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This study confirms the hypothesis that new and prospective maize inbred lines and
hybrids possess dominant property of an efficient photosynthetic model. This and other
relevant traits are successfully used in breeding programmes, modern technologies of
seed and commercial maize production. This statement is supported by the displayed
results on the erect position of the top leaves of new maize inbred lines and photosyn-
thetic and fluorescence parameters: the change of the delayed chlorophyll fluorescence
intensity during its course and dynamics, the Arrhenius criterion for the determination
of critical temperatures (phase transition temperatures) and the activation energies, as
a measure of conformational changes in chloroplasts and thylakoid membranes.
Furthermore, a grain structure including its physical and chemical properties of new
maize inbred lines and hybrids was analyzed in the present study. In addition, breeding
procedures, seed production, technological traits, properties and parameters of new and
prospective maize inbred lines and maize hybrids were observed in the present study.
Presented results show that properties of these inbred lines and maize hybrids are based
on the nature of conformational and functional changes that occur in their chloroplas-
ts and thylakoid membranes, as well as, on progressive effects in maize breeding, seed
production and commercial maize production.

Key words: Zea mays L., delayed chlorophyll fluorescence, efficient photosynthetic-
fluorescence model, thylakoid membrane.

Maize breeding and seed production have been intensively developing for the
last 65 years and because of such activity over 1400 grain and silage hybrids
were derived. Modern equipment and technical and technological prerequisites
were provided for carrying out the process of breeding and hybrid and com-
mercial maize seed production [8, 21, 23]. Since 1978, the number of plants
per area unit (plant density) has been significantly increased, which mostly
affected the increase in grain yields [20]. At the same time, a programme of
breeding and seed production of maize hybrids that included inbreds with erect
top leaves has been performed [6, 18]. Maize plants architecture is a major
contributing factor to their high level of productivity [26]. Varieties with an
erect-leaf-angle phenotype have an increased ability of light harvesting for
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photosynthesis and grain-filling which results in elevated grain yields. Besides
that, an erect leaf trait also contributes to maize grain yield by allowing for
increased planting densities [5, 24].

The studies on maize photosynthesis carried out in the previous period
did not have a more important application in breeding and the maize hybrid
seed production. Although, some research revealed sufficient genetic variabi-
lity among maize inbred lines for physiological traits [4], it was almost impos-
sible to present practical results and a clear and direct interrelationship among
photosynthesis, breeding and the production of maize hybrid seed by an old
and traditional approach. The way out was found in the functional connection
of photosynthetic functions with fluorescence [19, 21].

During the last 40 years, new and significant studies within the field of
bioluminescence and fluorescence phenomena and processes within the plant
systems, including maize, have been carried out [1—3, 7, 9, 12, 14, 17]. The
direct dependence of the delayed chlorophyll fluorescence (DF) intensity on
changes of photosynthetic processes in chloroplasts and thylakoid membranes
of maize intact leaves was determined [17]. Conditions that provided moni-
toring of complex photosynthetic processes in the intact leaf of maize inbreds
by a photosynthetic and fluorescence model in the form of chlorophyll DF
were developed by Radenović [19, 21].

Research methods within the field of biophysical chemistry contributed to
diversified binding of studies on photosynthetic and transport processes in
chloroplasts and the thylakoid membranes and different chemical structures of
grain with processes of fluorescence spectroscopy and chemical kinetics [17,
19].

The complex and interrelated processes in fundamental, multidisciplinary
and applied sciences are necessary in current studies. This manuscript presents
the bonds of interrelated studies carried out within breeding, photosynthesis,
fluorescence, biophysical chemistry and seed production in new and prospec-
tive maize inbred lines and hybrids with efficient photosynthetic functions.

The objective of the present study was to show that new and prospective
inbred lines that are included into new high yielding maize hybrids could have
an efficient photosynthetic model and could contribute to the functional con-
nection of breeding, photosynthesis and fluorescence, and thereby to the over-
all maize breeding progress and hybrid seed production and production of
commercial maize. According to our hypothesis, new and prospective maize
inbred lines with erect leaves are the closest to the assumptive maize photo-
synthetic model.

Material and Methods

Plant material. This study was performed with the following two new and
prospective maize inbred lines: ZPPL 218 and ZPPL 318 and the hybrids
which have one of those inbreds as parental lines: ZP 600, ZP 606 and ZP 666
(Fig. 1). The observed inbreds and maize hybrids are developed in Maize
Research Institute «Zemun Polje», Belgrade, Serbia.

