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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 Radenovi¢ [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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A

Fig. 1. Actual appearance of new inbred lines with erect top leaves: ZPPL 218 (4), ZPPL 318 (B),
and of prospective hybrids with their ears: ZP 600 (C), ZP 606 (D) and ZP 666 (F)

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 am. 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
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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 4 and B).

4. The Arrhenius plot for the determination of critical temperatures and con-
Jformational 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 4 and B).

Table 1. The angle of the above-ear leaf and the leaf area of maize inbred lines with efficient
photosynthetic functions

F Angle of the above-ear leaf | Area of the above-ear leaf,

. AO Heterotic origin in degrees cm’

Inbred line | maturity .

group of the inbred average angle | Standard | average leaf | standard

80 angle | geviation o area deviation o

ZPPL 218 650  Zemun Polje — 22.1° 1.36 391 0.41

Lancaster
ZPPL 318 600 Zemun Polje — 21.2° 1.15 358 0.39
BSSS
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Fig. 2. Changes in the intensity of the delayed chlorophyll fluorescence (Ig) 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 (A4), and ZPPL 318 (B)
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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)

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-
Table 2. Changes in activation energies (Ea) and mation of values of activation
critical temperatures (t °C) in the course of

thermal processes in the thylakoid membranes of energies (Ea) for critical tempera-
the intact above-ear leaf of studied maize inbred  tures (phase transition tempera-
lines with erect top leaves tures) in chloroplasts and the thy-

ZPPL 218 ZPPL 318 lakoid membranes of the observed
Ea, kJ/mol | t, °C Ea, kJ/mol | t, °C new maize inbreds with erect top
leaves (ZPPL 218 and ZPPL 318)

- 27.0 - 33.5 were carried out (Tab. 2).
43.1 29.0 40 38 6. Yields of new and prospec-
273 36.9 77.23 535 tive maize hy{)ﬁds on different loca-
370 45 26.09 s6.5 tions in ‘Serbla. New and prospec-
: : : : tive maize hybrids: ZP 600, ZP
425 478 50.51 59.3 606 and ZP 666, are mainly
51.1 49.9 227.52 — indented for the cultivation in

Banat, Srem, Backa, Magva and
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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 20" and the first decade of the 215t 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

Table 3. Yields of new and prospective maize hybrids (1/ha) with efficient photosynthetic functions
in eight locations of Serbia*

Locations in Serbia*

3 4 5 6 7
X X X b X

Hybrid Average

X

= o0

=N

1
X

ZP 600 12.8 11.0 11.2 12.9 11.8 10.6 10.8 13.5 11.8
ZP 606 129 11.6 10.5 12.5 109 10.7 104 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 — Sa}kule, southern
Banat; 3 — Smederevo, the Danube region; 4 — Zmajevo, southern Backa; 5 — Zarkovac, east-
ern Srem; 6 — Bato§, mid Banat; 7 — Divos§, northern Srem; 8 — Bed&ej, eastern Backa.
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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
Name ar}[d %eﬁmng of new maize inbred lines
raits
ZPPL 218 | ZPPL 318
Heterotic origin Zemun Polje — Lancaster Zemun Polje — BSSS
FAO maturity group 650 600

Grain yield in kg - ha™!
at 14 % moisture

a) dry land farming 3220+204 40561265
b) irrigation 41861255 60451330
Erect position of ear Inbred has an erect top leaves Inbred has a very erect
leaf top leaves
Stay green Stay green trait is medium Stay green trait is pronounced to a
pronounced. Leaves above ear medium extent. Leaves above ear
remain green until waxy ripeness remain green until waxy ripeness
Inbred tolerance to Inbred has a good tolerance to Inbred has a good tolerance to
stress factors such as drought and increased and high drought and increased and high
drought, high temperatures temperatures
temperature and the
like
% moisture in grain at Inbred is harvested at 18.0 % Inbred is harvested at 22.0 %
harvest
What does inbred Inbred emerges very well Inbred emerges very well

emergence look like?

