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EVALUATION OF SOURCE MATERIAL FOR SWEET MAIZE
BY THE MAIN BREEDING CHARACTERISTICS

O. L. Haidash, B. V. Dziubetsky, V. Yu. Cherchel, L. O. Musatova
State Enterprise Institute of Grain Crops NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. The sweet maize grain differs from other maize subspecies in its high sugar content: the
grain accumulates 2 times more mono- and disaccharides, 20 times more dextrins, and almost 2 times less
starch, with a crude protein content of 10.4-14.9 %. The main direction of sweet maize breeding is to develop
the high-yielding interline hybrids that are suitable for mechanized harvesting of cobs, and resistant to main
diseases and pests, as well as characterized by high technological grain qualities. To effectively solve these
challenges, it is necessary to know the morphological and biological characteristics and properly select the
source material (self-pollinated lines). Purpose. To study of morphological and biological characteristics of
sweet maize lines. Materials and methods. Visual phenological observations; laboratory-field method was
used to determine morphobiological characteristics of plants; measuring and weighing method — to deter-
mine yield and metric characteristics of plants; mathematical and statistical method — to determinate validity
of results, variability of traits, correlational dependence of traits; analysis of variance; comprehensive as-
sessment of morphobiological and economically valuable characteristics of inbred lines. Results. According
to analysis of sugar composition, the studied samples revealed a high content of monosaccharides (glucose,
frUCtose, etC.) in the lines HOL-1 14111115 HOL-1 14112115 DKS346 114 DINAR346 141, HOL-19 and disaccha-
rides (sucrose, lactose, maltose) in HOL-1 1411011, SVAN1212 1,3, HOL-19. These indicators are important in
the deep processing of sweet maize for the food industry an individual product and as one of the components
in the culinary products. These mono- and disaccharides are used to produce sweets, sweet or alcoholic
drinks, and sauces. The following DINAR346 14, HOL-1 141151 lines had a low level of sucrose content: 3.7
and 4.6 %, respectively. Conclusions. According to the results of research on the breeding material of sweet
maize, it was identified the self-pollinated families with high taste qualities (7 points), such as HOL-1 1411111,
HOL-1 1411211, DKS346 114, HOL-4 1411141 and HOL-19, which will be involved to develop competitive high-
yielding hybrids with a high sugar content in grain, increased taste and technological qualities in the sweet
maize breeding programs in the future.
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Introduction. Sweet maize is a special
subspecies for vegetable purposes. It is a valua-
ble food, fodder and industrial crop. Its grain is
a valuable raw material for the canning, food
concentrate and confectionery industries [1].

The grain of sweet maize differs from
other maize subspecies in its high sugar content:
mono- and disaccharides are accumulated twice
more than in dent maize, dextrins are 20 times
more and starch is almost twice less, while the
crude protein content in the grain is 10.4—
14.9 %. The highest protein concentration in the

Author information:

grain is observed 10 days after pollination, and
on 20-22 days after pollination, protein concen-
tration decreases by 50-60 %. In contrast, the
starch content has a diametrically opposite de-
pendence: in the stage of milk ripeness, its
amount is 15-25 %, and in the stage of full
ripeness, 50-60 %. The sweet maize ripens in a
short period of time, during which its taste dete-
riorates due to a significant loss of sugar content
and an increase in starch, protein, dextrin and
fat content [2-3].

Sweet maize is a natural source of several
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vitamins: B1 (thiamine hydrochloride) is an es-
sen-tial coenzyme in carbohydrate metabolism
and nerve impulse transmission; B, (riboflavin)
is part of flavin mononucleotide (FMN) and
flavin adenine dinucleotide (FAD), which are
mainly required for metabolism; Bg (pyridoxine
hydrochloride) is necessary for enzymes in-
volved in metabolism, as well as for the synthe-
sis of neu-rotransmitters and hemoglobin; nico-
tinamide or PP (pellagra preventing) is a water-
soluble vitamin; it is necessary for many oxida-
tion reactions in living cells and is a part of the
cofactors NAD(H) and NADPH(H) and glucose
tolerance factor. The significant content of vit-
amin C (ascorbic acid), which is necessary for
the growth and function of bones, skin, teeth,
capillary endothelium and the immune system,
and tocopherol in oil, containing essential amino
acids and dextrins, was noted. All these sub-
stances are useful and necessary for the human
body. In terms of nutrition and taste, sweet
maize is one of the top vegetable crops. The
energy value per 100 g of milk-ripening grain
consists of 334-340 to 530 kcal [4-T7].