The measure of an angle and leaf area. An erect position of the top leaves
was studied in the series of experiments. A specially designed protractor was
used to measure the angle between the position of the above-ear leaf and the
plant stalk of inbred lines. The leaf area was measured by using the portable
area meter (model LI-3000). Measures of the angle between the above-ear leaf
and the stalk and of the leaf areas were carried out on 218 plants for each
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inbred line during the three-year period. These methodical procedures were
described in previously published papers [18].

Photosynthetic fluorescence measurements. Another series of the experi-
ments was related to photosynthetic-fluorescence measurements, including
thermal processes of DF, critical phase transition temperatures and activation
energies. The test maize inbreds, grown at the experimental field of the Maize
Research Institute «Zemun Polje», were brought to the laboratory between
7 a.m. and 8 a.m. Plants sampled in the field were transversally cut at the
ground internode. In the laboratory, plants were internode lengthwise placed
in water. Prior to the fluorescence experiment, all plants were kept under the
black ball glass for two hours. Segments of above-ear intact leaves were taken
from such plants and placed into the phosphoroscope chamber. The intact leaf
segments were kept in the chamber (in the dark) for at least 15 minutes, and
then thermal processes of DF were measured. These tests were performed on
168 plants of each maize inbred line.

The improved non-invasive photosynthetic fluorescence method used to
measure DF, developed at the Maize Research Institute «Zemun Polje», has
been improved several times. Photosynthetic fluorescence measurements were
performed after a method that has been described in previously published
papers [17, 19].

Yields of new and prospective maize hybrids on different locations in Serbia.
Grain yields of maize hybrids ZP 600, ZP 606 and ZP 666 were observed on
eight different locations in Serbia with the application of standard methods for
a contemporary maize production [19].

Grain chemical composition, physical properties of new and prospective maize
inbred lines and hybrids with efficient photosynthetic functions. Methods used for

384

Č.N. RADENOVIĆ, , M.R. FILIPOVIĆ et al.D.M. GRODZINSKIJ

ISSN 2308-7099. Физиология растений и генетика. 2016. Т. 48. № 5

Fig. 1. Actual appearance of new inbred lines with erect top leaves: ZPPL 218 (A), ZPPL 318 (B),
and of prospective hybrids with their ears: ZP 600 (C), ZP 606 (D) and ZP 666 (E)
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the determination of grain chemical composition and physical properties of
maize inbred lines and hybrids with erect top leaves were fully described in
previously published papers [19]. Grain chemical composition encompassed
analysis of starch, proteins, oil and crude fibre. Physical properties of the grain
are presented through 1000-grain weight (TKW), test weight (TW), density
(D), floatation index (FI), milling response (MR), hard endosperm fraction
(HEF) and soft endosperm fraction (SEF).

Results and discussion

1. The measure of the angle and the area of the above-ear leaf. The angles
between the above-ear leaf and the stalk were 22.1° and 21.2° for the two exami-
ned inbreds ZPPL 218 and ZPPL 318 (Tab. 1). These inbred lines are the final
products of the intensive studies of development of maize inbred lines with erect
top leaves carried out at the Maize Research Institute «Zemun Polje».

2. Empirical procedure for photosynthetic fluorescence studies on the above-
ear leaf. The detailed studies on thermal processes of DF of observed new
maize inbred lines with erect top leaves were performed. The thermal curve is
a curve that shows the dynamics of changes in the stationary DF level inten-
sity in dependence on a temperature. The trend of its establishment is usually
analogous to changes in the duration in seconds, which was determined by the
empirical procedure [19].

Monitoring the course of the thermal curve and the analysis of the dura-
tion of certain segments provided data on the existence of a greater number of
critical temperatures (phase transition temperatures) at which greater or smal-
ler structural and functional changes occurred in chloroplasts and the thylakoid
membranes of observed new maize inbred lines with erect top leaves.

3. The exact temperature dependence of the delayed chlorophyll fluorescence
intensity for the thylakoid membranes of the maize inbred lines with erect top
leaves. The experimental measures of changes in the stationary DF level in
dependence of the temperature, ranging from 25 to 60 °C, were performed and
the dynamics of temperature dependence for two maize inbred lines with erect
top leaves was observed (Fig. 2 A and B).

