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Abstract:

Introduction/purpose: This paper presents the results of several different
research studies. The inbred lines ZPPL 146 and ZPPL 159 and the
maize hybrids ZP 633, ZP 735, and ZP 737 are primarily intended for
human and livestock nutrition. Their selection took about four decades.

Methods: Spectral bands were registered using the method of resonant
Raman spectroscopy of the leaves of inbred maize lines. These spectral
bands indicate the conformational characteristics of not only carotenoid
molecules but also other compounds (phosphate, gluten, and amide Ill) in
the leaf.

Results: A systematic examination of the inbred lines ZPPL 146 and ZPPL
159 and their maize hybrids ZP 633, ZP 735, and ZP 737 was performed
in this paper. It was stated that the new inbred lines of corn, i.e. ZPPL 146
and ZPPL 159, are rich in carotenoids and yellow pigments. These lines
also have significant quantities of other valuable bioactive compounds and
good physical characteristics. The lines have an upright position of the top
leaves and belong to the group of maize lines with significant
characteristics of the photosynthetic model. They are resistant to high
temperatures and are drought tolerant.

Conclusion: This paper presents the relevant properties, characteristics
and parameters of the new studied inbred maize lines that can be used in
selection processes in the future. High-yielding and high-quality maize
hybrids, i.e. ZP 633, ZP 735, and ZP 737, have been created from the
mentioned inbred maize lines. They are recognizable by their qualities.
The hybrid ZP633 is especially noteworthy for human consumption
(children and the elderly). Further, from the agronomic-veterinary point of
view, it is confirmed that the hybrids ZP 735 and ZP 737 are the most
suitable for livestock feeding with the programmed use of corn silage. The
relevant agronomic, morphological and nutritional properties of the maize
hybrids ZP 633, ZP 735, and ZP 737 are also presented in this paper. The
results regarding the grain structure and yield height for grain and silage
for the hybrids ZP 677 and ZP 684, produced in Serbia and the countries
of Southeastern Europe, are also given.

Key words: Delayed chlorophyll fluorescence, Raman spectroscopy of
leaves, photosynthetic model, Zea mays L, inbred lines, hybrids,
thylakoid membrane, pigment properties, nutritive values, good quality
food and feed.

Introduction

The period from 1978 to the present day (2020) has become
historically significant because a tremendous success in maize breeding
and high quality hybrid seed production was achieved. Because of such
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activities, over 1500 grain and silage hybrids have been derived (Duvick,
1984), (Sprague, 1984), (Trifunovi¢, 1986), (Dumanovi¢, 1986),
(Hallauer, 1988) and (Ivanovic¢ et al, 1995).

Modern technical and technological prerequisites were provided for
carrying out the process of breeding, efficient production of hybrid maize
seeds and significant amounts of seeds of commercial and silage hybrids
(Koji¢ & Ivanovic, 1986), (Petrovic et al, 1992), (Peji¢, 1994), (Jovanovic,
1996, 1998), (Bekri¢, 1997, 1999), (Dumanovi¢ & Paji¢, 1998),
(Jovanovi¢ et al, 2000), (Radenovi¢ & Somborac, 2000), (Antov et al,
2004), (Dini¢ & Bordevi¢, 2005).

In the context of the stated dynamics of the development,
interdependent studies of many scientific disciplines (physiology,
biochemistry, biophysics, biotechnology, breeding, photosynthesis,
Raman spectroscopy, infrared spectra of grain, processing technology of
cereals, silage production practices, silage utilisation and food science)
have been linked with the aim of modernising and efficient
implementation of contemporary programmes on maize breeding and
seed production (Radenovi¢, 1994), (Paji¢ et al, 1995), (Radenovi¢ et al,
2004, 2008, 2009), (Radenovi¢ & Somborac, 2000), (Konstantinov et al,
2010). In addition to the outstanding results achieved in the selection of
standard grain and maize silage hybrids, there was a pressing need to
develop new inbred lines and better quality maize hybrids with an
improved chemical composition of the grain, especially in essential
bioactive compounds. Moreover, the intensive work has been carried on
the improvement and development of new methods for the preservation
of plants, especially maize hybrid plants in the form of silage of the whole
plant and grain. Silage is biologically fermented or chemically preserved
feed of a plant origin. Silage maize growing practices differ, to a certain
extent, from the practices used in the commercial maize cultivation.
Namely, it is very important to produce the maximum quantity of silage
per area unit and it is necessary that the produced silage be of high
quality. Therefore, in order to succeed in this, it is necessary to select a
plot with good soil properties, use high quality seed, apply the necessary
amount of mineral fertilisers, perform proper and timely sowing and apply
tested herbicides that have no residual effects and toxic effects on silage
mass. All this has to provide silage that contains approximately 50%
grain, as it is a prime quality part. Furthermore, it is important that the
crop be disease free, so that there are no adverse effects in feeding
ruminants and no negative effects on their health, quality of meat and
milk, and dairy products. Nowadays, silage is the basis of cost-effective
and contemporary animal husbandry and the closest substitute for green
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forage (Bekri¢, 1997, 1999), (Dumanovi¢ & Paji¢, 1998), (Peji¢, 1994),
(Jovanovi¢, 1996, 1998), (Jovanovi¢ et al, 2000), (Antov et al, 2004),
(Dini¢ & Bordevi¢, 2005), (Liu, 2007), (Strati et al, 2012), (Radenovi¢,
2002, 2013), (Bacchetti et al, 2013), (Buxton & Russel, 1988), (Bordevic¢
& Dini¢, 2003), (Grubi¢ et al, 1995), (Kurlich & Juvik, 1999), (Lazarevi¢
et al, 1999), (Luo & Wang, 2012), (Maksimovic et al, 1971, 1997).

To meet many demands, justifiable and increased needs for
functional and quality nutrition of people (mainly children and the elderly)
and livestock (primarily cows and sheep), it was necessary to select new
maize inbred lines with significantly richer pigment-complex properties
and the exceptional nutritional value. This aim was achieved with the
increased content of carotenoids and other bioactive compounds. With
such inbred lines, it was possible to develop high-quality maize hybrids
which would meet requirements of medicine, veterinary medicine and
agronomy and be necessary for healthy food and feed, which was the
objective of the present study.

Materials and methods

Plant material — The genetic and breeding studies of the new maize
inbred lines have been performed for over 40 years. These inbreds,
future parental forms, primarily ZPPL 146 and ZPPL 159, have
increased chemical compositions, whereas the hybrids of high yields and
extra quality derived from these inbreds are used as follows: ZP 633 -
standard in nutrition of children, the elderly and athletes; products: flour,
semolina; ZP 737 - standard in nutrition of fattening chickens up to 1.5-
3kg and laying hens; products: ground maize, coarse meal, flour and
grain silage; and ZP 735 - standards in nutrition of calves, fattening
heifers, dairy cows, sheep, goats and pigs; products: coarse meal,
ground maize, grain silage, ear silage and the whole plant silage. In
recent times, the hybrids ZP 677 and ZP 684 have also been used for
silage. Figure 1 shows the actual appearance of the elite maize inbred
lines with erect top leaves, i.e. ZPPL 146, ZPPL 159, and high-quality
maize hybrids ZP 633, ZP 735, and 737 with their erect top leaves.

The observed maize inbred lines and hybrids have the increased
content of carotenoids and other bioactive compounds. They have been
developed and owned by the Maize Research Institute, Zemun Polje,
Belgrade, Serbia.
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Figure 1 — Actual appearance of the elite maize inbred lines with erect top leaves ZPPL
146 (A) and ZPPL 159 (B) and the high-quality maize hybrids ZP 633 (C), ZP 735 (D) and
ZP 737 (E) with their erect top leaves.