Is grain suitable for Inbred has high quality grain and Inbred has high quality grain and
nutrition of ruminants hybrids developed from this inbred  hybrids developed from this inbred
and nonruminants? have also high quality grain suitable have also high quality grain suitable

for nutrition of ruminants and for nutrition of ruminants and
nonruminants nonruminants

What is a content of  Grain of this inbred has a common  Grain of this inbred has a higher
carotene in inbred content of carotene and hybrids content of carotene and hybrids
grain? developed from this inbred are very developed from this inbred are very

suitable for nutrition of pigs and  suitable for nutrition of laying hens

ruminants

Is the inbred suitable Inbred is very suitable for the Inbred is very suitable for the
for the development development of silage hybrids development of silage hybrids
of silage hybrids?
Digestibility (%) 81.6 80.44

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 1031 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
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Table 6. Physical properties of the grain of new and prospective maize inbred lines and hybrids
with efficient photosynthetic functions

Linesorhybrids | TKW | T™W | D | FI MR | HEF | SEF
Inbred line
ZPPL 218 3415 84411 129 2328 105 58.1 419
ZPPL 318 316 8117 128 2431 122 623 37.7
Hybrid
ZP 600 4880 7882 127 34.3 12.7 55.8 44.2
ZP 606 4740 7770 126 48.2 113 57.9 59.1
ZP 666 3560 8062 1.8 24.5 10.9 4.7 40.0

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

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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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, Backa, Srem, Macva, 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.

Acknowledgement

This study was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia through the Project TR-
31037.

1. byxoe H.I., Paxumbepoueea M.I., Kapanemsn H.B. O mpupome MeIUICHHBIX MEPEXOIHbBIX
SIBJIECHUII TIEpeMEHHOW U 3aMelJIeHHON duyopecueHUMU JauctbeB // Dusunonorus
pacteHuii. — 1989. — 36. — C. 1045—1054.

2. Becenosckuii B.A., Beceaosa T.B. JIIOMMHECLIEHTHAasl XapaKTepUCTUKa (POTOCHUHTETUUYECKOTO
annapara pacteHuit // JIIOMUHECLeHUMsI DPACTeHWil: TeOpeTMYEeCKHEe W TpakTUYecKue
acrektel. — M.: Hayka, 1990. — 201 c.

3. Barber J., Neumann J. An energy conservation site between H,0 and DBMIB: evidence from
msec delayed light and chlorophyll fluorescence studies in chloroplasts // FEBS Lett. —
1974. — 40. — P. 186—189.

390 ISSN 2308-7099. ®usuoaorus pactenuii u renernka. 2016. T. 48. Ne 5



QUALITY TRAITS OF MAIZE INBRED LINES AND HYBRIDS

4.
5.

6.

20.

21.

22.

23.

24.

25.

26.

Ciocazanu 1., Terbea M., Micut G., Lazar C. Inheritance of physiological parameters implied
in maize drought resistance // Rom. Agr. Res. — 1996. — N 5—6. — P. 57—66.

Duvick D.N. The contribution of breeding to yield advances in maize (Zea mays L.) // Adv.
Agron. — 2005. — 86. — P. 83—145.

Felner M., Ford E.D., van Volkenburgh E. Development of erect leaves in a modern maize
hybrid is associated with reduced responsiveness to auxin and light of young seedlings in
vitro // Plants Signall. and Behaviour. — 2006. — 1, N 4. — P. 201—211.

. Govindjee Van Der Ven M., Preston C., Seibert M., Gratton E. Chlorophyll a fluorescence life-

time distribution in open and closed photosystem II reaction centre preparation: Analysis by
multifrequency phase fluorometry // Biochem. et Biophys. Acta. Bioenergetics. — 1990. —
1015. — P. 173—179.

. Hallauer A.R. Modern Methods in Maize Breeding // Proceedings of the Workshop on Maize

Breeding and Maize Production EUROMAIZE ‘88, October 6—8, 1988, Belgrade,
Yugoslavia. — Belgrade, 1988. — P. 1—20.