4. The Arrhenius plot for the determination of critical temperatures and con-
formational changes in chloroplasts and the thylakoid membranes of the maize
inbred lines with erect top leaves. The Arrhenius plot is based on the lineariza-
tion of the exact DF temperature dependence of observed maize inbred lines.
Critical temperatures (phase transition temperatures) at which conformational
changes occur in chloroplasts and the thylakoid membranes are determined by
the application of the Arrhenius plot (Fig. 3 A and B).
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Table 1. The angle of the above-ear leaf and the leaf area of maize inbred lines with efficient
photosynthetic functions

Angle of the above-ear leaf
in degrees

Area of the above-ear leaf,
cm2

Inbred line
FAO

maturity
group

Heterotic origin
of the inbred

average angle standard
deviation σ

average leaf
area

standard
deviation σ

ZPPL 218 650 Zemun Polje —
Lancaster

22.1° 1.36 391 0.41

ZPPL 318 600 Zemun Polje —
BSSS

21.2° 1.15 358 0.39



5. Activation energy and critical temperatures in the thylakoid membranes 
of the observed maize inbred lines with erect top leaves. Detailed studies on the
thermal processes of DF, and especially on the analysis of experimental ther-
mal curve, encompassed not only the temperature dependence and the

Arrhenius plot, but also the esti-
mation of values of activation
energies (Ea) for critical tempera-
tures (phase transition tempera-
tures) in chloroplasts and the thy-
lakoid membranes of the observed
new maize inbreds with erect top
leaves (ZPPL 218 and ZPPL 318)
were carried out (Tab. 2). 

6. Yields of new and prospec-
tive maize hybrids on different loca-
tions in Serbia. New and prospec-
tive maize hybrids: ZP 600, ZP
606 and ZP 666, are mainly
indented for the cultivation in
Banat, Srem, Bačka, Mačva and
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Fig. 2. Changes in the intensity of the delayed chlorophyll fluorescence (IDF) of thermal process-
es in dependence on the effects of temperatures on chloroplasts and thylakoid membranes of the
intact above-ear leaf of maize inbred lines with erect top leaves: ZPPL 218 (A), and ZPPL 318 (B)

Fig. 3. The Arrhenius plot for the determination of critical temperatures (T, K) and conforma-
tional changes in chloroplasts and thylakoid membranes of the above-ear leaf of observed maize
inbred lines with erect top leaves: ZPPL 218 (A) and ZPPL 318 (B)

t °C

t °C

1/T, K–1 ќ 10–4

A B

A B

Table 2. Changes in activation energies (Ea) and
critical temperatures (t °C) in the course of
thermal processes in the thylakoid membranes of
the intact above-ear leaf of studied maize inbred
lines with erect top leaves

ZPPL 218 ZPPL 318

Ea, kJ/mol t, °C Ea, kJ/mol t, °C

— 27.0 — 33.5

43.1 29.0 40 38

27.3 36.9 77.23 53.5

37.0 43.5 26.09 56.5

42.5 47.8 50.51 59.3

51.1 49.9 227.52 —



alongside river banks in Serbia. Average grain yields of those hybrids ranged
from 11.0 to 11.8 t/ha. Observed hybrids showed high and stabile yields over
different locations and environments, which indicates them as perspective
hybrids for maize production (Tab. 3).

7. Broad survey of breeding and seed production traits of new maize inbred
lines and prospective maize hybrids with efficient photosynthetic functions. Maize
inbred lines ZPPL 218 and ZPPL 318 have been included in breeding for the
last 3-4 years. As new and prospective maize inbred lines and hybrids with
erect top leaves are observed a broader presentation of relevant breeding, seed
production and technological traits, properties and parameters gained by use
of standard methods is given (Tab. 4).

8. Chemical composition and physical properties of new and prospective
maize inbred lines and hybrids with efficient photosynthetic functions. Chemical
composition of grain of two inbred lines and their three hybrids encompassed
percentage of starch, proteins, oil and crude fibre (Tab. 5). Variations between
chemical compositions were observed between inbred lines and also their
hybrids. Indices of physical properties of grain of maize inbred lines and hybrids
with erect top leaves also show differences between and among them (Tab. 6).

Yield potential is the genome-encoded capacity of a crop species to gene-
rate yield in an optimal growth environment [16]. Therefore the canopy archi-
tecture has been a major target in crop breeding for improved yields [22]. The
second half of the 20th and the first decade of the 21st century are characterised
by a great success achieved in maize breeding and the production of funda-
mental and hybrid maize seed of high quality and commercial maize. The
number of plants per area unit has been growing since 1978. This programme
was referred to as a «plant density» programme and it directly affected the yield
increase of high quality fundamental and hybrid maize seed [20]. In addition,
a programme on the development of maize inbred lines with erect top leaves
was established at the same time as the «plant density» programme. It was con-
sidered that inbreds with the erect top leaves were the closest to the proposed
efficient photosynthetic model [18, 21]. The complementary and mass imple-
mentation of these programmes led to very important results in both, maize
breeding and the hybrid seed production. New and numerous hybrids with high
grain and silage yields were developed and grown on large areas due to their
high yielding potential and the appropriate quality of the plant and the grain
[5, 8, 22, 24].