Puc. 1 — BHewHul 8ud 3numHbix UHOPeOHbIX TUHUU KYKYpY3bl C MPSMOCMOSYUMU
gepxHumu nucmpsamu ZPPL 146 (A), ZPPL 159 (B) u ux 8biCOKOKa4eCmeeHHbIX
aubpudos, ZP 633 (C), ZP 735 (D) u ZP 737 (E) ¢ npamMocmosyumMu 8epxHUmMu
nucmbsimMu
Cnuka 1 — CmeapHu u3aned enumHux UHbped-iuHuUja KyKypy3a ca ycrpasHum
ronoxajem epwHux sucmoea: ZPPL 146 (A) u ZPPL 159 (B) u kuxosux 8ucoko-
KkeanumemHux xubpuda kykypysa: ZP 633 (C), ZP 735 (D) u ZP 737 (E) ca ycripagHum
ronoxajem epuwHUX ucmosa

Methods — Overall studies of the stated new inbred lines and
hybrids with erect top leaves developed from these inbreds
encompassed several series of experiments in which new and standard
methods and procedures were applied.

1. Chemical compositions of the new inbred lines and high-quality
maize hybrids

The methods applied to determine the grain chemical composition of
the maize inbred lines and hybrids are generally accepted and
standardised and already described in detail in previous papers
(Radosavljevi¢ et al, 2000), (Bekri¢, 1997), (White & Jonson, 2003),
(AACC, 2013), (Strati et al, 2012), (Radenovi¢ et al, 2010).

2. Resonance Raman spectroscopy method applied to the maize
inbred lines

The measurements of resonance Raman spectroscopy of the maize
inbred line leaves were done in accordance with the procedure and the
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method was described in our previously published papers (Radenovi¢ et
al, 1994, 1998).

3. The measurement of the angle and the leaf area of the maize
inbred lines

This series of experiments was related to studying the erect position
of top leaves in the maize inbred lines. A specially designed protractor
was used to measure the angle between the position of the above-ear
leaf and the position of the plant stalk on the maize inbred lines. The leaf
area was measured by the LI-3000 Portable Leaf Area Meter (LI-COR
Biosciences, USA). The measurements of the angle between the above-
ear leaf and the stalk and the leaf areas were carried out on 122 plants
for each maize inbred line during the three-year period. These
methodical procedures were described in the previously published
papers (Radenovic et al, 2009, 2010).

4. Photosynthetic fluorescence measurements

This series of the experiments was related to photosynthetic-
fluorescence studies, including thermal processes of delayed chlorophyll
fluorescence, critical temperatures (phase transitions), and activation
energies. The test maize inbreds were grown in the experimental field of
the Maize Research Institute, Zemun Polje. The plants were brought from
the experimental field to the laboratory between 7 a.m. and 8 a.m. These
plants sampled in the field were transversally cut in the ground internode.
In the laboratory, the plants were placed in water along the length of one
internode. Prior to the fluorescence experiment, all plants were kept
under the black ball glass for two hours. A segment of intact above ear
leaves was taken from such plants and placed into a chamber of the
phosphoroscope. The intact leaf segments were kept in the chamber (in
the dark) for at least 15 minutes, and then the thermal processes of
delayed chlorophyll fluorescence were measured. These tests were
performed on 111 plants of each maize inbred line. An improved,
noninvasive photosynthetic-fluorescence method was applied for these
measurements. This method was developed at the Maize Research
Institute and was described in the previously published papers
(Radenovic et al, 2002, 2004, 2007, 2008, 2010, 2013).

5. Survey of the breeding and seed production properties of the new
maize inbred lines

Since these maize inbred lines with efficient photosynthesis, rich in
pigments and with exceptional nutritive qualities are promising, a broad
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survey of their relevant breeding and seed production properties, traits
and parameters obtained by standard methods of ranking (Radenovi¢ et
al, 2007, 2008, 2009, 2013) are presented in this article.

6. Functional dependence of the yield of the studied maize grain and
silage hybrids

Numerous and long-term studies on the yields (t ha-1) of the three
high-yielding and high-quality grain and maize silage hybrids (ZP 633, ZP
735, ZP 737) were performed in many locations in Serbia and other
countries of Southeastern Europe. Standard methods for maize
production, tinning and processing were applied in these studies (Peji¢,
1994), (Bekri¢, 1997, 1999), (Jovanovi¢, 1996, 1998), (Jovanovi¢ et al,
2000), (Antov et al, 2004), (Bordevi¢ & Dini¢, 2003), (Dini¢ & Dordevic,
2005), (Videnovic¢ et al, 2011), (Radenovi¢, 2013).

7. Medical, veterinary, agronomic, and nutrition estimation of the
need for human and animal nutrition with products based on maize
hybrids bred for a specific purpose

7.1. Human nutrition with products based on maize hybrids enriched
with pigments and other nutrition ingredients

Empirical efforts to acquire knowledge about the need for maize diet
in human nutrition were initiated a long time ago, perhaps 300-400 years
ago. Much later, in the 1950s, the scientific literature related to this topic
emerged, primarily in medical institutions. However, the authors of this
study became interested in this topic in the early 1990s (Radenovic,
1991).

7.2. Animal nutrition with products based on maize hybrids bred for
silage

It is believed that 1150 years have passed since the first procedures
of preserving green crops (Goffart, 1877) and (Fry, 1885). Modern and
improved technology of preserving crops by ensiling flourished as late as
the early second half of the 20" century (1955-1965) (Cross & Jenny,
1976), (Bekri¢, 1997, 1999), (Peji¢, 1994), (Jovanovi¢, 1998), (Jovanovi¢
et al, 2000), (Bordevi¢ & Dini¢, 2003), (Dini¢ & Dordevi¢, 2005). Modern,
intensive and cost-effective production in cattle husbandry can no longer
be imagined without silage. Furthermore, the advantages of such feed
have been growing in goat and sheep breeding and to a lesser extent in
pig breeding (Peji¢, 1994), (Jovanovi¢, 1996, 1998), (Jovanovi¢ et al,
2000), (Pordevi¢ & Dini¢, 2003), (Dini¢ & Pordevi¢, 2005), (Radenovi¢,
2013). The authors of this paper became interested in this topic at the
beginning of the 21% century (in 2002). At that time, a great number of
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high-quality maize hybrids intended for production of high-quality silage
were developed with the aim to regulate metabolic processes in domestic
animals thus improving their growth and quality of meat and milk
(Radenovic, 2002).

Results and discussion

1. Chemical composition and physical traits of grain of maize inbred
lines and high-quality maize hybrids

The results of the studies of the chemical composition and physical
traits of the grains of the observed maize inbred lines and hybrids are
presented in Table 1. The obtained results relate to important chemical
and physical constituents.

Table 1 — Results obtained in the analyses of the chemical composition and physical
traits of the grain of maize inbred lines and hybrids (Zea mays L.) (three-year average,
trial field of the Maize Research Institute, Zemun Polje, Belgrade, Serbia)
Tabnuya 1 — Pe3ynbmambl aHanu3a XuMu4ecKo2o cocmasa U (hu3uy4ecKux
Xapakmepucmuk 3epHa 31UMmHbIX UH6peOHbIX UHUU u 2ubpudos KyKypy3bl (Zea mays
L.) (6 cpedHem 3a 3 200a, onbimHoe rone MIHcmumyma KyKypy3bl «3emyH [oney, 2.
benepad, Cepbus)

Tabena 1 — Pe3ynmamu rnpoce4yHo mpo2o0ullbux aHaau3a XxeMujckoe cacmasa u
uU3UYKUX Kapakmepucmuka 3pHa uHbped-nuHuja u xubpuda Kykypy3a (Zea mays L.)
(oenedHo norbe MHcmumyma 3a Kykypy3, 3emyH lNorwe, beozpad, Cpbuja)

IAverage data of the observed grain for storage in

Chemical composition Published data* silos of the elite maize (Zea mays L.) inbred lines
and physical traits land hybrids

of the maize (Zea mays ) N A Inbred lines Hybrids

0 ange  (\e189®  7pp 146 [ZPPL 159 [ZP 633 |ZP 735 [ZP 737
Moisture (%, wet basis®) [7-23 16.0 10.24 10.12 9.90 9.84 10.15
Starch (%) 61-78 71.7 67.80 66.26 68.23 64.39 67.86
Protein (%) 6-12 9.5 10.22 12.57 11.11 12.27 11.57
Fat (oil) (%) 1057 4.3 753 5.38 611 582 [7.16
Ash (%) 1.1-3.9 1.4 1.48 1.45 1.51 1.54 1.47
Cellulose (%) - 3.0 2.26 2.33 2.37 2.43 2.00
Pentosans (as xylose), % [5.8-6.6 6.2 - - - - -
Fibres, % 8.3-11.9 9.5 — - - — -

