHe peun: npHHU opax, MpenapaT ucxpaHe, POTOCHHTECTHYKH MTUTMCHTH.
1. INTRODUCTION

The role of photosynthetic pigments in plant organism is reflected in the
absorption of light necessary for the process of photosynthesis. Chlorophylls are
the primary photosynthetic pigments. They reflect green part of the spectrum of
visible light, while carotenoids reflect yellow, orange or red part of the spectrum.
The ability to absorb certain wavelengths of light is more important for the process
of photosynthesis than the ability of reflection of the part of the light (Popovic et
al., 2015). Due to different size and shape as well as different concentration of
pigments, the leaves have different ability to absorb visible light and to transform it
into energy of chemical bonds (Civi¢ et al., 2005). The use of various nutrition
preparations can significantly influence the concentration of photosynthetic
pigments and thus on photosynthesis as a whole (Janmohammadi et al., 2012).

Determination of concentration of photosynthetic pigments in leaves is
justified having in mind that the intensity of photosynthesis largely depends on
that. In this paper was researched the effect of three different nutrition preparations
on concentration of photosynthetic pigments in leaves of juvenile, one-year-old
seedlings of eastern black walnut (Juglans nigra L.).

2. MATERIAL AND METHOD

The seed of eastern black walnut collected in 2013 in micro-population in
Arboretum of Faculty of forestry in Belgrade was used for trial set up. Due to
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embryo dormancy the walnut seed was moist stratified from November 2013 until
end of March 2014 (at the temperature 3-5 °C). The sowing was performed in rows
at a depth of 5 cm in April 2014 in the seedling nursery of the Institute of forestry
in Belgrade. The seed was planted in TrefTPS fine brown substrate. The trial was
set up in three replications. Except the control block which was not treated with
nutrition preparations, three blocks of trial fields were treated with three types of
fertilizers: the controlled release fertilizer Osmocote® Exact Standard 5-6 M, the
microbiological preparation Bactofil® B 10 and the complex NPK mineral
fertilizer Florin 2, the dosage is recommended by the manufacturers (Cirkovié-
Mitrovi¢, T., 2014).

Leaf sampling of eastern black walnut seedlings was conducted at 10th
July 2014. The concentration of photosynthetic pigments was determined on the
same day in the laboratory of the Institute of forestry. A sample of 1 g was
homogenized using a mortar and pestle. For better homogenization of the sample 2
g of quartz sand was added in the mortar before mechanical grinding. The paste
was for 3 minutes treated with 15 ml of 80% acetone. To this mixture was added 1
mg of MgCOs; in order to prevent acidification of the solution. The resulting green
solution was applied by a small glass rod on a glass filter and using a water spray
vacuum pump it was filtered into the vacuum test tube. The resulting filtrate was
the pigment extract which is transferred from the test tube to the regular 25 ml
vessel and supplemented with 80% acetone to the line. To perform reading in a
spectrophotometer the obtained extract has to be diluted. 1 ml of the obtained
extract was taken by pipette and into that was added 9 ml of acetone and then it
was transferred to the test tube. Thus prepared extract was poured into the cuvette
and read on the spectrophotometer, the absorption was at the wavelengths 662, 644
and 440 nm. The formula of Holm and Wetsttein was applied to calculate the
concentration of the pigment in the extract in mg/dm’.

Preparation and reading on the spectrophotometer as well as calculation
was performed using standard methods (Oljaca, R., Srdi¢, M., 2005).

3. RESULTS AND DISCUSSION

Table 1 presents the concentration of photosynthetic pigments in eastern
black walnut leaves depending on the applied nutrition preparation. Based on these
results it can be concluded that the concentration of photosynthetic pigments in
leaves of seedlings treated with nutrition preparations was increased compared to
control seedlings.

The greatest concentration of chlorophyll a in the amount of 0.522 mg/g
was measured in the seedlings treated with Osmocote and the lowest in the control
seedlings in the amount of 0.346 mg/g. The concentration of chlorophyll b was in
the range of 0.213 to 0.349 mg/g. The highest concentration was measured in the
seedlings treated with Osmocote and the lowest in the seedlings that were not
treated with fertilizers. The concentration of carotenoids was ranging from 0.227
mg/g which was measured in the seedlings that were not treated with fertilizers to
0.400 mg/g as measured in the seedlings treated with Osmocote (Table 1, Graphs 1,
2, 3).
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Table 1. Concentration of photosynthetic pigments in eastern black walnut leaves
depending on nutrition preparation type