Contemporary breeding studies have been performed on top leaves of
maize inbred lines. Ear leaves have been particularly observed, but also other
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Table 3. Yields of new and prospective maize hybrids (t/ha) with efficient photosynthetic functions 
in eight locations of Serbia* 

Locations in Serbia* 
Hybrid 1 

x  
2 
x  

3 
x  

4 
x  

5 
x  

6 
x  

7 
x  

8 
x  

Average 
x  

ZP 600 12.8 11.0 11.2 12.9 11.8 10.6 10.8 13.5 11.8 

ZP 606 12.9 11.6 10.5 12.5 10.9 10.7 10.4 12.2 11.6 

ZP 666 12.7 10.9 9.5 11.6 10.6 10.0 10.3 12.5 11.0 

*Locations in Serbia by the ordinal number: 1 — Loznica, western Serbia; 2 — Sakule, southern 
Banat; 3 — Smederevo, the Danube region; 4 — Zmajevo, southern Bačka; 5 — Žarkovac, 
eastern Srem; 6 — Bato?, mid Banat; 7 — Divo?, northern Srem; 8 — Bečej, eastern Bačka. 

* Locations in Serbia by the ordinal number: 1 — Loznica, western Serbia; 2 — Sakule, southern
Banat; 3 — Smederevo, the Danube region; 4 — Zmajevo, southern Bačka; 5 — Žarkovac, east-
ern Srem; 6 — Batoš, mid Banat; 7 — Divoš, northern Srem; 8 — Bečej, eastern Bačka.
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Table 5. Chemical composition of new and prospective maize inbred lines and hybrids with
efficient photosynthetic functions

Lines or hybrids Starch (%) Proteins (%) Oil (%) Crude fibre (%)

Inbred line

ZPPL 218 69.10 9.60 5.79 2.18

ZPPL 318 71.27 10.31 4.91 2.39

Hybrid

ZP 600 73.01 7.76 5.76 1.91

ZP 606 73.48 9.84 5.06 2.23

ZP 666 74.32 9.61 6.10 2.42

Table 4. Relevant breeding and seed production traits of maize inbred lines with efficient
photosynthetic functions

Brief description of breeding, seed production and technological traits of
new maize inbred linesName and defining of

traits
ZPPL 218 ZPPL 318

Heterotic origin Zemun Polje — Lancaster Zemun Polje — BSSS

FAO maturity group 650 600

Grain yield in kg  ha–1

at 14 % moisture

   a) dry land farming 3220±204 4056±265

   b) irrigation 4186±255 6045±330

Erect position of ear
leaf

Inbred has an erect top leaves Inbred has a very erect
top leaves

Stay green Stay green trait is medium
pronounced. Leaves above ear

remain green until waxy ripeness

Stay green trait is pronounced to a
medium extent. Leaves above ear
remain green until waxy ripeness

Inbred tolerance to
stress factors such as
drought, high
temperature and the
like

Inbred has a good tolerance to
drought and increased and high

temperatures

Inbred has a good tolerance to
drought and increased and high

temperatures

% moisture in grain at
harvest

Inbred is harvested at 18.0 % Inbred is harvested at 22.0 %

What does inbred
emergence look like?

Inbred emerges very well Inbred emerges very well

Is grain suitable for
nutrition of ruminants
and nonruminants?

Inbred has high quality grain and
hybrids developed from this inbred
have also high quality grain suitable

for nutrition of ruminants and
nonruminants

Inbred has high quality grain and
hybrids developed from this inbred
have also high quality grain suitable

for nutrition of ruminants and
nonruminants

What is a content of
carotene in inbred
grain?

Grain of this inbred has a common
content of carotene and hybrids

developed from this inbred are very
suitable for nutrition of pigs and

ruminants

Grain of this inbred has a higher
content of carotene and hybrids

developed from this inbred are very
suitable for nutrition of laying hens

Is the inbred suitable
for the development
of silage hybrids?