Cellulose + lignin, % 3.3-4.3 3.3 - - - - —

Sugars, total (as glucose),

% 1.0-3.0 2.6 - - - - -
Yellow pigment,

(ug BCE/g d.m.)** - - 19.00 18.10 27.30 21.90 21.60
Total carotenoids (mg/kg) [12-36 26.0 33.20 31.80 32.40 28.30 27.80

1000-kernel weight (g)  [217-438  |343.70 277.45 283.03 333.82 [295.81 [296.95
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}Average data of the observed grain for storage in
s

Chemicall composition Published data* ilos of the elite maize (Zea mays L.) inbred lines
and physical traits land hybrids
of the maize (Zea mays L.) Inbred lines Hybrids
grain Range IAverage

ZPPL 146 [ZPPL 159 |ZP 633 [ZP 735 [ZP 737
Test weight (kg/m®) 693-843  [791.00 829.84 844.96 809.03 [808.27 [817.07
Density (g/cm®) 1.21-1.38 [1.26 1.27 1.29 1.27 1.28 1.28
Flotation index (%) 0-68 27.10 10.56 10.68 25.12 13.36 [7.91
Grinding resistance (%) [7.0-25.8  [15.90 8.77 14.33 15.80 13.27 11.07

Hard endosperm fractions

(%) 54.3-71.3 569.20 11.00 10.67 9.67 11.33 9.67

Soft endosperm fractions

(%) 45.7-28,7 140.80 23.33 18.66 23.33 21.67 23.33

Water absorption index  [0.180-

0.284 0.245 0.245 0.237 0.215 0.237 0.227

* Source: P.J. White & L.A. Jonson (White & Jonson,, 2003).
**Done by the AACC Methods 14-50.01 (AACC, 2013).

2. Conformational changes in carotenoid molecules in the leaf of
mxe maize inbred lines

The Raman spectra are very suitable for studying photosynthetic
pigments in terms of conformational changes of carotenoid molecules.
The authors of the present study have been dealing with this topic for a
long period of time (Radenovic et al 1994, 1995, 1998).

However, this study will highlight some conformational changes in
molecules of carotenoids in the leaf of the observed maize inbred lines.
Thus, the following six characteristic resonance Raman spectral bands
were established within the 900 cm™-1800 cm™ interval of Raman
frequencies: 962, 1026, 1160, 1187, 1206, and 1520 cm™, Figure 2.
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Figure 2 — Resonance Raman spectrum of the leaf of the maize inbred lines ZPPL 146
and ZPPL 159
Puc. 2 — Pe3oHaHCHasi pamaHo8CKasi CrieKmpOoCKOMnus iucma UHbpedHou nuHuu
KyKypy3bl ZPPL 146 u ZPPL 159.
Cniuka 2 — Pe3oHaHmHu PamaHoe criekmap nucma uHbped-nuHuja ZPPL 146
uZPPL 159

Four spectral bands with lower intensities (lgzs, 11026, 11187, 11206) Were
caused by conformational changes of phosphates, glycogens, and
amides lll. The remaining two spectral bands with significantly higher
intensities (l1160, l1s20) have been regularly analysed in relation to the
conformational changes in the carotenoid molecule. It is common to
analyse the differences in the intensities of spectral bands (1520 and l11e0)
and even more often the differences in their ratio (lisz0/l1160). The
resonance Raman spectrum of the leaf of the observed inbred lines with
dominant spectral bands (l1s20 and ly1g0) is presented. This spectrum
conditions the carotenoid molecules placed in the non-polar phase of the
thylakoid membrane of the leaf of the inbred lines. In this paper, the effort
was made to emphasize the application of resonance Raman
spectroscopy in studying important vital functions of leaves of maize
inbred lines, especially under agroecological conditions atypical for the
maize growing region. Carotenoid molecules (3 caroten, CyoHsg, With the
activity of vitamin A, but also two xanthophylls: cryptoxanthin C,Hss0
and zeaxanthin C4oHs60,), since localised in the non-polar phase of the
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thylakoid membrane of maize inbred leaves, showed to be a very
suitable natural probe, capable of contributing to registering not only
higher and more significant, but also smaller and finer conformational
changes. These changes in the molecular structure of carotenoids may
be expressed in the form of bending, stretching, compressing, and
physical disruption of chemical bonds, which is caused by intensive
actions of environmental factors, unfavourable critical temperatures in the
first place. In the end, each conformational change in the carotenoid
molecule unconditionally changes the function not only of the carotenoid
molecule but also of the thylakoid membrane in leaves of maize inbred
lines. Conformational changes in chemical bonds — C = C — are reflected
in the spectral band at 1520cm™. In addition, conformational changes in
chemical bonds = C — C = are reflected in the spectral band at 1160cm’
(Karnauhov, 1988).

3. The measure of the angle and the area of the above-ear leaf of
maize inbred lines

The results of the measurements of the angles between the above-
ear leaf and the stalk are presented in Table 2 as well as the average
leaf areas. Based on the obtained angle measurement results, it can be
stated that the observed maize inbred lines belong to the group of
contemporary inbred lines with erect top leaves and the status of the
photosynthetic model.

Table 2 — Angle between the above-ear leaf and the stalk and the leaf area of maize
inbred lines with efficient photosynthesis
Tabnuya 2 — Yzon HakroHa nepgozo siucma Had rnovyamkoM U nog8epxHoCmu /Iucmbes
HOBbIX UH6PEeOHbIX JTUHUU KYKYpPYy3bl C 3¢hgheKmMU8HbIM ¢hOMOCUHME3OM
Tabena 2 — Benu4uHa yana npegoe nucma usHad Knumna u JIuCHe rnospuiuHe Ho8UX
UHbpeOd-nuHuja KyKypy3a ca ecpukacHOM ghomoCcUHMe30M

Angle of the | Leaf area of the

Maize FAO L . above-ear above-ear leaf
inbred maturity Ili-lneégrotlc origin of the inbred leaf, (°) ( sz)
line roup — —

9 X [0 X (o)
ZPPL BSSS, USA R
146 650-700 Zemun Polje 20.8 1.2 | 3762.7 | 238
ZPPL Landrace from Argentina
159 550-600 (S13) crossed to the in-bred | 21.3° | 1.2 | 2378.1 | 241

PE 25-10-1, Zemun Polje

"The observed maize inbred lines represent good heterotic pairs which have good
combining abilities for grain yield and silage as well as good propagation and high yield.
These inbreds are rich in pigments and have extraordinary nutritive qualities.
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4. Empirical procedure for photosynthetic and fluorescence
studies on the above-ear leaf of maize inbred lines bred for the
production of healthy food

The thermal processes of delayed chlorophyll fluorescence of the
observed maize inbred lines intentionally selected for developing maize
hybrids to be used in the production of various feed and food products
were studied in detail.

The thermal curve is a curve that shows the changes in the delayed
chlorophyll fluorescence level intensity depending on temperature. The
trend of its establishment is most often analogous to changes in the
duration in seconds for the segments designated with a, b, c, d, e, f, and
g, Figure 3, which was determined by the empirical procedure
(Radenovic et al, 2008, 2009, 2010).

Monitoring the course of the thermal curve and the analysis of the
duration of certain segments provided data on the existence of a greater
number of critical temperatures (phase transition temperatures) at which
greater or smaller structural and functional changes occurred in the
thylakoid membrane of the observed maize inbred lines.

In accordance with such information, it is possible to draw a
conclusion on their different responses to the phenomena of resistance,
drought and high temperature as well as on the phenomenon of their
adaptation.

