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Abstract - Determination of chlorophyll content as an indirect method of estimating the productivity of vegetation rep-
resents a good way to gain an understanding of the photosynthetic regime of plants. Physiological investigations of
chlorophyll and carotenoid content in the uppermost internode of several whest cultivars were carried out at the outset
of the flowering phase. The dependence of chlorophyl!l and carotenoid content on the fertilization variant was established
at that time. The tested wheat cultivars were grown under conditions of five fertilization variants. The content of chloro-
phyll a, chlorophyll b, and total chlorophyll (Chl a+b) was measured and carotenoid content was determined on each
variant. The resultsindicate that chlorophyll and carotenoid content depended on the presence and ratio of mineral ele-
ments in the substrate. Thisis demonstrated by the variant with unfertilized soil, where chlorophyll and carotenoid con-
tent in all cultivars was lowest. The variant of fertilization with N and P turned out to be most favorable. The next most
favorable variant was the one with nitrogen alone, and it was followed by the variant with N and K.
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INTRODUCTION flowering phase, and chlorophyll is believed to take part
in the process of organoganesis (Simova et al. 2001).
Direct and indirect methods can be used to investigate There is usually 4-5 mg of chlorophyll per unit of |eaf
primary organic production. Indirect methods are often surface. It should also be stressed that color of the leaves
used in practice for an approximate estimate of the value of certain cultivars and varieties is not always directly
of organic production because it is fairly difficult to correlated with chlorophyll concentration.
employ direct methods in plant communities. Asindirect
methods, it is possible to monitor and measure all phe- Carotenoids have a very important role in photosyn-
nomena and processes correlated with productivity thesis. Biosynthesis of carotenoids in plants is a genetic
(Aranaya et. al. 2003; Raynolds et al. 2000; K of characteristic, but environmental conditions also have an

et al. 2004). Chlorophyll content is one of the indices of essential role.

photosynthetic activity (L archer, 1995). It is of partic-

ular significance to precision agriculture as on indicator Many authors have established that chlorophyll syn-
of photosynthetic activity. thesisis dependent upon mineral nutrition. Mineral nutri-

tion significantly affects the dynamics of leaf surfacefor-
Leaf chlorophyll content varies within wide limits mation and the extent of leaf surface, which is reflected
(from 0.05 to 0.30% of fresh matter). According to the in the sum tota of leaf surface, the photosynthetic poten-
magjority of investigators, the ratio between chlorophylls tial, and pure productivity of photosynthesis. Of all
a and b is 3:1. These values vary as a function of plant macrometabolic elements, the gretest influence on devel -
growth and development, the cultivar of plant in question opment of plantsin general and their leaf surfaceis exert-
and a number of environmental factors. The greatest ed by nitrogen, whose effect is enhanced by phosphorus
chlorophyll content in plants occurs at the outset of the and to alesser extent by potassium.
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Nitrogen concentration in green vegetation is related
to chlorophyll content, and therefore indirectly to one of
the basic plant physiological processes: photosynthesis
(Haboudane, 2002; Amaliotis et al. 2004,
Lelyveld etal. 2004; Cabrera, 2004). Nitrogen is
an essential element for plant growth and is frequently
the major limiting nutrient in most agricultural soils
(Daughtry, 2000). Phosphorus is involved in many
metabolic processes essential for normal growth, such as
photosynthesis. This element exert influence on stability
of the chlorophyll molecule. Potassium is also essentia
for photosynthesis because it activates many enzymes
involved in this process (Ray Tucker, 2004).

MATERIALS AND METHODS

Complex physiological investigations were carried
out on material taken from atest plot of the Small Grains
Research Center in Kragujevac. Used as materia in the
present study were organs of the uppermost internode
(terminal leaf, uppermost part of stem and spike) of five
wheat cultivars. The cultivars investigated were as fol-
lows: Lazarica, Studenica, Matica, KG 56 and KG 100.
The material was collected in mid-May, at the outset of
the flowering phase.

Experimental conditions
For analysis of chlorophyll content, samples were

taken from five basic variants of soil fertilization (Table
1).

Fertilization  Nutrition Elements [kg/h]
variants N P,Og K50
0 0 0 0
N 150 0 0
NPK 150 80 100
NP 150 80 0
NK 150 0 100

Table 1. Treatmentsin along-term fertilizer experiment: O - unfertilized soil; N -
sail fertilized with nitrogen only; NPK - completely fertilized soil; NP - sail fer-
tilized with nitrogen and phosphorus; NK - soil fertilized with nitrogen and potas-
sium.