Inbred is very suitable for the
development of silage hybrids

Inbred is very suitable for the
development of silage hybrids

Digestibility (%) 81.6 80.44



top leaves up to the tassel. The most efficient and the longest photosynthetic
processes necessary for the maize plant have been achieved by these leaves.
According to the stated, a hypothesis that top leaves (above-ear leaves) achie-
ving the efficient photosynthesis has been proposed. Therefore studies of gene-
tic regulation of leaf angle and determination of QTLs responsible for this trait
are very important in maize breeding. Several QTLs for leaf angle were deter-
mined by linkage mapping and association mapping [10, 11, 13, 15, 24, 25,
26]. The genetic basis of this trait is dominated by small effects with little epis-
tasis, environmental interaction and pleiotropy.

This study was an attempt to answer the following questions by using dif-
ferent tests and analyses: 

1) Were there reliable and dominant traits of maize inbred lines with erect
top leaves by which planned and satisfactory progress in maize breeding and
the high-quality hybrid seed maize production could be achieved? 

2) Which traits should such maize inbred lines have?
Gained results of experimental studies can offer at least a partial answer

to these questions. The first series of experiments included the measure of the
angle and the leaf area of observed new maize inbred lines with erect top
leaves. The results obtained on these traits (Tab. 1) classify them into impor-
tant breeding and seed production traits [18, 19]. The second series of expe-
riments encompassed photosynthetic fluorescence studies on conformational
and functional changes in chloroplasts and the thylakoid membranes of the
intact above-ear leaf of new maize inbred lines. The exact results of the tem-
perature dependence of DF for all new maize inbred lines with erect top leaves
are presented (Fig. 2 A, B). All critical temperatures (phase transition tempe-
ratures) at which even the slightest conformational changes had occurred in
the thylakoid membranes of new maize inbred lines with erect top leaves were
determined by the Arrhenius criterion and the linearization of the DF tem-
perature dependence. The values of critical temperatures in °C, their frequen-
cy and intermediate distance characterise observed maize inbred lines with
erect top leaves in relation to their tolerance, resistance, flexibility and adap-
tability not only to increased and high temperatures, but also to drought [18].

The Arrhenius criterion is based on the existence of straight lines. Each
Arrhenius straight line represents its activation energy (Ea). The intersection
point of two straight lines is designated by a critical temperature. Results of the
Ea values in the inclining and declining part of the thermal curve are explained
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Table 6. Physical properties of the grain of new and prospective maize inbred lines and hybrids
with efficient photosynthetic functions

Lines or hybrids TKW* TW D FI MR HEF SEF

Inbred line

ZPPL 218 341.5 844.1 1.29 23.28 10.5 58.1 41.9

ZPPL 318 316 811.7 1.28 24.31 12.2 62.3 37.7

Hybrid

ZP 600 488.0 788.2 1.27 34.3 12.7 55.8 44.2

ZP 606 474.0 777.0 1.26 48.2 11.3 57.9 59.1

ZP 666 356.0 806.2 1.28 24.5 10.9 42.7 40.0

* TKW = 1000-kernel weight (g), TW = test weight (kg/m3), D — density (g/cm3), FI —
floatation index (%), MR — milling response (s), HEF — hard endosperm fraction (%), SEF —
soft endosperm fraction (%).



by lesser or greater conformational changes that occur in the molecules of pig-
ments (chlorophyll) in the thylakoid membrane with the temperature increase.
Due to such changes, these molecules become more reactive and thereby gain
the additional energy that is used in the recombining process of the DF occur-
rence (Tab. 2) [17, 18].

Presented photosynthetic fluorescence traits of studied maize inbred lines
with erect top leaves can contribute to more exact, rational and expeditious
proceedings of breeding processes and the production of high-quality hybrid
maize seed, and commercial maize, which makes these maize inbred lines
exceptionally important.

Obtained results of maize hybrids yields (Tab. 3), should be considered as
preliminary ones. According to the description of breeding, seed production
and technological traits, properties and parameters it is obvious that these are
stable hybrids with high quality grains. However, it is necessary to find appro-
priate locations for such hybrids (Banat, Bačka, Srem, Mačva, river valleys, but
also in Turkey, Greece, Romania, Mediterranean and Middle East countries)
in which their full genetic potential of the yield can be used.

Analysis of physical traits and chemical composition (Tab. 5, 6) indicate
exceptional quality of observed maize inbred lines and hybrids with efficient
photosynthetic functions [19].

