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SOWING SEED QUALITIES AND THEIR DETERMINATION METHODS
IN SEED PRODUCTION AND CERTIFICATION OF MAIZE HYBRIDS

M. Ya. Kyrpa, T. M. Lukianenko
State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. The sowing quality of maize seeds is determined by standardised indicators that do not
fully cover the sowing and yield properties of hybrids, resulting in problems with calculating seeding rates
and planning the optimal plant density. Purpose. To investigate and establish laboratory quality indicators
of maize seeds with a higher level of correlation with field germination and yield. Methods. The laboratory
and field, and statistical and mathematical methods were used; in laboratory experiments, seed quality indi-
cators and methods of their determination were studied, and in field trials, the influence of other seed quality
indicators on germination and yield of maize hybrids of the SE Institute of Grain Crops of NAAS of Ukraine
was determined. Result. Indicators that significantly affect the sowing and yielding properties of maize hy-
brid seeds have been identified, including germination by cold germination, growth rate and seed evenness.
Methods have been developed to determine the above parameters. Germination was determined by the simu-
lation parameters of the period from sowing to seedlings; growth rate — by the number of seeds with a sprout
length of 5 cm or more; seed evenness — by the seed weight from two adjacent sieves after separation. The
current method for determining seed moisture content was also improved by changing the heat exposure.
Conclusions. The new seed quality indicators have a correlation level with field germination of maize hyb-
rids in the range of 0.6-0.75, which should be applied in seed harvesting, processing and storage, and the
methods should be used in the seed certification system to improve and expand the scope of analysis and
suitability of seeds for sowing.
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Introduction. Maize seed production is a
branch of crop production that focuses on seed prop-
agation while maintaining certain quality indicators.
Seed quality is determined by a certification system
based on the analysis of products according to the
applicable indicators. These indicators are set out in
DSTU 2240, and the methods for determining the
indicators are set out in DSTU 4138 [1, 2]. The pro-
cedure for seed certification is regulated by the Cab-
inet of Ministers of Ukraine Resolution No. 1210
dated 17.11.2023 and explained in a number of
manuals [3-5].

The main quality indicators of maize seeds are
germination, moisture content, 1000 seed weight,
level of disease damage and pest infestation. These
indicators are considered to characterise sufficiently
the seed condition, as well as reflect its sowing qual-
ities and yield properties.

However, in a number of studies and in our
work, a special relationship between these quality
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indicators and the results of growing maize in the
field has been established [6-9]. Different levels of
correlation between laboratory and field germination
of seeds were found, controversial data were ob-
tained on the effect of seed size and weight on the
germination rate, and laboratory quality indicators
that are most closely related to seed productivity and
yield were not identified. As a result, both commer-
cial and seed purposes in crop cultivation technolo-
gies are negatively affected, and changes are re-
quired to calculate seeding rates and to form the op-
timal pre-harvest plant density, their seedlings may
be sparse or thickened, causing difficulties in carry-
ing out mechanised crop care and harvesting. It is
known that the relationship between the laboratory
indicators of seed quality, its field germination, plant
growth and development is particularly affected un-
der stressful growing conditions [10-12].

In this context, the development and determi-
nation of laboratory quality indicators for maize
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seeds that would have a high correlation with field
germination, plant growth and development, produc-
tivity and yield in general is a relevant issue. It
should be added that in the system of different crops,
maize seeds are a more complex object of certifica-
tion and standardisation, as they are characterised by
significant diversity of quality (ecological, matrix,
genetic, morphological).

The research aims to establish maize seed
quality indicators that can be used to evaluate and
prepare high-quality seeds of this crop in seed pro-
duction and certification systems.

Materials and Methods. The research was
conducted at the Laboratory of Grain Storage Me-
thods and Standardisation of the State Enterprise
Institute of Grain Crops of NAAS of Ukraine (SE
IGC NAAS) in 2021-2023. The object of research
was maize hybrids bred by SE IGC NAAS at diffe-
rent stages of growing, harvesting, processing and
storage. Seed quality was determined by moisture
content, germination, germinating energy, growth
vi=gour, and seed uniformity. The moisture content
was determined by the current method of thermal
drying at different heating exposures and tempera-
tures in the Binder drying chamber. Growth energy
and seed germination were studied by germinating
seeds on wet filter paper at a temperature of 23-25 °C.
Growth vigour of maize hybrids was determined by
two methods: the first — by the number of germina-
ted seeds with 5 cm or more sprouts; the second — by
seed germination in conditions with alternating low
and optimal temperatures. Seed uniformity was de-
termined by separating the seed mixture on sieves