Each parcel was given the same amounts of potassi-
um ammonium nitrate (27 %), superphosphate (18 or 45
% P,05) and potassium chloride (60 % KCl). Unfertil-
ized soil belonged to the smonitza type in the process of
degradation and had a wesk acidic reaction with pH of
6.03 to 6.10 in water and 4.76 to 4.84 in KC1. The con-
tent of total nitrogen ranged from 0.11 to 0.15 %, while

the levels of accessible phosphorus and potassium were
lessthan 1 and from 10.3 to 11.1 mg/100 g of soil respec-
tively (Jeli ¢, 1994).

Processing of material

The material was processed in the fresh state imme-
diately after collection. After fine chopping, portions
weighing 0.5 g were measured off on an analytical bal-
ance. The measured-off material was then homogenized
in a homogenizer with the addition of 10 ml of 80 % ace-
tone. A primary acetone extract containing all chloroplast
pigments was obtained in this way. The extract was then
centrifuged at 2500 rpm for 5 min. Since the concentra-
tion of pigments was in most cases too great for reading
to be performed on a spectrophotometer, the obtained
extract was diluted by adding 9 ml of 80% acetone per ml
of extract. The extract produced in this way was subject-
ed to reading on a spectrophotometer. Chlorophyll con-
tent was calculated accordingto Wel | burn (1994).

RESULTS

The content of chlorophyll a, that of chlorophyll b,
and total chlorophyll content were measured and the ratio
of chlorophylls a and b determined in al five wheat cul-
tivars as a function of mineral nutrition at the outset of
flowering.

Chlorophyll content in the terminal |eaf

Fig. 1 presents the results of measuring chlorophy!ll
content in the termina leaf of wheat. The content of
chlorophyll a is significantly greater than that of chloro-
phyll b on all variants of soil fertilization. The concentra-
tion of chlorophyll b is virtualy equa in all cultivars
regardless of the fertilization variant and fluctuates
around 0.5 mg/g. The concentration of chlorophyll a
exhibits significantly greater variation in relation to pres-
ence or absence of mineral elementsin the soil.

As was expected, the lowest chlorophyll content in
all cultivars was recorded on unfertilized soil (where it
did not exceed 1.5 mg/g). The greatest chlorophyll con-
tent was measured on the soil fertilized with nitrogen and
phosphorus (NP variant). The Lazarica, Studenica, and
Matica cultivars had maximal values of chlorophyll con-
centration on this soil (from 2.4 to 3.2 mg/g). Among the
remaning fertilization variants, the N variant was the
most favorable. On this variant, the KG 56 cultivar had
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the highest value of chlorophyll content (3.0 mg/g).
Except on unfertilized soil, the KG 100 cultivar had
approximately equal leaf chlorophyll content on all vari-
ants of soil fertilization (2.1-2.2 mg/g).

Chlorophyll content in the uppermost part of the stem
As can be seen from the graphs presented in Fig. 2,

chlorophyll content in the uppermost part of the stem at
the outset flowering is significantly lower than in the ter-
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minal leaf (maximal valuesfluctuate around 1 mg/g). The
lowest chlorophyll content in this plant organ too was
measured on unfertilized soil, the investigated cultivars
attaining the greatest stem chlorophyll concentration on
different variants of soil fertilization. The Studenica and
Matica cultivars had the greatest chlorophyll content (1.0
mg/g) on the NP variant of fertilization. In the Lazarica
and KG 56 cultivars, the greatest chlorophyll content was
recorded on the NPK variant and on soil fertilized with
nitrogen only, respectively. The KG 100 cultivar proved
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to be especidly interesting in this part of the experiment,
since it had approximately equa stem chlorophyll con-
tent on all variants of soil fertilization (around 0.8 mg/g).

Chlorophyll content in the spike

Chlorophyll content in the spike, even in the initial
phase of flowering, was very low in relation to the termi-
nal leaf and uppermost part of stem and did not exceed
0.4 mg/g (Fig. 3). Spikes of the Lazarica, Maticaand KG
56 cultivars had equal chlorophyll content on all fertiliza-
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Fig. 2. Chlorophyll content in the uppermost part of stem

Total chlorophyll
chlorophyll a
chlorophyll b

tion variants. Somewhat greater spike chlorophyll con-
tent was recorded on the NP variant of fertilization. On
this variant the KG 100 cultivar had the greatest concen-
tration of chlorophyll.