Sweet maize is distinguished from other
subspecies not only by its high sugar content,
but also by a more favourable combination of
all the carbohydrates that influence the grain
taste. Most valuable are the water-soluble poly-
saccharides, which are easily absorbed by the
body. The best grain flavour is achieved at a
grain moisture content of 68-72 %. Grain mois-
ture content within these limits is an indicator of
the technical ripeness of maize grain, in which
its taste is most fully manifested. At the same
time, it is characterised by the relationships of
the biochemical process in the accumulation and
redistribution of nutrients and, above all, by the
high content of mono- and disaccharides in the
structural complex of sugars. We can conclude
that the genetic control of grain taste is based on
the biochemical composition of sugar and char-
acterised by a high ratio of monosaccharides to
sucrose. The maize taste is also dependent on
endosperm density and pericarp thickness,
which accounts for approximately 5.5 % of the
total grain weight. The pericarp thickness de-
pends on the growing conditions, grain place-
ment on the ear, and storage conditions [3, 8].

Maize breeding based on heterosis re-
quires the continuous development and evalua-
tion of new homozygous lines. The sweet maize

38 Grain Crops. Vol. 6. No. 2. 2022. P. 3742

breeding focuses on high-yielding interline hyb-
rids, which are suitable for mechanised ear har-
vesting, resistant to major diseases and pests,
and have high technological grain qualities.
Solving these problems depends on knowledge
of morphological and biological characteristics
and properly selected source material (self-
pollinated lines) [9-11].

Purpose. To study the morphological and
biological characteristics of sweet maize lines.

Materials and Methods. The experi-
mental part of the work was carried out in the
fields at SE Institute of Grain Crops of NAAS in
2019-2020. Observations and records were carried
out in the breeding and control nurseries. During
2019-2020, a collection of self-pollinated fami-
lies of sweet maize synthesised on the basis of
sister hybrids obtained by crossing the best lines
originated by inbreeding commercial hybrids of
different ecological, geographical and genetic
origin was studied. For comparison, a mid-early
line RKTS 21 is used as the standard (St). For
the biochemical analysis, we used grain in tech-
nical ripeness obtained by controlled pollination
after its fixation by rapid freezing. The content
of the main sugar fractions was determined by
the method of D. I. Lisytsyn [12] and calculated
as a percentage of dry matter (DM).

Results and Discussion. The main breed-
ing phenological, biometric and other indicators
of self-pollinated lines were studied. Based on
the duration of the period "seedlings — silking"
and "seedlings — technical ripeness of grain”, the
studied samples were classified as mid-ripening.
The variation in plant height was within 142.0—
168.0 cm in 2019 and 167.5-207.5 cm in 2020,
with an average of 156.9 and 190.5 cm, respec-
tively (Table 1). The coefficient of variation
increased during the study years from 4.6 % in
2019 to 6.2 % in 2020, which indicates the rela-
tive stability of the studied samples.

It should be noted that the ear insertion
height also varied significantly both in specific
lines and over the years of research. On average,
it was 47.9 cm in 2019 and 67.7 cm in 2020,
with indicators ranging from 31.0 to 59.5 cm
and from 51.5 to 78.5 cm, respectively, by year.

Main structural elements of seed produc-
tivity in self-pollinated maize lines were deter-
mined in the course of the study: ear length and
diameter, number of kernel rows per ear and num-
ber of kernels per ear row, ear weight (Table 2).
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Table 1. Plant height and ear insertion height of self-pollinated maize lines, cm

Plant height, cm Ear insertion height, cm
Lines 2019 2020 X" 2019 2020 <
HOL-1 1411111 142.0 167.5 155.6 32.0 58.5 46.8
HOL-1 1411011 159.0 192.0 173.6 54.5 77.0 65.5
HOL-1 1411511 149.0 185.5 157.3 475 66.5 55.6
HOL-4 1411141 150.0 199.5 166.9 41.0 64.0 495
DKS346 114 161.5 207.5 189.5 58.5 78.0 71.9
(DK346C *NAR) 141 157.5 187.0 165.6 53.0 78.5 63.7
PN 112 165.5 201.5 178.6 50.0 70.0 57.9
CN369 114 168.0 207.0 171.8 59.5 76.5 59.8
CBANI1212 193 158.0 185.5 165.2 31.0 51.5 41.9
HOL-11 156.5 180.5 171.5 49.5 68.0 57.8
HOL-19 159.0 181.5 163.3 50.5 56.5 53.6
RKTS21 (St) 160.0 190.5 175.2 50.0 65.0 57.5
Average, (X) 156.9 190.5 169.0 47.9 67.7 56.7