5. The exact temperature dependence of the delayed chlorophyll
fluorescence intensity for the thylakoid membrane of new maize inbred
lines bred for the production of healthy food

The changes in the intensity of the stationary level of delayed
chlorophyll fluorescence (lpg) depending on temperature which ranges
from 25 °C to 60 °C were measured. The dynamics of the changes of the
temperature dependence for the observed maize inbred lines is
presented in Figures 4a and 4b.
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Figure 3 — Schematic presentation of the empirical procedure of typical changes of
delayed chlorophyll fluorescence intensities (Ipr) on the intact above-ear leaf of the
observed maize inbred lines with significant breeding properties (solid line) and changes
of temperatures (dashed line): the curve A indicates induction processes of delayed
chlorophyll fluorescence, while the curve B encompasses photosynthetic fluorescence
thermal processes of delayed chlorophyll fluorescence. Typical temporal segments (a, b,
¢, d, e, f, and g) on the thermal curve B correspond to the dynamics of Ipr changes at the
time of delayed chlorophyll fluorescence formation. Conformational and functional
changes in the thylakoid membrane of the observed maize inbred lines with erect top
leaves occur at the interception points of typical temporal segments.

Puc. 3 — Cxemamuyeckoe uzobpakeHue munuyHbIX USMeHeHUl UHmeHcugHocmu
3amedrieHHOU hryopecyeHyuU xmopoghusiiia Ha UHMaKmHbIX IUCMbSX HabrodaeMbix
UHBPeOHbIX NUHUU KyKypy3bl (CriiowHas IUHUS) U USMEHEHUSIMU meMiepamypb!
(nyHKmMupHasi uHUs1): Kpusasi A 0603Havyaem UHOYKUUOHHbIE MPoUecChl 3amMedieHHOU
¢nyopecueHyuu xrnopogurna, a kpusas B — mennosbie npoyeccol 3amedneHHoU
nyopecueHyuu xnopogurnna. TunuyHblie 8peMeHHble ceeameHmel (a, b, ¢, d, e, fu g) Ha
mennosol Kpusol B coomeemcmayrom OuHaMuke usmeHeHul Ipr 80 epems
obpa3sosaHusi 3amedneHHol hryopecueHyuu xmopogunna. KoHgpopmalyuoHHbIe U
pyHKUUOHarbHbIe U3MEHeHUs1 munakoudHol membpaHbl Habrodaembix UH6PeOHbIX
NUHUU KYKYpYy3bl C MPSAMOCMOSIYUMU 8EPXHUMU JTUCMbSMU NPOUCX005im 8 moykax
repeceyeHuUss MUNUYHbIX 8PEMEHHbIX Ce2MeHMOos.

Cnuka 3 — Cxemamcku rnpuka3 murnu4yHUX rnpoMeHa UHmeH3umema sakacHersie
ryopecueHyuje xnopoguna Ha UHMakmMHOM fiucmy rpoyvyasaHux uHbped-nuHuja
KyKypy3a (nmyHa nuHuja) u npomeHe memrepamype (ucripekudaHa fuHuja): kpusa A
o3Hayvasa UHOYKUUOHe ripoyece Oena Kpuse 3akacHere ¢hriyopocueHuyuje xiopogpuna, a
Kkpusa B obyxeama mepmariHe nipoyece Oefia Kpuse 3akacHerne gryopecyeHyuje
xnopogpuna. Tunu4dHu epeMeHcKu ceameHmu (a, b, ¢, d, e, f, u g) Ha mepmarnHoj kpusoj B
odzoeapajy OuHamuyu ripomeHa Ipr 3a speme chopmuparba 3akacHersie ryopocyeHuyuje
xnopogpuna. [Jo KOHGhopMayUOHUX U (byHKUUOHATHUX MPOMeHa y munakoudHoj
mMeMbpaHu rnpoy4yasaHux UHbped-nuHuUja KyKypy3a ca ycripagHuUM rosioxajem epuiHux
siucmosa donasu y madykama uHmepuenyuje munuqyHuUx 8peMeHCKUX ceameHama.
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Puc. 4 — UsameHeHue uHmeHcusHocmu 3amedneHHoU ¢hriyopecueHyuu xnopogpusina (Ipr)
menosbix Npoueccos8 8 3agucuMocmu om memrepamypbl 8 munakoudHoU MmembpaHe u
Xfiopornnacmax UHMakmHo20 epeoeo siucma Had HO8bIMU roYamkamu UHOPeOHbIX
NUHUU KyKypy3bl ZPPL 146 (a) u ZPPL 159 (6), o6pabomaHHbix 8030yWHOU CywKoU

[;5, relativne jedinice

75

Ipp. relative units

Figure 4 — Changes in the intensity of the delayed chlorophyll fluorescence (Ipg) of the
thermal processes depending on temperature in the thylakoid membrane and
chloroplasts of the intact above-ear leaf of the new air dried maize inbred lines ZPPL 146

Cnuka 4 — lNpomeHe uHmMeH3umema 3akacHese gnyopecueHyuje xnopoguna (Ipr)
mepmasiHux fpoueca y 3agucHocmu 00 memrepamype y munakoudHoj MembpaHu u
XJioporacmuma UHmMakmHoe rnpseoe fiucma usHad Kruna Hosux UHbped-nuHuja KyKypysa
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(a) and ZPPL 159 (b).

ZPPL 146 (a) u ZPPL 159 (b) mpemupaHux 8a30ywHUM CyueHem
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5.1. The Arrhenius plot for the determination of critical
temperatures and conformational changes in chloroplasts and thylakoid
membranes of the new maize inbred lines bred for the production of
healthy food

The Arrhenius plot is based on the linearisation of the delayed
chlorophyll fluorescence exact temperature dependence of the observed
maize inbreds. Critical temperatures (phase transition temperatures) at
which conformational changes occur in chloroplasts and the thylakoid
membrane are determined by the application of the Arrhenius plot.
Figures 5a and 5b present the results of the Arrhenius plot application to
the observed maize inbred lines.

Such dependence (Figures 5a and 5b) is known as the Arrhenius
plot for the determination of critical temperatures that cause
conformational and functional changes, of chemical nature, in
chloroplasts and the thylakoid membrane. Using the Arrhenius plot and
linearisation of the exact temperature dependence of DF chlorophyll, all
critical temperatures (phase transition temperatures) at which even the
smallest conformational change occurred in the thylakoid membrane of
the new air dried maize inbred lines were determined.

The values of critical temperatures in °C, their frequency and inter-
distance characterise the observed new inbred lines with erect top leaves
in relation to their tolerance, resistance and adaptability to increased and
high temperatures as well as to drought (Radenovi¢ et al, 2013). The
Arrhenius plot is based on the existence of straight lines. Each
Arrhenius's straight line represents activation energy (Ea). The intercept
of two straight lines is denoted by the critical temperature.

The results of Ea values in the ascending and descending parts of
the thermal curve are explained by the fact that with the temperature
increase, smaller or larger conformational and functional changes occur
in pigment molecules (chlorophyll, carotenoids) in the thylakoid
membrane and chloroplasts. Due to the changes, these molecules
became more reactive thus acquiring additional energy which was used
in the recombination process of DF chlorophyll formation (Radenovi¢ et
al, 2013).
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Figure 5 — The change of the logarithm of the delayed chlorophyll fluorescence intensity

(In Ipe) of the thermal processes as a function of the reciprocal temperature value in the

thylakoid

Puc. 5 -

membrane and chloroplasts of the intact above-ear leaf of the observed air
dried maize inbred lines ZPPL 146 (a) and ZPPL 159 (b).
U3smeHeHue noeapughma uHmeHcusHocmu 3amedrneHHoU ¢hriyopecueHyuu

xnopocgpunna (L, |5) mennossix npouyeccos 8 3agucumMocmu om o6pamHo20 3Ha4YeHUst
mewmriepamypbl 8 munakouoHoU MembpaHe U X/oporacmax UHMaKkmHo20 repeozo
nucma Had noYamkamu HabnodaeMbix UHOPEOHbIX TUHUU KyKypy3bl ZPPL 146 (a) u

ZPPL 159 (6), o6pabomaHHbIx 8030yWHOU cywKol

Cnuka 5 — [NpomeHe nozapumma UHMeH3UMema 3akacHesne ¢hriyopecueHuyuje
xnopocgpuna (L, I} mepmanHux npoueca y 3agucHocmu 00 peyunpoyHe apedHocmu
memnepamype y munakoudHoj MembpaHu U XsioporiacmumMa UHMakmHoe rpeoe nucma
u3Had Knuna rnpoy4asaHux uHbped-nuHuja Kykypysa ZPPL 146 (a) u ZPPL 159 (b) koje

cy mpemupare 8a30yuwHUM CyWeHem

129

Radenovié, C. et al, High-yielding and chemica.., ...

v oo maons o wupes JUAlIty feed and food pp.114-147

He s iy as o



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

5.2. Activation energy and critical temperatures in the thylakoid
membrane of the observed maize inbred lines bred for the production of
healthy food

Detailed studies of the thermal processes of delayed chlorophyll
fluorescence, and especially the analysis of the experimental thermal
curve, encompassed not only the temperature dependence and the
Arrhenius plot, but also the estimation of the values of activation energies
(Ea) for the critical temperatures (phase transition temperatures) in
chloroplasts and the thylakoid membranes of the observed maize inbreds
bred for the production of healthy food, i.e. ZPPL 146 (a) and ZPPL 159
(b). The obtained results are shown in Table 3.