. Jurisnic P. Delayed fluorescence: Current concepts and status // Light Emission by Plants and

Bacteria /Ed. Govindjee, Amesz & Fork CD. — Orlando, Fl. (USA): Acad. Press., 1986. —
P. 291—328.

. Ku LX., Zhang J., Guo S.L., Liu H.Y., Zhao R.F., Chen Y.H. Integrated multiple population

analysis of leaf architecture traits in maize // J. Exp. Bot. — 2012. — 63. — P. 261—274.

. Ku L.X., Zhao W.M., Zhang J., Wu L.C., Wang C.L., Wang P.A., Zhang W.Q., Chen Y.H.,

Quantitative trait loci mapping of LA and leaf orientation value in maize // Theor. and Appl.
Genet. — 2010. — 121. — P. 951—959.

. Lichtenthaler H.K., Rinderle U. The role of chlorophyll fluorescence in the detection of stress

conditions in plants // Crit. Revs Anal. Chem. — 1988. — 19. — Suppl. I. — P. 29—85.

. Lu M., Zhou F., Xie C.X., Li M.S., Xu Y.B., Marilyn W., Zhang S.H. Construction of a SSR

linkage map and mapping of quantitative trait loci (QTL) for LA and leaf orientation with an
elite maize hybrid. // Heredita. — 2007. — 29. — P. 1131—1138.

. Markovi¢ D., Jeremi¢ M., Radenovi¢ C., Schara M. Irreversible structural changes in thylakoid

membranes at high temperatures detection by luminescence and EPR // Gen. Physiol.
Biophys. — 1993. — 12. — P. 37—47.

. Mickelson S.M., Stuber C.S., Senior L., Kaeppler S.M. Quantitative trait loci controlling leaf

and tassel traits in a B73x Mo17 population of maize // Crop Sci. — 2002. — 42. — P. 1902—
1909.

. Patrick J., Colyvas K. Crop yield components — photoassimilate supply- or utilisation limi-

ted-organ development? // Funct. Plant Biol. — 2014. — 41, N 9. — P. 893—913.

. Radenovi¢ C. A study of delayed fluorescence in plant models: Photosynthetic transportation

and membrane processes // J. Serbian Chem. Soc. — 1994. — 59. — P. 595—617.

. Radenovi¢ C., Babi¢c M., Deli¢c N., Hojka Z., Stankovi¢ G., Trifunovi¢ V., Ristanovi¢ D.,

Selakovi¢ D. Photosynthetic properties of erect leaf maize inbred lines as the efficient photo-
model in breeding and seed production // Genetika. — 2003. — 35, N 2. — P. 85—97.

. Radenovi¢ C., Grodzinskij D., Filipovi¢c M., Radosavijevi¢ M., Videnovi¢ 7., Deni¢ M., Camdzija Z.

The prestigious maize inbred lines and hybrids with erect top leaves are characterised by a
property of an efficient photosynthetic model and a satisfactory base for the further progress
in breeding and selection // ®@u3uosnorusi ¥ OMOXUMUSL KyJabT. pacTteHuit. — 2010. — 42,
Ne 3. — C. 187—201.

Radenovi¢ C., Ristanovi¢ D., Trifunovié V. The theoretical and the development programme on
the increase of the plant number per area unit for the development of erect leaf maize lines
and for their more effective application in breeding // The internal note, Maize Research
Institute, Zemun Polje, Belgrade. — Belgrade, 1978. — P. 1—3.

Radenovi¢ C., Satari¢ I., Husi¢ 1., Misovic M.M., Filipovi¢c M., Koji¢ L. A study of functioning
of thylakoid membranes in inbred lines of maize (Zea mays L.) // Genetika. — 2000. — 32,
N 3. — P. 377—386.

Russell W.A. Contributions of breeding to maize improvement in United States, 1920s-1980s //
Iowa State J. Res. — 1986. — 61. — P. 5—34.

Song Q., Zhang G., Zhu X.G. Optimal crop canopy architecture to maximise canopy photo-
synthetic CO, uptake under elevate CO, — a theoretical study using a mechanistic model of
canopy photosynthesis // Funct. Plant Biol. — 2012. — 40, N 2. — P. 108—124.