Coefficient of variation

V), % 4.6 6.2 6.9 19.1 13.2 16.5
Error * 4.8 8.0 7.8 6.1 6.0 6.1

Note: *Data on the error of the arithmetic mean are presented in the form mt o s where, m - the error of the
arithmetic mean, to s is the Student's coefficient at the level of significance of 0.05. X** — average.

Table 2. Structural elements of seed productivity in self-pollinated lines, average for 2019-2020

_ Ear length _ Ear Number | Number of Ear (_srain
No. Lines "| diameter, | of kernel | kernels per : weight per
cm weight, g
cm row, pcs row, pcs ear
1 HOL-1 1411111 14.7 3.3 12 24 67.4 40.4
2 HOL-1 1411011 13.9 3.2 12 22 58.1 34.8
3 HOL-1 1411511 13.3 4.4 14 20 55.7 33.4
4 HOL-4 1411141 13.1 3.2 12 24 68.5 41.1
5 DKS346 114 11.8 3.5 14 18 88.6 53.2
6 (DINAR346) 141 11.3 3.1 12 22 62.2 37.3
7 PN 112 14.3 3.3 14 28 73.2 43.9
8 CN369 114 9.5 4.6 12 16 38.2 22.9
9 CBANI1212 153 9.9 3.7 12 15 48.6 29.2
10 HOL-11 15.7 4.1 10 24 110.7 66.4
11 HOL-19 15.6 4.8 14 28 130.3 78.2
12 RKTS21 (St) 13.6 3.7 10 22 52.1 31.3
13 Average, (X) 13.1 3.7 12.3 21.9 71.1 42.7
14 Coefficient of
variation (V), % 15.0 15.2 11.1 18.1 35.9 35.9
15 Error * 0.6 0.2 0.4 1.1 7.4 4.4

Note: *Data on the error of the arithmetic mean are presented in the form mt o s where, m - the error of the
arithmetic mean, t (g5 is the Student's coefficient at the level of significance of 0.05.

The highest ear weight was observed in
lines HOL-11 — 110.7 g and HOL-19 — 130.3 g,
the lowest was in CBAN1212 1,3 — 48.6 ¢, and
CN369 114 — 38.2 g. According to the number of
kernel rows, the differences between the lines
were within 10-14 kernel rows. As for other
indicators, there was a significant difference
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between the lines in ear diameter (from 3.1 to
4.8 cm), number of kernels in a row (from 15 to
28 pcs) and kernel weight per ear (from 22.9 to
78.2 g). It should be noted that there is a high
positive correlation (r = 0.85) between the num-
ber of kernels per row and the ear length and a
weak positive correlation between the ear diameter
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and the number of kernel rows (r = 0.20).
According to the sugar content in terms of
dry matter, the studied self-pollinated lines were

characterized by a wide range of sugar content
from 12.1 to 19.5 mg, % (Table 3).
The highest content of total sugars was

Table 3. Sugar content in grain of sweet maize inbred lines at technical ripeness, average for 2019-2020

No. Lines Total sugar, | Monosaccha- Disac- | Sucrose, Ratio of monosaccha-
mg, % rides, mg, % | charides mg, % rides to sucrose
1 HOL-1 1411111 18.1 7.0 11.0 3.8 1.8
2 HOL-1 1411011 19.5 6.3 13.2 6.5 1.0
3 HOL-1 1411511 12.6 3.9 8.7 4.6 0.8
4 HOL-4 1411141 14.6 3.4 11.2 7.5 0.5
5 DKS346 114 18.5 6.7 11.9 4.8 1.4
6 DINAR346 14 15.8 4.0 7.9 3.7 1.1
7 PN 112 12.1 3.0 9.1 5.8 0.2
8 CN369 114 13.5 3.1 9.8 6.4 0.5
9 CBANI212 153 17.8 3.8 14.0 9.7 0.4
10 HOL-11 13.8 3.6 10.2 6.3 0.6
11 HOL-19 17.9 4.8 13.2 7.9 0.6
12 RKTS21 (St) 13.9 3.0 10.9 7.2 0.4
13 Average, (X) 15.7 4.4 10.9 6.2 0.8
14 Coefficient of
variation (V), % 15.7 32.2 16.7 27.5 58.0
15 Error * 0.7 0.4 0.5 0.5 0.1