Table 3 — Changes in activation energies (Ea) and critical temperatures (t °C) during the
thermal processes in chloroplasts and the thylakoid membrane of the intact above-ear
leaf of air dried maize inbred lines
Tabnuya 3 — NsmeHeHue aHepaul akmusayuu (Ez) u kpumudeckux memnepamyp (t° C)
rpu MennnoskIx npoyeccax 8 xsoporaacmax u musakoudHol MmembpaHe UHMaKMHo20
nucma Had noYamkom UH6pPeOHbIX nuHuUl, obpabomaHHbIX 8030yWHOU CywkKoU
Tabena 3 — lNpomeHa eHepauja akmusauuje (Ez) u kpumuyHux memnepamypa (t°C) 3a
8peme mepMarsiHux rnpoyeca y xsaoporsiacmuma u munakoudHoj MembpaHu UHMaxkmHoe
npsoe nucma u3Hal knuna uHbped-nuHuja KyKypy3a mpemupaHo2 8a30yuHUM

cywerbem
ZPPL 146 ZPPL 159

Ea, kdJ/mol t°C Ea, kJ/mol t°C
/ 335 / 25
54.5 40.0 32.0 30
105.0 44.0 100.3 38
174.0 46.0 176.7 42
41.0 47.0 259.9 47
128.5 49.0 / 50
326.0 /

6. Brief survey of the breeding and seed production traits of the new
maize inbred lines with efficient photosynthesis

The observed new maize inbred lines ZPPL 146 and ZPPL 159 are
very promising in the process of maize breeding. For these reasons,
some relevant observations of their selected traits, performances, and
parameters are presented in Table 4.
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Table 4 — Relevant breeding and seed production traits of the new maize inbred lines with
photosynthetic efficiency
Tabnuya 4 — PenesaHmHble CeneKUUOHHbIE U CEMEH0800YECKUE MPU3HaKU HOBbIX
UHOPEOHbIX UHUL KyKYpY3bl C 3¢bgheKmueHbIM ¢hOmoCcUHMe30M

Tabena 4 — PenegaHmHa cerniekyuoHa U ceMeHapcKa ceojcmea Ho8UX UHbped-nuHuja

KyKypy3a ca e¢hukacHoM ¢homocuHmMe3om

Brief description of the breeding and seed

nOL:?rire]?;I Name and definition of a trait | production traits of the maize inbred lines
ZPPL 146 ZPPL 159
1. Heterotic origin BSSS, USA, Zemun | Landrace from
Polje Argentina (S13),
crossed to the
inbred PE 25-10-1,
Zemun Polje
2. FAO maturity group 650-700 550-600
3. Grain yield ha™ in kg at 14%
moisture 3500 2000
a) dry land farming 5000 3000
b) irrigation
4, Number of plants ha” at
harvest 50000 50000
a) dry land farming 60000 60000
b) irrigation
5. Stalk properties Stalk is moderately Stalk is short. Tassel
high with a prolific has closed side
trait. Tassel has an branches that shed
elongated central for a long time
branch with fewer
side branches
6. Stalk resistance to lodging Inbred is resistant to | Inbred is resistant to
lodging lodging
7. Erect position of above ear first leaf < 20.8° first leaf < 21.3°

leaves

second leaf < 17.9°
third leaf < 15.3°

second leaf < 18.1°
third leaf < 15.4°
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Brief description of the breeding and seed

nOJ?rigfelxl Name and definition of a trait | production traits of the maize inbred lines
ZPPL 146 ZPPL 159
8. Stay green Leaf remained Leaf remained
green until harvest moderately green
until harvest
9. Tolerance of the inbred to Inbred is tolerant to Inbred is tolerant to
stress factors (drought and drought and high drought and high
high temperatures, etc.) temperatures temperatures
10. Kernel traits and cob colour Semi-dent type, Semi-flint, orange
orange kernels, kernels, red cob
white cob
11. % grain moisture at harvest 20-25 20-25
12. Dry down rate in the stage of Dry down rate is not | Dry down rate is not
grain maturing fast, but hybrids are | fast, but hybrids are
suited for silage suited for silage
13. Harvest of inbreds Harvest is easy Harvest is easy
14. Emergence of inbreds Inbred emerges well | Inbred emerges well
15. Early growth of inbreds Early growth is Early growth is
moderate moderate
16. Suitability of the hybrid grain Grain of the hybrid Grain of the hybrid
for nutrition of ruminants and developed from this | developed from this
nonruminants inbred is suitable for | inbred is suitable for
nutrition of nutrition of
ruminants, ruminants,
nonruminants, nonruminants,
human nutrition and | human nutrition and
for industrial for industrial
processing processing
17. Carotene content in the inbred | 33.2 (mg/kg) a) 31.8 (mg/kg)
grain
18. Suitability of the inbred for the | Inbred is very Inbred is very
development of silage hybrids | suitable for suitable for
developing silage developing silage
hybrids hybrids
19. Digestibility of hybrids Hybrids developed Hybrids developed
from this inbred from this inbred
have good have good

digestibility of the
whole plant and of
the grain

digestibility of the
whole plant and of
the grain
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6. Functional dependence of the yield of the observed grain and
maize silage hybrids

The high-yielding and high-quality maize hybrids ZP 735, ZP 737,
ZP 677, and ZP 684 are mainly intended for grain and silage production
of grain, ear and the whole plant, under the agroecological conditions of
Southeastern Europe. According to our studies and good agricultural
practice, the hybrid ZP 633 is very suitable for human diet (Radenovi¢,
1991). However, the hybrids ZP 735, ZP 737, ZP 677, and ZP 684 are
significantly better for nutrition of domestic animals through high-quality
grain silage and even more often the whole plant silage. The important
agronomic and morphological traits of these hybrids are presented in
Tables 5 - 9.

Table 5 — Agronomic traits of the observed maize hybrids

Tabnuya 5 — AepoHoMuYecKue xapakmepucmuKu ucrbimyembix 2ubpudos KyKypy3bl
Tabena 5 — AepoHoMcKe Kapakmepucmuke ucrnumueaHux xubpuda KyKypy3a

Agronomic traits Hybrid

ZP 633 ZP 735 ZP 737
Hybrid type SC SC SC
FAQO maturity group 550-650 750-850 750-850
Plant height (cm) 250 280 290
Ear height (cm) 120 130 135
1000-kernel weight (g) 380 370 370
Kernel type semi-dent dent dent
Sowing density of silage 60-70 70-75 70-75

hybrid (x10° plants ha™)

Leaf position on the plant

semi-erect to erect

semi-erect to
erect

semi-erect to
erect

Tolerance to drought good good good
Tolerance to diseases good good good

Leaf appearance at harvest stay green stay green stay green
Hybrid growing regions 300-400 250-400 250-400
(altitude, m)

Hybrid biomass yield (tha™) | 60-65 75-80 75-80
Hybrid grain yield (t ha™) 7.819* 8.108** 12.732**

:*Hybrid yield achieved in 30 locations in Serbia in the 2008-2011 period
Hybrid yield achieved in 6 locations in Greece in the 2006-2009 period
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Table 6 — Ear morphological traits of the observed maize hybrids with a grain structure
Tabnuya 6 — Mopchonozauyeckue xapakmepucmuKu UCMbIMyeMbIX noYamka u
CmMpyKmypbl CMpOoeHUsi 3epHa 2ubpudos KyKypy3bl
Tabena 6 — Mopgboriowke Kapakmepucmuke Knuna ucrnumueaHux xubpuda Kykypysa ca
CMpyKmypom 3pHa