Sprague G.F. Organization of breeding programs // 20th Ann. Illinois Corn Breeding School
(USA). — 1984. — 20. — P. 20.

Tian F., Bradbury P.J., Brown P.J., Hung H., Sun Q., Sherry F.G., Rocheford T.R.,
McMullen M.D., Holland J.B., Buckler E.S. Genome-wide association study of leaf architec-
ture in the maize nested association mapping population // Nature Genetics. — 2011. — 43. —
P. 159—162.

Yu, Y.T., Zhang J.M., Shi Y.S., Song Y.C., Wang T.Y., Li Y. QTL analysis for plant height and
LA by using different populations of maize // J. Maize Sci. — 2006. — 14. — P. 88—92.

ISSN 2308-7099. ®u3uoiorus pactennii u renetnka. 2016. T. 48. Ne 5 391



C.N. RADENOVIC, [D-M. GRODZINSKI], M.R. FILIPOVIC et al.

27. Zhang J., Ku L.X., Han Z.P., Guo S.L., Liu H.J., Zhang Z.Z., Cao L.R., Cui X.J., Chen Y. H.
2014. The ZmCLA4 gene in the qLA4-1 QTL controls leaf angle in maize (Zea mays L.) //
J. Exp. Bot. — 2014. — 65, N 17. — P. 5063—5076.

IMonyyeno 25.03.2016

AKICHI O3HAKM THBPEAHUWX JITHIW KYKYPY]I3U TA iX I'BPUJIIB 3
EQEKTUBHUMU ®OTOCUHTETUYHUMU OYHKUIAMU

Y.H. Padenosuu!?,
I.M. Iasnoe’

V.M. Ipoosuncekuii|?, M.P. @ininosuy’, H.C. Heauu!, 1.3. Cpouu’,

I HaykoBo-goCHigHMii iHCTUTYT KyKypyasu «3eMyH nose», benrpan, Cep6is

2 Benrpancbkuii yHiBepcutet, Cepobis

3 [HCTUTYT KJITMHHOI Giosorii Ta reHeTHYHOi iHkeHepii HanioHanbHoi akameMii Hayk YKpainu,
Kwuis, Ykpaina

HaseneHo pesynbraTu gOCHiIKEeHb, SIKi MiATBEPIKYIOTh HasiBHICTh €(PEeKTUBHOI (POTOCHHTETUYHOT
CHUCTEMM Y HOBMX MEPCHNEKTUBHUX iHOPEAHMX JIiHIA KyKypya3u Ta ix riopuaiB. O3HaKu BUCOKOL
e(eKTUBHOCTI YCHILIHO BUKOPUCTOBYIOTh Y MpPOrpaMax CejeKUil Ta Cy4YaCHUX TEXHOJOTisIX Mpo-
MUCJIOBOIO BUPOOHMITBA KyKYPYA3u. 3 BEPTUKAIbHUM IMOJIOXEHHSIM BEPXHiX JIMCTKIB y iHOpen-
HUX JIiHIH KyKypy[I3U KOPEJIOTh 3HaYEHH S MapaMeTpiB, 1110 XapaKTepU3yIOTb aKTUBHIiCTb (GOTO-
CUHTETMYHOro amapaTy Ta dJuyopecleHlii xjaopodily, a came: iHTEHCHUBHICTb YMOBiLIbHEHOI
dayopecuenuii xaopodiny Ta ii 1MHamiKa, KpuTepiii AppeHiyca 1040 KPUTHUYHMX TEMIEpaTyp
(Temneparypa ($a30BOro nepexojy) Ta €Hepris akTUBallii sIK Mipa KOH(MOpMaUilHUX 3MiH Y XJIO-
poruiacTax Ta iX TUJakoimHuMXx MeMmOpaHax. HaBeaeHi maHi BKasyloThb Ha Te, 1110 FOCIONAapChKO-
LiHHI O3HaKW AOCiIKEeHUX iIHOpPeIHMX JIiHii i TiOpuaiB Hacammepesa BUM3HAYalOTbCS OCOOIMBOC-
TSIMU KOH(pOpMaLiiHUX i QyHKIIOHAIBHUX 3MiH, $IKi BiAOyBalOTbCS y XJIOPOILJIACTaX, 30KpeMa B
TUJIAKOiMHUX MeMOpaHax, a TaKOX MPOrpecoM y ceseKllii Ta HaCiHHULITBI KyKypyaA3u.