Note: *Data on the error of the arithmetic mean are presented in the form mt (45 where, m — the error
of the arithmetic mean, ty s is the Student's coefficient at the level of significance of 0.05.

observed in the lines HOL-1 1411111 (18.1 %),
HOL-1 1411211 (195 %) and DKS346 114 (185 %),
and their content was relatively low in the lines
PN 112 (12.1 %) and HOL-1 1411511 (12.6 %). It
should be noted that 50 % of the lines had this
indicator significantly higher than the lines of
the RKTS21 standard (13.9 %).

Our analysis of the sugar composition of
the studied samples revealed a high content of
monosaccharides (glucose, fructose, etc.) in
HOL-1 1411111, HOL-1 1411011, DKS346 114,
DINAR346 141, HOL-19 and disaccharides (su-
crose, lactose, maltose) in HOL-1 1411011,
CBANI1212 13, HOL-19. These parameters are
important in the deep processing of sugar maize
for the food industry as a standalone product
and as the components of culinary products.
These mono- and disaccharides are used to pro-
duce sweets, sweet and alcoholic drinks, and
sauces. The lines are characterised by low suc-
rose content: DINAR346 141 and GOL-1 1411511 —
3.7 and 4.6 %, respectively.

The taste of sweet maize grain is primarily
dependent on the ratio of monosaccharides to
sucrose and the pericarp thickness. The pericarp
thickness is determined visually by the degree
of wrinkled maize grain in the full ripeness [13].
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The grain taste of self-pollinated lines was de-
termined in technical ripeness by tasting boiled
ears. The taste of the grain was evaluated on a
nine-point scale: 9 — very tasty, 7 — tasty, 5 — medi-
um tasty, 3 — tasteless, 1 — very tasteless[14].
High taste qualities (7 points) were found in the
lines HOL-1 1411111, HOL-1 1411211, DKS346 114,
HOL-4 1411141 and HOL-19, in which the ratio of
monosaccharides to sucrose ranged from 1.0 to
1.8. The lowest taste qualities (3 points) were
noted in PN 112 lines, with low monosaccharide
content and their ratio to sucrose within 0.2, due
to the superiority of sucrose over monosaccha-
rides in the complex of total sugar. According to
the results of the tasting, the rest of the families
were classified as medium-tasty (5 points).

Conclusions. The following conclusions
can be drawn based on the results of studies of
sweet maize breeding material, a set of morpho-
logical and biological parameters and taste:

- according to the duration of the period of
seedlings - silking and seedlings - technical ripe-
ness of grain, the studied samples were classi-
fied as mid-ripening;

- high positive correlation (r = 0.85) bet-
ween the number of kernels per row and the ear
length and a weak positive correlation between
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the ear diameter and the number of kernel rows
(r=0.20);