Hybrid
Traits

ZP 633 ZP 735 ZP 737
Grain moisture (%) 18 19 20
Ear length (cm) 22 25 25
Ear weight (g) 252.3 286.4 226.7
Rows per ear 16 18 18
Kernel row number 700 800 850
Kernel weight on ear (g) 228.4 248.4 200.4
% kernel pericarp on ear 5.3 6.5 4.6
% kernel embryo on ear 1.3 121 10.7
% kernel endosperm on ear | 83.4 81.4 84.7

Table 7 — Whole plant silage yield depending on the maize hybrid sowing density
Tabnuua 7 — Bbixod yesibHO3epHOB8020 cusioca 8 3a8UCUMOCMU Om JI0MHOCMU rocesa
eaubpuda KyKypy3bl
Tabena 7 — lNpuHocu cunaxe yene burbke y 3agUcHOCMU 00 gycmuHe yceea
ucriumueaHux xubpuda KyKypy3a

Sowing density (000/ha) .
55 60 65 70 Grain
Hvbrid mmsture in
y Whole Whole Whole plant Whole silage period
plant silage | plant silage | silage yield plant silage | (%)
yield (t'ha) | yield (t/ha) | (t/ha) yield (t/ha)
ZP 677 | 66.60 71.80 76.20 78.60 28.5
ZP 684 | 56.10 61.80 66.09 72.40 29.3
ZP 735 | 62.42 67.62 72.82 77.28 31.4
ZP 737 | 64.50 69.50 74.70 78.90 32.1

The results of the silage yields of the whole plant as a function of the
sowing density of the observed maize hybrids (Table 7) should be taken
conditionally. They indicate a possible trend of silage yield increase of the
whole plant depending on the crop densities. It should be noted that the
silage vyield of the whole plant depended, to a large extent, on the type of
soil, supply of nutrients, crop protection products, water and other measures
within contemporary crop growing practices (Jovanovi¢, 1996, 1998),
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(Jovanovi¢ et al, 2000), (Antob et al, 2004), (Dini¢ & Bordevi¢, 2005),
(Radenovi¢, 2013), (Bordevi¢ & Dini¢, 2003).

Table 8 — Yield of fresh matter, dry matter and digestible dry matter of the observed
maize hybrids sown at the common sowing density under arid conditions
Tabnuya 8 — Bbixo0d 3erieHoU Macchl, Cyx020 U 11e2K0ycebloSIEMO20 8euecmesa U3
ucrbimyembix 2ubpudos KyKypy3bl, 3aCesiHHbIX Mpu 06bI4HOU 2ycmome rocesa 8
ycrosusix 3acyxu
Tabena 8 — lNpuHoc 3eneHe mace burbaka, cyse Mamepuje U ceaprbuse cyse Mamepuje
3a rpoy4asaHe xubpude KyKypy3a Ha yobudajeHoj 2ycmuHu burbaka y apudHum

ycriogsuma
Dry matter yield
Fresh Plant N
Hybrid matter yield | Wholeplant | (a0 i eqr [ EAr | Digestible dry
(tha™) yield yield yield matteir yield
-ha! -ha’ -ha
(tha™) (tha™) (tha™) | (tha™)
ZP 677 76,2 29,7 11,8 17,9 19,9
ZP 684 66,0 29,0 11,1 17,9 19,1
ZP 735 64,2 23,7 10,8 12,9 12,2
ZP 737 66,1 25,1 13,8 11,3 15,9

Table 9 — Content of dry matter, lignocellulosic fibres and dry matter digestibility of the
observed maize hybrids
Tabnuya 9 — CodepxxaHue cyxo20 seuwjecmea, JIU2HOUE IH0I103HbIX 80STOKOH U
yceosieMocmb Cyx020 geujecmeaa UcrblmyemMblx 2ubpudos KyKypy3bl *
Tabena 9 — Calpxaj cyse mamepuje u fueHoOUes1yrno3HUX erakaHa u ceapsbusocm cyse
Mamepuje npoy4asaHux xubpuda KyKypy3a

Whole plant | Content of lignocellulosic fibres (%) Dry matter
Hybrid dry matter . . . | Hemice | Cellulos | digestibility
content (%) | NDF™ | ADF® | ADL™ |\ loce* | e* (%)
ZP 677 | 38.96 41.09 | 19.51 | 1.68 21.58 17.83 68.29
ZP 684 | 44.02 39.46 | 18.40 | 1.50 21.06 16.90 65.85
ZP 735 | 35.58 60.10 | 32.07 | 3.06 28.03 29.01 51.30
ZP 737 | 38.00 42.90 | 22.01 | 3.54 18.58 18.58 63.51

*Source of data, abbreviations and explanations: The analyses of contents of NDF, ADF
and ADL were performed according to the method of Van Soest P. J. (Van Soest, 1963);
dry matter content was established according to the Rulebook on Sampling Methods and
Methods of Physical, Chemical and Microbiological Analyses of Animal Feed (Sluzbeni
list SFRJ, 15/87) and dry matter digestibility was obtained by the INRA method, whereas
the content of hemicellulose and cellulose was computed (Hemicellulose = NDF — ADF,
and Cellulose = ADF - ADL). NDF — neutral detergent fibres; ADF — acid detergent fibres;
ADL - acid detergent lignin (72% sulphuric acid)

135

Radenovié, C. et al, High-yielding and chemically enriched maize hybrids bred in Serbia — the best basis for super quality feed and food pp.114-147




’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

According to the data presented in Tables 5-9, it is noticeable that
the observed hybrids belong to long-season hybrids with a modern
architecture, leaves that remain green and are rich in lignocellulosic
fibres. Moreover, these hybrids have more than 50% of grain dry matter
in dry matter of the whole plant, which is very important for silage quality.
In addition, the embryo content in grain amounts to above 10%, which is
especially important for the quality of nutritive values of hybrids in
nutrition of people (especially children and the elderly) (Radenovi¢, 1991)
but also in nutrition of livestock (particularly cows and sheep, chicks and
laying hens) (Jovanovi¢, 1996, 1998), (Jovanovic¢ et al, 2000). The results
on silage yields of grain, ear and the whole plant and grain moisture in
the silage period are important for dry matter yield, digestible matter yield
and the content of dry matter and lignocellulosic fibres (Tables 7-9).

After 1950, from the initial procedures of plant ensiling, the
technology of fodder tinning by ensiling flourished only in the period from
1955 to 1965. Modern, intensive and economical production in cattle
breeding can no longer be imagined without ensiled fodder. Moreover,
the importance of such feed has been increasing in sheep and goat
breeding, and to a lesser extent in pig breeding (Peji¢, 1994), (Jovanovi¢,
1996, 1998), (Jovanovi¢ et al, 2000), (Dini¢ & Dordevi¢, 2005),
(Radenovi¢ et al, 2013), (Pordevi¢ & Dini¢, 2003). The authors of this
study became interested in this topic in the beginning of 2002. Since
then, a large number of quality maize hybrids have been developed for
the production of high-quality silage in order to regulate the metabolic
processes of domestic animals and thus improve their gain in weight and
the quality of meat and milk (Radenovi¢ et al, 2002), (Radenovi¢, 2002).