Carotenoid content

Fig. 4 shows carotenoid content in the leaf, upper-
most part of the stem, and spike. The greatest values of
carotenoid content were recorded in the leaf, but these
valueswere considerably lower than values of chlorophyl|
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content.

The lowest carotenoid content in al cultivars was
measured on unfertilized soil. On the remaining fertiliza-
tion variants carotenoid content showed little variation as
a function mineral nutrition. Thus, the Lazarica, Studeni-
ca, and (especialy) KG 100 cultivars had approximately
equa carotenoid content on all fertilization variants
(between 0.4 and 0.5 mg/g). The Matica cultivar had a
very high value on the NK variant (above 0.6 mg/g),
whilein KG 56 the greatest carotenoid content was meas-
ured on the NPK and N variants.

Carotenoid content in the stem and especidly in the
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Figure 3. Chlorophyll content in the spike
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spike was very low (below 0.2 and 0.1 mg/g, respective-
ly).

DISCUSSION

The greatest part of the yield of cultivated plants is
known to result from work of the photosynthetic appara
tus, in which the chlorophyll molecule occupies a key
place. In the present study, photosynthetic pigments con-
tent was investigated in organs of the uppermost intern-
ode of wheat because wheat during grain formation and
plumping is supplied with carbohydrates of current pho-
tosynthesis created for the most part by activity in organs
of the given internode (the termina leaf, spike, and
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uppermost part of the stem). The leading role in these
processes is ascribed to the termina or flag leaf
(boki¢, 1999).

Winter wheat consumes relatively large amounts of
mineral elements in the course of its vegetation. Of all
macrometabolic elements, wheat consumes nitrogen in
the greatest quantities, potassium in somewhat smaller
amounts, and phosphorus in considerably smaller
amounts. Of all these elements, soil lacks nitrogen and
phosphorus in greater measure and potassium to a lesser
extent. Sufficiency of these elements for wheat isvirtua-
ly non-existent today. An especially small share of the
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Fig. 4. Carotenoid content in the leaf, stem, and spike
Carotenoid content in the terminal leaf
Carotenoid content in the uppermost part of stem
Carotenoid content in the spike

main nutritive elements is in forms readily accessible to
the plant. For this reason, wheat responds very positively
to application of mineral fertilizers. In the last years, an
enormous body of experimental data has been accumul at-
ed on the mineral nutrition of wheat (Evans, 1989;
Nemeth et al. 2000; Pepo, 2000; Amaliotis,
2004; Cecchin, 2004; Ray Tucker, 2004).

The greatest amounts of chlorophyll and carotenoids
in the flowering phase in dl cultivars on al fertilization
variants were recorded in the terminal leaf, a consider-
able smaller quantity was registered in the uppermost part
of the stem, and the smallest amount was recorded in the
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spike. The uppermost part of the stem is an auxiliary
organ in the process of photosynthesis, owing to the pres-
ence of chloroplastsin cells. However, this part has fewer
chloroplasts than in leaves and (as expected) contains
smaler amounts of chlorophyll and carotenoids. The
main function of the spike lies in the fact that grains are
formed and undergo ripening in it. However, the spike at
the very outset flowering is green, which means that its
cells contain chlorophyll. But the amount of chlorophyll
in the spike is very small and does not exceed 0.4 mg/g.

The NP fertilization variant (soil to which nitrogen
and phosphorus was added) was the most favorable vari-
ant for leaf chlorophyll content. This isin keeping with
published data indicating that nitrogen and phosphorus
exert the greatest influence on chlorophyll content. Nitro-
gen is a structura element of chlorophyll and protein
molecules, and it thereby affects formation of chloroplas-
ts and accumulation of chlorophyll in them (Ray
Tucker, 2004; Daughtry, 2000). The influence of
phosphorus on formation of green pigments in the leaf
depends primarily on its concentration. Phosphorus
affects the stability of chlorophyll in plants, especially
with the advent of unfavorable weather conditions in the
fall. In some cultivars, the greatest chlorophyll content
was measured in leaves of plants that grew on soil fertil-
ized with nitrogen only. Even though nitrogen is the most
important mineral element in the process of chlorophy!ll
biosynthesis, adding nitrogen to the soil can have nega-
tive as well as positive effects, since an excess of nitro-
gen shortens the life of leaves, increases their sensitivity,
and lowers their resistance to plant diseases, which leads
to decrease of leaf chlorophyll content. The NK variant
was unfavorable because chlorophyll content is known to
increase in the presence of a phosphorus deficit. Phos-
phorus deficiency inhibits plant growth and chlorophyll
synthesis, which gives plants experiencing it adark-green
color. It is interesting that not one cultivar had high
chlorophyll concentration on the NPK variant. This can
be attributed to the fact that may be explain, Cl from KCl
(which was added to the soil) can have negative effects
on the photosynthetic apparatus in plants.