Fertilizer | Chlorophyll a mg/g | Chlorophyll b mg/g | Carotenoids mg/g
Control 0.346 0.213 0.227
Osmocote 0.522 0.349 0.400
Bactofil 0.374 0.288 0.386
Florin 0.370 0.285 0.341
0,600 A
= 0,500 -
bo
g 0,400 -
®
= 0,300 -
s
o 0,200 -
o
S 0,100 -
0,000 /
1 2 3 4
nutrition preparation

Note: 1-Control, 2- Osmocote, 3- Bactofil, 4- Florin
Graph 1.Concentration of chlorophyll a in eastern black walnut leaves
depending on nutrition preparation type
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Note: 1-Control, 2- Osmocote, 3- Bactofil, 4- Florin
Graph 2. Concentration of chlorophyll b in eastern black walnut leaves
depending on nutrition preparation type
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Graph 3. Concentration of carotenoids in eastern black walnut leaves
depending on nutrition preparation type

The results showed that the addition of the nutrition preparations in the
substrate in the first year of eastern black walnut seedlings growth had positive
effect on the concentration of photosynthetic pigments in the leaves of these plants.
The highest concentration of photosynthetic pigments was determined in juvenile
eastern black walnut seedlings treated with Osmocote® Exact Standard 5-6 M.
Positive effect of this nutrition preparation reflected also on development and
morphometric characteristics of seedlings. Other applied nutrition preparations also
positively affected concentration of photosynthetic pigments in the seedlings’
leaves but the measured values are slightly lower. Untreated seedlings have the
lowest concentration of measured photosynthetic pigments and compared to treated
seedlings they lagged behind development.

A foliar concentration of the main photosynthetic pigments chlorophyll a
and b is considered to be a bio-indicator of the total primary production of biomass
(Gitelson, A., Merzlyak, M. N., 1994). The research results of some authors also
showed that the fertilization has a positive effect on concentration of
photosynthetic pigments and quality of plants (Bravdo et al., 1993, Tojnko et al.,
2001, Nellsen et al., 2003, Civi¢ et al., 2005). Nutrition has the positive effect on
the concentration of photosynthetic pigments in walnut seedlings (Popovi¢ et al.,
2015). Also, the nutrition preparations have the positive effect on the quality and
morphometric characteristics of one-year-old seedlings of eastern black walnut
(Cirkovi¢-Mitrovi¢, T., 2014a). The positive effect of microbiological preparations
on the quality, morphometric characteristics and yield of plants was also
determined in researches of authors Kristek, C. et al. (2010), Dolijanovié, Z. et al.
(2014), etc.

4. CONCLUSIONS
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Based on the conducted researches it can be concluded that the applying of
nutrition preparations has the positive effect on concentration of photosynthetic
pigments in leaves of eastern black walnut seedlings and on their growth and
development. Usage of mineral fertilizer Osmocote® Exact Standard 5-6 M which
gave the best results in terms of increasing the concentration of photosynthetic
pigments can be recommended for a regular nursery production because this is
slow release fertilizer so the fertilization is achieved throughout the vegetation
season. When using fertilizers it has to be taken into account dosage because
excessive intake of mineral substances which is characteristic of conventional
production can adversely affect the general condition and development of the
plants.

A simple, quick and inexpensive way of using this type of fertilizer by
adding directly to substrate during its preparation, as well as controlled
decomposition which look after the needs of the plants and the relatively long
duration of effect justify its use in the mass production of high quality planting
material for different purposes.
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EFFECT OF FERTILIZERS ON CONCENTRATION OF PHOTOSYNTHETIC
PIGMENTS IN JUVENILE SEEDLINGS OF EASTERN BLACK WALNUT
(Juglans nigra L.)

Vladan POPOVIC, Tatjana CIRKOVIC-MITROVIC, Ljubinko RAKONJAC, Aleksandar
LUCIC

Summary

The role of photosynthetic pigments in plant organism is reflected in the
absorption of light necessary for the process of photosynthesis. Chlorophylls as the primary
photosynthetic pigments reflect green part of the spectrum of visible light, while
carotenoids reflect yellow, orange or red part of the light spectrum.

This paper researched the effect of different nutrition preparations on
concentration of photosynthetic pigments in leaves of juvenile seedlings of eastern black
walnut (Juglans nigra L.). The following photosynthetic pigments were examined:
chlorophyll a, chlorophyll b and carotenoids.