It is well known that maize is one of the most suitable field crops for
the production of silage for ruminants. This is important for several
reasons. First, very high yields of green mass are recorded in maize. It is
also important that more than 50% of grain dry matter participate in the
dry matter of the whole plant, which is an excellent prerequisite for the
production of high quality silage. Ruminants need lignocellulosic fibres for
the activity of the rumen microflora and these fibres are mainly found in
maize stalks, leaves, husk, and cobs (lignocellulosic parts of the plant)
(Table 9). On the other hand, starch, proteins and oils are predominantly
found in the maize grain (Table 1). With the addition of some other
micronutrients, maize silage prepared in this way presents a modern way
of ruminants feeding. It is particularly important that such a way of animal
feeding is very economical, because the process of silage preparation is
completely mechanised, while the way of storing and its taking during the
use is also simple.
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According to the previous studies (Jovanovi¢, 1996, 1998),
(Jovanovic¢ et al, 2000), the observed hybrids (ZP 677, ZP 684, ZP 735
and ZP 737) have significantly better digestibility than some short-season
hybrids, and therefore they belong to the group of the highest quality
silage hybrids. It is this fact that indicates the higher nutritional value of
these hybrids, which directly affects the productive performances of
ruminants. Based on our studies (Radenovi¢, 2002, 2013), the hybrids
ZP 677, ZP 684, ZP 735, and ZP 737 had satisfactory yields of green
mass silage under the conditions of Leskovac with the application of
standard cropping practices and without irrigation. According to the
obtained results, the highest yield of green mass was recorded in the
maize hybrid ZP 677. However, to draw the final conclusion on which
hybrid is more suitable for silage, grain yield as well as silage digestibility
should be taken into account. Since these are long-season hybrids (FAO
maturity group 750-850), they have a very developed leaf mass and the
intensive photosynthetic activity. This, among other things, classifies
them into a group of hybrids most suitable for the silage production under
the climate conditions of Serbia and Southeastern Europe (Greece,
Bulgaria, and Turkey).

As already mentioned, a huge success has been achieved in maize
breeding and the production of high quality foundation seed and hybrid
seed in the last 42 years. Furthermore, a great success was achieved in
modern technologies for the commercial maize production. Since 1978,
the number of maize plants per area unit has been significantly increased
by the application of the new maize breeding programme. This
programme, known as a "plant density" breeding programme, directly
affected the increase of yield of both foundation and hybrid seeds as well
as the yield of commercial maize (Radenovi¢ et al, 2004, 1978). A few
years later, the breeding programme for the development of maize inbred
lines with erect top leaves - inbreds with more efficient photosynthesis -
was implemented (Radenovi¢ et al 2004, 2008, 2009, 2007). Some of
these inbred lines with the erect top leaves were thought to be the
closest to the assumed photosynthetic maize model. At the same time,
the breeding programme for maize inbreds rich in pigments and other
chemical properties and excellent nutritional values was initiated (Koji¢ &
Ivanovi¢, 1986), (Petrovi¢ et al, 1992), (Peji¢, 1994), (Jovanovi¢, 1996,
1998), (Dumanovi¢ & Paji¢, 1998), (Jovanovi¢ et al, 2000), (Dini¢ &
DPordevi¢, 2005), (Paji¢ et al, 1995), (Liu, 2007), (Strati et al, 2012,
(Tyutyaev et al, 2015), (Pordevi¢ & Dini¢, 2003), (Kurlich & Juvik, 1999),
(Granado et al, 2003), (Luo & Wang, 2012).
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This study was an attempt to answer the following question by using
different interdependent tests and analyses: ,Is there a reliable and
dominant trait (one or more) of the observed maize inbred lines rich in
the pigment complex that would be the basis for the development of new
extra-quality maize hybrids that would be suitable for human diet and
nutrition of domestic animals?“ The analysis of the presented overall
results, obtained in the series of experiments, can easily give the positive
answer to this question. Consequently, the new maize inbred lines (ZPPL
146 and ZPPL 159) and the hybrids developed from them (ZP 633, ZP
735 and ZP 737) are the best confirmation of the stated. The bred inbred
lines and hybrids developed from them are rich in pigments, have
significant nutritive values, especially of carotenoids that give the colour
(Abdel-Aal et al, 2006) to cereal kernels used in the nutrition of poultry.
Carotenoids have many biological functions in both people and animals
(Strati et al, 2012), (Kurlich & Juvik, 1999), (Granado et al, 2003),
(Bacchetti et al, 2013). This aspect of the observed maize inbred lines
and hybrids will get priority within the healthy extra-quality maize-based
diet for people and nutrition for animals.

Conclusions

Based on the presented numerous and diverse results of the studies
of the new inbred lines (ZPPL 146 and ZPPL 159) and the maize hybrids
developed from these inbreds (ZP 633, ZP 735 and ZP 737) that have
high nutritive values, are rich in pigments and, in accordance with their
chemical composition, have efficient photosynthesis and other relevant
parameters characteristic for the best standard maize hybrids (ZP 677
and ZP 684) for silage of grain, ear and the whole plant, the following can
be concluded:

= Selected new, unique maize inbred lines (ZPPL 146 and ZPPL
159), rich in carotenoids, yellow pigments, also have significant
amounts of other relevant bioactive compounds and good
physical traits.

= Observed inbred lines have erect top leaves and are classified
into a group of maize inbreds with significant properties of the
photosynthetic model - they are high yielding and tolerant to high
temperatures and drought.

= Spectral bands pointing to the conformational characteristics of
molecules of carotenoids but also other compounds (phosphates,
glutens, and amides Ill) were established by the resonance
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Raman spectroscopy method applied to the leaf of the maize
inbred lines.

= Relevant traits, properties and parameters of the observed new
maize inbred lines that can be successfully used in the breeding
process are presented.

= These maize inbred lines were used to develop high yielding and
extra quality maize hybrids (ZP 633, ZP 735 and ZP 737) that are
recognisable for their quality. The hybrid ZP 633 is particularly
recognisable in human nutrition (children and the elderly).
Furthermore, in relation to veterinary and agronomic estimations,
the hybrids ZP 735 and ZP 737 are the most suitable for feeding
domestic animals with a programmed use of maize silage, ground
maize and coarse meal.

= Relevant agronomic, morphological and nutritive properties of the
maize hybrids ZP 677, ZP 684, ZP 735 and ZP 737 are
presented. Moreover, the results regarding the grain structure and
grain and silage yields obtained in the regions of Serbia and
Southeastern Europe (Greece, Bulgaria, and Turkey) are also
displayed.

» All studied maize hybrids (ZP 633, ZP 735, ZP 737, ZP 677, and
ZP 684) are intended for large-scale production of flour, semolina,
ground maize, silage of grain, ear and the whole plant, which
provides healthy and extra quality food and feed.
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breeding would have been even more successful. Even so, he will be
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BbICOKOYPOXAMHBLIE N XUMWYECKW OBOIALLEHHBLIE
rMBPWAbI KYKYPY3bl CEPECKOW CENEKLM - NTYYLLAA
OCHOBA 14 BBICOKOKAYECTBEHHbLIX NMPOOYKTOB NMATAHNA
1 KOPMOB OJ1A AJOMALLHNX XXUBOTHbIX

Yedomup. H.vPa,quOqua‘S, Henad. C. fenny®, Munuya M. Pagocasnesuy®,
JKueoma B. NosaHosu4®, Mune [. CevaHckn®, AnekcaHdap C. Monosuy?,
Munow C. Upesap®, Hebotiwa [l. Pagocasnesny®

@ MIHCTUTYT KyKypy3bl ,3eMyH Mone®, r. Benrpaa, Pecny6nuka Cepbus

6 Benrpagckuin yHuBepcuTeT, pakynbTeT PrU3n4ecKkon Xummm,
r. benrpag, Pecnybnuka Cepbusi, KoppecnoHOeHT

PYBPUKA TPHTW: 31.27.00 Bruonornyeckas xumus;
31.27.29 Broxumms nuTaHns U KOPMIeHus.
31.15.00 dusnyeckan xumms

BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl

Peswome:

BeedeHue/uenb: B daHHoU cmambe npedcmaesrneHbl pe3ynbmamsl psida
pasnuyHbix uccriedosaHuli. Cenekyus UH6pedHbIx nuHulti ZPPL 146 u
ZPPL 159, npoussedeHHasi Ha OCHoge aubpudos KyKypy3bl,
rpedHa3Ha4yeHHbIX 8 nepsyro ovyepedpb 05151 npoudsodcmea npodyKmos
numaHusi U Kopmog Orid OOMawHUX XUBOMHbIX, 3aHsifia OKOJo
yembipex decamunemud: ZP 633, ZP 735 u ZP 737.

Memoder: B uccriedosaHuu MpuUMEHSNICA MemoO pPe30HaHCHOU
pamMaHo8CKoU CreKmpoCKonuu nucmebe8 UHOPedHbIX NTUHUU KyKypys3bl, C
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nomMowpto  Komopoli  6biiu  OBHapyXXeHbl  crieKkmparibHble  0s10Chl,
Komopbie  yKasblealom Ha KOHQOPMAaUUOHHbIE  Xapakmepucmuku
MorneKyn KapomuHoudos, a makxe Opyaux coeduHeHul (gpocghama,
enmomena u amuda lli).