Thus, the content of chlorophyll content and levels
of other leaf biochemical constituents can be used asindi-
cators of crop stress under conditions of nutritional defi-
ciencies (Tejada-Zarco, 2004). Such deficiencies
leading to crop chlorosis can be allaviated through appli-
cation of fertilizers, thereby improving yields and the
final crop quality (Cordeiro et al. 1995; Chova et

al. 2000). Increase in the yield of wheat where minera
fertilizers are used primarily results from enlargement of
the photosynthetic apparatus, increase in the rate of its
formation, lengthening of the plants lifetime, and
increase of photosynthetic activity. Application of miner-
al fertilizers also promotes better utilization of assimi-
lates in metabolic and growth processes.

REFERENCES

Amaliotis, D., Therios, |., Karatissiou, M. (2004). Effect of nitrogen
fertilization on growth, leaf nutrient concentration and photosyn-
thesis in three peach cultivars.ll International Symposium on
Irrigation of Horticultural Crops. ISHS Acta Horticulturae 449,
36-42.

Aranya, T., Pimnongkol, Camper, N. D. (2003). Photosynthetic
activity of MSMA-resistant and susceptible common cocklebur.
Pesticide Biochemistry and Physiology 76, 46-54.

Cabrera,R. 1.(2004). Evauating yield and quality of roses with respect
to nitrogen fertilization and leaf nitrogen status. XXV
International Horticulturae Congress. Acta Horticulturae 511.

Cecchin, |., Terezinha, F. F. (2004). Effect of nitrogen supply on
growth and photosynthesis of sunflower plants grown in the
greenhouse. Plant Science 166, 1379-1385.

Daughtry, C. S T., Walthall, C. L. Kim, M. S, Brown de Colstoun, E.,
McMurtrey, J. E. (2000). Estimating corn leaf chlorophyll
concentration from leaf and canopy reflectance. Remote Sensing
of Environment 74, 229-239.

Doki¢, D., Sojanovié, J., Milovanovié, M. (1999). Neke karakteri-
stike vrénog lista domacih sorti pSenice. Xl Smpozjum Jugosl.
Drus. za Fiziologiju biljaka, Novi Sad.

Evans, J. R. (1989). Photosynthesis and nitrogen relationship in leaves
of Cz plants, Oecologia 78, 9-19.

Haboudane, D., Miller, J. R, Tremblay, N., Zarco-Tejada, P. J.,
Dextraze, L. (2002). Intergrated narrow-band vegetation indices
for prediction of crop chlorophyll content for application to preci-
sion agriculture. Remote Sensing of Environment 81, 416-425.

Jeli¢, M., Kosti¢, M. (1994): |skori&avanje azota, fosfora i kaliju-
ma i njihov balans u dugotraginom ogledu sa dubrenjem.
Savremena poljoprivreda 42, 27-31.

Kof, E: M., Oorzhak, A. S, Vinogradova, |. A., Kelibernaya, Z. V.,
Krendeleva, T. E., Kukarskikh, Z.\V., Kondykov, |. V.,
Chuvasheva, E. S. (2004). Leaf morphology pigment complex,
and productivity in wild type and alpha Pea genotypes. Russian
Journal of Plant Physiology 51, 449-454.

Larcher, W. (1995). Physiological plant ecology. In: Ecophysiology and
Stress Physiology of Functional Groups, (3rd ed.). Springer, New
York, 1-528.

Lelyveld, L. J., Smith, B. L., Frazer, C. (2004). Nitrogen fertiliza-
tion of tear Effect on chlorophyll and quality parameters of
processed black tea. International Symposium on the Culture of
Subtropical and Tropical Fruits and Crops, ISHS Acta
Horticulturae 275, 168-180.


http://www.pdffactory.com

290 BILJANA BOJOVIC et al.

Nemeth,T., Czatho, P.,, Arendas, T. (2000). New environmentally
friendly wheat fertilizer advisory system for Hungary. In: Wheat
in a Globa Environment. (Eds. Z. Bedo and L. Lang). Kluwer
Academic Publishers, 625-631.