- self-pollinated families with high taste
qualities (7 points) were identified: HOL-1
1411111, HOL-1 1411211, DKS346 114, HOL-4
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KYKYpyo3u UyKpoeoi 3a OCHO8HUMU cCeNleKuiiHumu noxaznukamu. 3eprosi kyromypu. 2022. 6 (2). 37-42.
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AKTyaJlbHiCTh. 3epHO LYKPOBOi KYKYPYI3H BiApPI3HSAETHCSA BiA IHIMIMX MiABHIIB BHCOKMM BMiCTOM
IKpiB: B 2 pa3u Oinblie BijJf 3yOOBHIHOT HAKOITUYY€E MOHO Ta Jucaxapuiis, B 20 pasiB Oijiblie TEKCTPUHIB i
Maibke B 2 pa3u MEHIIEe KpOXMalo MpH BMICTI B 3epHi cuporo Oinka (mporeiny) 10,4-14,9 %. OcnoBHuM
HaNpSIMKOM CeJIeKLil IyKpoBOi KYKYpyI3U € OTPHUMAaHHS MUKIIHIMHUX TiOpHAiB, SIKIi MarOTh BHCOKY BpO-
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JKalHICTh, MMPUAATHI JO MEXaHI30BaHOTO 30MpaHHS KadaHIB, CTIHKI JO OCHOBHHX XBOpOO Ta IIKITHHKIB, a
TAKOXK XapaKTepU3yBAaTUCS BUCOKHMH TEXHOJIOTIYHUMH SIKOCTSIMH 3epHa. EQekTrBHE pillleHHs UX 3a]a4 B
3HAYHIN Mipi 3aJICKUTH BiJ 3HAHHS MOPQOIOTIYHHX 1 O10JIOTTYHUX OCOOIMBOCTEH Ta MPABMIIBHO MiAIOpaHOTO
BUXIJTHOTO Matepiany (camo3amuieHux JiHii) Mera. BuBYeHHS MOPQOJIOTIUHUX 1 O10MOTiYHUX OCOOIUBO-
CTe INiHIA KyKypya3W IykpoBoi. Martepiaqm i meroau. BizyampHuii — (eHONOTIUHI CIIOCTEPEKEHHS;
J1a00paTOPHO-TIOILOBHI — BH3HAYCHHS MOP(O0-010JIOTIYHUX O3HAK POCIWH; BHUMIipIOBAJILHO-BAarOBHHA —
BU3HAYCHHsS BPOXKaHHOCTI Ta METPUYHHX O3HAK POCIHH; MAaTEeMAaTUYHO-CTATUCTUYHI — BH3HAYEHHS
JOCTOBIPHOCTI  pe3yNbTaTiB, IOKA3HUKIB BapiadeNbHOCTI O3HAK, KOPENAIMIAHOI 3aJIeXHOCTI O03HAK;
TUCTICPCIMHUI  aHaNi3; KOMIUIGKCHE OIHIOBAaHHA MOpP(0-0I0NOTIYHNX Ta TOCIOAapChKO-IIIHHAX
XapakTepucTUK iHOpenHux JiHid. PesyabTaTu. [lpoBeneHuii aHamiz ckiamy LYyKpiB Yy JOCHTIIKYBaHHUX
3pa3KiB BUSBUB BUCOKUI BMICT MOHOIIYKPIB (IIt0K03a, (hpykTo3a Ta iH.) y JaiHid [OJI-1 1411111, TOJI-1 1411011,
JKC346 114, DINAR346 145, T'OJI-19 Ta pumykpiB (mykpos3a, jakto3a, ManbTo3a) y [OJI-1 1411013,
CBANI1212 153, T'OJI-19. Lli moka3HUKM BaXXJIMBI NpW TNIMOOKIH mMepepoOli IyKpoBOi KyKypyIO3u JUis
Xap4yOBOT MPOMUCIIOBICTI y BUTJISAI CAMOCTIHHOTO MPOAYKTY 1 B SIKOCTi OJJHOT'O 3 KOMITOHEHTIB, IO BXOJAATh
10 CKIaxy KyTiHapHHX BHPOGiB. IX BHKOPHCTOBYIOTH IS BUTOTOBJIEHHS COJNOJOIIIB, HAMOIB (COMOAKUX i
QJIKOTOJILHUX ), coyciB. Hu3bkuii piBHeM BMicTy caxaposu Maiu JdiHii: DINAR346 149, TOJI-1 1414511 — 3,7 T2
4,6 % BignosigHo. BucHoBkuM. 3a pe3ynbTaTaMu AOCIIIKEHb CEIEKLIHHOTO MaTepiany KyKypyI3u IyKpOBOi
BH3HAYCHO CaMO3alIIeH] CiM’1 3 BUCOKMMH cMakoBUMH SKOCTAMU (7 OamiB): ['OJI-1 1411111, T'OJI-1 1411011,
JKC346 114, [OJI-4 1411141 Ta T'OJI-19, s1Kki B momanbiioMy OyAyTh 3adydeHi B IPOTPAMHU CEIEKIll KyKypyI3H
IyKPOBOI 31 CTBOPEHHSI KOHKYPEHTOCIIPOMOKHUX BHCOKOBPOKaWHMX T10pUIIB 3 BUCOKHM BMICTOM IIYKpIiB Yy
3€pHi, MiIBUIIICHUMH CMaKOBUMH 1 TEXHOJIOTIYHUMU STKOCTSIMHU.

Knrouoei cnoea: yykposa Kykypyosa, NiHisA, emicm YyKpie, HACIHHEGA NPOOYKMUBHICMb, CMAKOGI
AKOCMI 3epHa
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