A broad survey of breeding, seed production and technological traits of
new inbred lines and prospective maize hybrids with efficient photosynthetic
functions (Tab. 4) completes above presented observations and contributes to
the improvement of modern programmes of both, breeding and current hybrid
seed and commercial maize productions, which can be useful for practice.

Conclusions

Elite maize inbred lines and hybrids with erect top leaves possess an efficient
photosynthetic model. Such inbreds like ZPPL 218 and ZPPL 318 are suc-
cessfully applied in modern breeding programs and production of high yielding
and high quality maize hybrids like ZP 600 ZP 606 and ZP 666. Analysis of
agronomic parameters showed that those hybrids perform high and stabile
yields over environments and on the other hand possess desirable chemical and
physical grain composition. Presented results indicate that favorable properties
of maize inbreds and hybrids are in great dependence on nature of structural
and functional changes that occur in their chloroplast and thylakoid mem-
branes. 
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ЯКІСНІ ОЗНАКИ IНБРЕДНИХ ЛIНIЙ КУКУРУДЗИ ТА ЇХ ГIБРИДIВ З
ЕФЕКТИВНИМИ ФОТОСИНТЕТИЧНИМИ ФУНКЦIЯМИ

Ч.Н. Раденович1,2, 3, М.Р. Філіпович1, Н.С. Делич1, I.З. Срдич1,
I.М. Павлов1

1 Науково-дослідний інститут кукурудзи «Земун поле», Белград, Сербія
2 Белградський університет, Сербія
3 Iнститут клітинної біології та генетичної інженерії Національної академії наук України,
Київ, Україна

Наведено результати досліджень, які підтверджують наявність ефективної фотосинтетичної
системи у нових перспективних інбредних ліній кукурудзи та їх гібридів. Ознаки високої
ефективності успішно використовують у програмах селекції та сучасних технологіях про-
мислового виробництва кукурудзи. З вертикальним положенням верхніх листків у інбред-
них ліній кукурудзи корелюють значення параметрів, що характеризують активність фото-
синтетичного апарату та флуоресценції хлорофілу, а саме: інтенсивність уповільненої
флуоресценції хлорофілу та її динаміка, критерій Арреніуса щодо критичних температур
(температура фазового переходу) та енергія активації як міра конформаційних змін у хло-
ропластах та їх тилакоїдних мембранах. Наведені дані вказують на те, що господарсько-
цінні ознаки досліджених інбредних ліній і гібридів насамперед визначаються особливос-
тями конформаційних і функціональних змін, які відбуваються у хлоропластах, зокрема в
тилакоїдних мембранах, а також прогресом у селекції та насінництві кукурудзи.

КАЧЕСТВЕННЫЕ ПРИЗНАКИ ИНБРЕДНЫХ ЛИНИЙ КУКУРУЗЫ И ИХ
ГИБРИДОВ С ЭФФЕКТИВНЫМИ ФОТОСИНТЕТИЧЕСКИМИ ФУНКЦИЯМИ

Ч.Н. Раденович1,2, 3, М.Р. Филипович1, Н.С. Делич1, И.З. Срдич1,
И.М. Павлов1

1 Научно-исследовательский институт кукурузы «Земун поле», Белград, Сербия
2 Белградский университет, Сербия
3 Институт клеточной биологии и генетической инженерии Национальной академии наук
Украины, Киев, Украина

Приведены результаты исследований, которые подтверждают наличие эффективной фото-
синтетической системы у новых перспективных инбредных линий кукурузы и их гибри-
дов. Признаки высокой эффективности успешно используются в программах селекции и
современных технологиях промышленного производства кукурузы. С вертикальным поло-
жением верхних листьев у инбредных линий кукурузы коррелируют значения параметров,
характеризующих активность фотосинтетического аппарата и флуоресценции хлорофилла,
а именно: интенсивность замедленной флуоресценции хлорофилла и ее динамика, крите-
рий Аррениуса в отношении критических температур (температура фазового перехода) и
энергия активации как мера конформационных изменений в хлоропластах и их тилакоид-
ных мембранах. Представленные данные указывают на то, что хозяйственно-ценные при-
знаки исследованных инбредных линий и гибридов прежде всего определяются особенно-
стями конформационных и функциональных изменений, происходящих в хлоропластах, в
частности, в тилакоидных мембранах, а также прогрессом в селекции и семеноводстве
кукурузы.

Ключевые слова: Zea mays L., замедленная флуоресценция хлорофилла, эффективная
фотосинтетически-флуоресцентная модель, тилакоидная мембрана.
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