KAYECTBEHHBIE TPU3HAKUW MHEBPEIHBIX TMHUM KYKYPY3bl U UX
IT'MBPUAOB C 3®PEKTUBHBIMU ®OTOCUHTETUYECKUMU ®YHKUUAMU

Y.H. Padenosuu!?,
HU.M. Ilaéros!

I.M. Ipoosunckuii |3, M.P. @uaunosuu’, H.C. Jeauu!, U.3. Cpouu’,

! HayuHo-KCCIEn10BaTENbCKUIA MHCTUTYT KyKYpY3bl «3eMyH Mmojie», bearpan, Cepous

2 Bearpanckuit ynusepcurer, Cepboust

3 UHCTUTYT KJIETOYHOM GMOJIOrMM M IeHETMYECKOM MHXeHepuu HauuoHanbHOM akageMHUn HayK
Ykpaunsl, KueB, YkpanHa

[TpuBeaeHbl pe3yabTaThl UCCIEIOBaHUI, KOTOPbIe MOATBEPXKAAIOT Hauuue 3¢hheKTUBHONU (PoTO-
CUHTETUYECKOW CHUCTEMBI y HOBBIX MEPCHNEKTUBHBIX MHOPEAHBIX JUHUI KYKYpy3bl U UX THOpH-
noB. [Ipr3Haku BbICOKON 3(h(PEKTUBHOCTH YCHEUIHO KCIOJb3YIOTCS B MpOrpaMMax CeJeKLUU U
COBPEMEHHBIX TEXHOJIOTHSIX MPOMBILIEHHOTO MPOU3BOACTBA KyKypy3bl. C BepTUKAIbHBIM I0JIO-
JKEHUEM BEPXHMX JIMCTHEB Y MHOPEAHBIX JIMHUN KYKYpY3bl KOPPEJIUPYIOT 3HAUYEHUSI TapaMeTpOB,
XapaKTepHU3YIOIIUX aKTUBHOCTb (DOTOCUHTETUYECKOrO anmnapara u (ayopecUeHLUn XjJopoduiiia,
a UMEHHO: MHTEHCHUBHOCTb 3aMelUIEHHOHN (iyopeclieHUMM xjopoduiia U ee JMHAMKUKA, KpUTe-
puil AppeHryca B OTHOLIEHWM KPUTMYECKUX TeMmepaTyp (Temmnepartypa da3zoBoro nepexona) u
SHEPrusi aKTUBAaLMM KaK Mepa KOH(POPMallMOHHBIX U3MEHEHUI B XJIOpOIIACTaX U MX TUJIAKOW/ -
HbIX MeMmOpaHax. [IpeacTtaBieHHbIe JaHHbIE YKa3bIBAIOT HA TO, YTO XO351ICTBEHHO-LIEHHbIE MPU-
3HAKW MCCJIEJOBAHHbBIX UHOPEAHBIX JUHUI U TMOPUIOB MPEXIE BCEro OMPEIeIIsSIIOTCS OCOOEHHO-
CTAMU KOH(MOPMALIMOHHBIX U (PYHKLIIMOHAIBbHBIX U3MEHEHUI, MPOUCXOSILNX B XJIOpoIulacTax, B
YacTHOCTH, B TUJIAKOMIHBIX MeMOpaHax, a TakXe MPOrpeccoM B CEJeKUMU U CEMEHOBOJICTBE
KYKYypY3bl.

Karouegvie cnoea: Zea mays L., 3amemieHHasi (uyopecuieHuus: xiaopoduina, 3¢hdeKTuBHas
doTocuHTETNYEeCKM-(DIIyOPECLIEHTHAs MOIe/Ib, TUJIAKOMIHAsT MeMOpaHa.
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