Pepo, P. (2000). Variety specific fertilization in wheat production. In:
Wheat in a Globa Environment (Eds. Z. Bedo and L. Lang.).
Kluwer Academic Publishers, 639-645.

Raynolds, M. P, Delgado, M. |., Gutierrez-Rodriguez, M., Larque-
Saavedra, A. (2000). Photosynthesis of whesat in awarm, irrigated
environment. Field Crops Research 66, 37-50.

Ray Tucker, M. (2004). Primary nutrients and plant growth, In:
Essential Plant Nutrients, North Carolina Department of
Agriculture.

Sang et al. (2003). Changes in photosynthetic efficiency and

carotenoid composition in leaves of white clover at different deve-
lopment stages. Plant Physiology and Biochemistry 41,
887-893.

Smova-Soilova, Lj., Soyanova, Z., Demirevska-Kepova, K.
(2001). Ontogenic changes in leaf pigments, total soluble protein
and Rubisco in two barley varieties in relation to yield. Bulg. J.
Plant Physiology 27(1-2), 15-24.

Tejada-Zarco, P. J., Miller, J. R, Morales, A,, Berjon, A., Aguera, J.
(2004). Hyperspectral indices and simulation models for chloro
phyll estimation in open-canopy tree crops. Remote Sensing of
Environment 90, 463-476.

Wellburn, A. R. (1994). The special determination of chlorophyllsa and
b as well as total carotenoids using various solvents with spec-
trophotometers of different resolution. Journal of Plant
Physiology 144, 307-313.

CALOPXAJ XINOPO®UITA U KAPOTEHOUOA KOA NWEHULE
Y 3ABUCHOCTU O] MMHEPAITHE UCXPAHE

BOJOBUTR BUTBbAHA' i J. CTOJAHOBUR?
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OnpehuBame canpxaja xyopoduia, Kao . jeaHa O
WHIUPEKTHUX METONa 3a OICHy OWJbHE NPOIYKIIHje,
Mpe/CTaBba nobap nyT 3a pasyMmeBame
(hOTOCHHTETHYKOT peKuMa Onshaka.

DuU3NONOIIKa HCTPAKUBAA CapKaja XI0poduia u
KapOTEHOW/IAa Y OpraHMMa BpPIIHE MHTEPHOMAU]E KOJ MeT
coptd TiieHule o0aBjbeHa cy y (a3u 1BeTama. Tom
NPUJINKOM yTBphUBaHa je 3aBHCHOCT cajpxkaja
xjopoduiia M KapoTeHoWaa ON BapHujaHTe hyOpema
3eMJBHINTA, OJHOCHO OJ MHHEpajlHe HCXpaHe.
HcnutrBaHe copTe Cy rajeHe Ha IeT BapujanT hyopema,
Ipy 4YeMy je Ha CBaKoj] BapHjaHTH MEpEH Ccajpxkaj
xyopbuna @, xmopopuna b, ykymumor xmopoduiaa u
caJpkaj KkaporeHoujaa. McnuTuBameM cy OuiH
oOyxBaheHH TepMHHAHM JIMCT, BPUIHM N0 cTabia u
KJac.

Pesysnraru uctpaxkuBama Cy MOKa3ajH Jia je CaapxKaj
xnopoduiaa W KapOTEHOWAa 3HAYAjHO 3aBHCHO O]
npucycTBa U MeljycoOHOT 0IHOCA XPAaHJBUBHX eJIeMeHaTa
y momno3u. Jlokaz 3a To je HehyOpeHo (KOHTPOIHO)
3eMJBHIITE, Ha KOME je caJpiKaj (OTOCHHTETHYKHX
nurMeHata Owo HajMamu. HajmoBoseHHja je Owmia
BapujaHTa hHyOpema asotoM u (ochopoM, Ha K0joj je
BehuHa coprm wmmana HajBehm caapxkaj xiopoduia,
3aTMM BapujaHTa hyOpema caMOo a30ToM, a OHa
BapujaHTa Kojoj je hyOpemeM nomaBaH a30T M KalHjyM.
HNHTepecantHo je nma motnyHo hyOpena BapwujaHTa
semipuinTa (NPK), cympoTHO oudekuBamHMa HHje
ucnosbina Behu edekar Ha canpkaj (HOTOCHHTETHUKHX
MUrMEHaTa.
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