Pesynbmamel: Ha ocHogaHuu mnposedeHHO20 cucmeMamu4ecKoeo
uccnedosaHusi uHbpedHbIx nuHul: ZPPL 146 u ZPPL 159 u esubpudos
KyKypy3bi: ZP 633, ZP 735 u ZP 737 ebisienieHo, 4mo HO8ble
UHbpedHble nuHuu Kykypysel: ZPPL 146 u ZPPL 159 6o2ambi
KapomuHoudamu U XesimbiMu nuaMeHmamu. Omu JiuHuU 8 6051buwom
obbeme obnadarom u Opyaumu 8axkHbIMU BUOI02UYECKU aKmu8HbIMU
CcoeduUHeHUsMU u 61a2onpusimHbIMU gusudeckumu
Xapakmepucmukamu. Visydaembie UHOPEOHbIe JIUHUU  KYKypy3bl
omuYalomcs MpPsSIMOCMOSHUM  OJIOKEHUEM BEPXHUX JlUCmbes U
omHocsimcs K 2pynne [uHUU  KyKypy3bl CO  3HayumersibHbIMU
xapakmepucmukamu molesniu ¢ghomocuHmesa. 3mo xxapocmolikue u
3acyxoycmouy4ueble pacmeHus.

BbigoObl: B daHHOU cmambe npedcmassieHbl periesaHmHble
ceolicmea, XxapakmepucmuKku U rfapamempbl U3YYEHHbIX HO8bIX
UHBpPeOHbIX NTUHUL KyKypy3bl, KOMOopble 8 riepcriekmuse mMo2ym bbimb
ucrnosnb308aHbl 8 rnpouecce cenekyuu. C noMowbro 8bileyKa3aHHbIX
UHBPEOHbIX NUHUUU  KyKypy3bl €030aHbl 8bICOKOypOXalHble U
8bICOKOKa4YecmeeHHble aubpudbl KyKypy3bel: ZP 633, ZP 735 u ZP 737,
omnuyarouuecsi no ceoum kadecmeam. OcobeHHO y3Hasaem 2ubpud
ZP 633, npedHa3HayveHHbIl Onsi npousgodcmea npodykmos rnumaHusi
(Orig Oemedli u noxurnbix moded).

Knoyesble criosa: 3amedneHHass hryopecueHyuss xmaopogusina,
pamaHosckasi criekmpockonus, modesb ¢homocuHmesa, Zea mays L,
UHbpedHas nuHus, eubpud, munakoudOHass membpaHa, nuaMeHMmMHbIe
ceolicmea, nuuwiesasl UeHHoOCmMb, rnpoOyKmbl numaHusi u kopma Ornsi
OoMalWHUX XUBOMHbIX.

BUCKOMPNHOCHW 1 XEMWNJCKKU OBOIr' AREHU XUBPWNOU
KYKYPY3A CPTIICKE CEJNIEKLUNJE KAO HAJBOJbA OCHOBA 3A
HAJKBAJIMTETHWJY XPAHY

Yedomup. H. PapneHosuh®®, Henad. C. fenvh?, Munuya M. Pagocasrbesuh?,
JKueoma B. JosaHosuh®, Mune [1. CeuaHckn®, AniekcaHdap C. Monosuh?,
Munow C. Upesap®, Hebojwa [l. Pagocasrsesuh®

@ MHCTUTYT 3a KyKypys ,3emyH MNorbe“, Beorpap, Peny6nuka Cpbuja

6YHMBepszeT y Beorpagy, ®akynteT 3a uanuky xemujy,
Beorpag, Penybnuka Cpbuja, ayTop 3a npenucky

OBJIACT: cusnyka xemuja, brnodumanka, reHeTnka, bmoxemuja n TexHonorvje

3a npepagy urbH1UX cMpoBKHa
BPCTA UJ1IAHKA: opuvruHanHu Hay4Hu pag
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Caxemak:

Yeod/uyurb: Y osom pady usnaxy ce pesynmamu euwie pasiudqumux
ucmpaxusarba. KoHcmamyje ce Oa je oko Yyemumu OeueHuje mpajasio
cefniekyuoHucare uHbped-nuHuja ZPPL 146 u ZPPL 159 u ca mwuma
cmeopeHux xubpuda Kykypysa: ZP 633, ZP 735 u ZP 737, npeeHcmeeHo
HaMeH-eHUX 3a UucxpaHy rbyou u 0omahux xueomursa.

Memode: lNpumeHom mMemode pe3oHaHmHe PamaHose crieKmpockoriuje
Jniucma uHbpeOd-nuHuUja KyKypy3sa peaucmposaHe Cy CrieKmparHe mpake
Koje yKasyjy Ha KOH(hopMayluoHe KapaKmepucmuke MoreKyna
KapomeHouda, anu u Opyaux jedurera (chocchama, arlymeHa u amuda
) y nucmy.

Pesynmamu: Y pady je usepweHo cucmemMamcKko ucrumugarse UHbpeo-
nuHuja: ZPPL 146 u ZPPL 159 u xubpuda Kykypy3a: ZP 633, ZP 735 u ZP
737. KoHcmamoeaHo je Oa cy Hose uHbped-nuHuje Kykypy3a: 311 146
u 3MrJ1 159 6ozame kapomeHouOuMa U XymuMm ruemeHmuma. Te
JIUHUje umajy, y 3HamHUM Konu4yuHama U epedHocmuma, U Opyaa
penegaHmHa  buoakmueHa  jeOHUHeHa U  dobpe  qbusuyKke
kapakmepucmuke. [lpoyyasaHe UH6peOd-nuHUje  KyKypy3a umajy
ycrpasaH rosioxaj 8pwHUX siucmosa u criadajy y epyry fluHuja KyKypysa
ca 3HayvajHUM Kapakmepucmukama ghomocuHmemuykoz modesa. OHe cy
OMIIOPHE Ha BUCOKY memrepamypy U mosiepaHmHe cy Ha Cyuwly.

Sakmbyuak: Y pady cy Uu3fioxeHa  peregaHmHa  €eojcmea,
Kapakmepucmuke U rapamempu rpoy4yagaHux HO8UX UHOped-ruHuja
KyKypysa Koja ce moay kopucmumu y 6ydyhHocmu y ceriekyuoHoM
npouecy. Ca HagsedeHUM UHBped-NuHUjama KyKypy3a CmeopeHu Ccy
BUCOKOMPUHOCHU U KeanumemHu xubpudu Kykypysa: ZP 633, ZP 735 u
ZP 737, Koju cy nperiosHamsbusu o c8ojuM Keanumemuma,a Hapo4umo
xubpud ZP 633 3a ucxpaHy sbydu (deue u cmapujux nuya). icmo mako,
ca aspOHOMCKO-8emepuHapcKoa cmaHosuwma je romepheHo da cy
xubpudu ZP 735 u ZP 737 HajnoeodHuju 3a ucxpaHy Oomahux
JKueomurba y3 rpoepamupaHo Kopuwhere KyKypy3He curnaxe. Takohe,
U3/IOXKEHa Cy periegaHmMHa agpOHOMCKa, MOPGOOIowKa U HympumueHa
ceojcmea xubpuda Kykypy3a ZP 633, ZP 735 u ZP 737. [lpeseHmoesaHu
Cy U pesyrimamu O CMPYKmMypu 3pHa U 8UCUHU MpUHOca 3a 3PHO U
cunaxy u kod xubpuda ZP 677 u ZP 684, koju ce npousgode y Cpbuju u
3emrbama jysoucmoyHe Espore.

KrbyuHe peuu: 3akacHena cbryopecueHuyuja xmopoguna, PamaHosa
criekmpockonuja sucma, ¢omocuHmemudku modes, Zea mays L,
UHBped-nuHuUja, xubpud, munakoudHa MmembpaHa, nuaMeHmHa
ceojcmea, HympumusgHa 8pedHOCM, XpaHa 3a sby0e U XUBOMUHE.
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