The results showed that the addition of the nutrition preparations in the substrate in
the first year of eastern black walnut seedlings growth had positive effect on the
concentration of photosynthetic pigments in the leaves of these plants. The highest
concentration of photosynthetic pigments was determined in juvenile eastern black walnut
seedlings treated with Osmocote® Exact Standard 5-6 M. Positive effect of this nutrition
preparation reflected also on development and morphometric characteristics of seedlings.
Other applied nutrition preparations also positively affected concentration of photosynthetic
pigments in the seedlings’ leaves but the measured values are slightly lower. Untreated
seedlings have the lowest concentration of measured photosynthetic pigments and
compared to treated seedlings they lagged behind development.

Based on the conducted researches it can be concluded that the proper nutrition
can increase the concentration of photosynthetic pigments in leaves of eastern black walnut
seedlings and also the intensity of photosynthesis and thus their growth and development.
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YTHUIAJ ITPEITAPATA UCXTPAHE HA CAJIPKAJ DOTOCUHTETHYKUX
IIMI'MEHATA JYBEHWJIHUX CAAHULA HPHOI' OPAXA (Juglans nigra L.)

Brnanan ITOITIOBUR, Tatjana ANPKOBUh-MUTPOBUT, Jbyouako PAKOALL,
Anexkcangap JIYUh

Pe3zume

VY 6usbHOM OpraHu3Mmy (OTOCHHTETHYKH MUTMEHTH Cy 3aJy)KECHHU 3a arcopIiujy
CBETJIOCTH HEOIIXOJHE 3a OJBHjame mporeca (GorocuHTese. XIOpohHiIn Kao IPUMapHU
(DOTOCHUHTETHYKM MUTMEHTH PEQIEKTYjy 3€IeHH JIe0 CIEKTpa BUIJEUBE CBETJIOCTH, JOK
KapoTEHOUAN peQIIEKTYjy KyTH, HApaHUJaCTH WM LIPBEHU JIE0 CIIEKTPa CBETIOCTH.

Y pagy je WCTpaXMBaH YTHIQj Pa3IMYUTHX Ipenapara UCXpaHe Ha CalipiKaj
(POTOCHMHTETHYKHMX NMHUTMEHaTa y JHCTOBHUMA jYBCHWIHUX CaJHUIA LpHOT opaxa (Juglans
nigra L.). On GOTOCHHTETHUYKNX MUTMEHTA UCTPaKMBAHU Cy: XJopodwi a, xiopopui 6 u
KapOTEHOUIH.

Pesynrati wucTpakuBama IOKa3ald Cy Ja [OAaBame Ipenapara HCXpaHe Y
CyICTpaT y NpBOj TOOWHH pacTa CaJHHLA LPHOI Opaxa IMO3UTUBHO YTHYE Ha CAIpPKaj
(OTOCHHTETHYKMX TNHTMEHAaTa Yy JIICTOBMMAa OBuUX Omipaka. Hajsehm campixaj
(OTOCHUHTETHYKMX MUTMEHATa yTBpHEH je KO/ jyBEHHJIHUX CaJHHIA IPHOT Opaxa Koje Cy
Tpetupane npernaparom Osmocote® Exact Standard 5-6 M. IlozuTHMBaH yTHIAj OBOT
IpenapaTa UCXpaHe OIpa3ho ce Ha pa3Boj U MOpGHOMETPHjCKe KapaKTEPUCTUKE CaJHHIIA.
Ocrayin NpUMEHEHH TIpernapaTH HCXpaHe Takohe TO3UTHUBHO YTHUUYy Ha CajpiKaj
(DOTOCHUHTETHYKHMX MUTMEHATa y JINCTOBMMA CaJHHWIA, CTUM Ja Cy U3MEpPEHE BPEIHOCTH
HemTo Hipke. CaJgHuIE KoOje HHCY NpHXpamHBaHE MMajy HajMamH Caapikaj MEpeHHX
(DOTOCHHTETHYKHX MUTMEHATa, a Y OJJHOCY Ha ITPHUXpamUBaHe CaIHUIIE 320CTajy y MOpacTy.

Ha ocHOBY 00aB/beHMX MCTpaXMBamba MOXKE CE KOHCTATOBAaTH Ja C€ NPaBHIHOM
ncXpaHoM Omibaka Moke moBehaTm campikaj (DOTOCHHTETHYKHMX IIMTMEHATa y JUCTY
CaJIHUIIA LPHOT Opaxa, OJHOCHO HHTEH3UTET (OTOCHHTE3E, a TAME U FMXOB PacT U Pa3Boj.
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