with 9, 8, 7 and 6 mm holes. The number of seeds on
two adjacent sieves in percentage of the total num-
ber was used as an indicator of seed uniformity. In
addition to laboratory indicators, field germination
and productivity (yield) of maize hybrids were stu-
died using the methods of SE IGC NAAS [13]. Data
from laboratory and field studies were calculated
using EXCEL tables for reliability [14].

Results and Discussion. Seed moisture con-
tent is one of the mandatory indicators that charac-
terise the seed condition and quality and have tech-
nological significance; the dates of harvesting and
methods of drying and storage of the harvest depend
on seed moisture content.

The moisture content of maize seed is ana-
lysed according to DSTU 4138 (Section 9), which
requires that the sample be previously milled for 60
seconds and then dried for 40 minutes. In contrast,
the moisture content of commercial grain is analysed
using a different thermal method according to GOST
13586.5, which requires a drying time of 60 minutes.
Thus, there is an inconsistency in the two methods,
which refer to the same indicator.

Therefore, the two methods of determining
the moisture content of seeds of dent and flint-dent
maize hybrids with different endosperm consisten-
cies were compared. Both methods showed different
results in terms of moisture content, which was lo-
wer according to the method set out in GOST
13586.5 (Table 1). The difference between the indi-
cators of both methods was within 0.9-1.1 %, which
is quite significant and is confirmed by the mathe-
matical processing of the results for reliability.

Table 1. Peculiarities of determining the seed moisture content of maize hybrids
depending on the methods and conditions of analysis, 2021-2022

Maize Conditions of analysis Seed
] Method of analysis _ moisture
hybrid kernel type milling, s drylrsrﬂrglme, content, %
DSTU 4138 60 40 11.4
GOST 13586.5 60 60 10.5
DN Olena dent modification 30 40 115
modification 30 60 10.4
DSTU 4138 60 40 11.0
. . GOST 13586.5 60 60 10.3
DN Patriot | flint-dent modification 30 40 115
modification 30 60 10.6
DSTU 4138 60 40 11.6
DN flint-dent GOST 13586.5 60 60 10.7
Meotyda modification 30 40 11.9
modification 30 60 11.0
LSDgs, % (W) 0.2

The effect of the duration (30 and 60 s) of
milling the sample weight in the analysis of seed
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moisture content was also examined, depending on
the botanical type. Reducing the exposure by 2 times
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for dent kernels did not significantly and demons-
trably affect the analysis result, while for flinty-dent
kernels it led to incomplete moisture removal, i.e. to
an inaccurate result. Thus, when drying a sample
weight milled for 30 s, the moisture content of the
DN Meotyda and DN Patriot hybrids was 0.3-0.5 %
higher compared to the 60 s milling time.

Another mandatory indicator of maize seed
quality is laboratory germination, which is deter-
mined according to the method of DSTU 4138 (sec-
tion 7). Experiments have shown that the germina-
tion rate of maize seeds determined by this method
differs significantly from the field germination rate,
which is usually much lower. The decrease in field

germination to laboratory germination was 20-30 %
and more in our experiments, depending on certain
factors that occurred in the field: soil temperature
and moisture content, depth of seeding, damage deg-
ree of seeds by field diseases and pests (Table 2). In
addition, the laboratory germination of standard
seeds determined according to DSTU 4138 was
weakly correlated with their productivity, with
yields varying within 5.66-7.54 t/ha. At the same
time, other methods of germination assessment (cold
test, seed vigour) show their greater accuracy and
correlation between sowing qualities and yield pro-
perties of maize seeds.

A new method of determining the growth

Table 2. Laboratory assessment of seed quality and its relationship with field
germination and yield of maize hybrids, 2017-2021

Laboratory assessment Field assessment
seed germination, % growth vigour
seedling 100 _shoot germination, _ grain
DSTU method cool test % ’ weight, % yield, t/ha
g

92-100 70-80 81-85 25.2-27.3 65-75 5.66-6.70
(standard) 80-86 85-90 28.1-29.8 75-85 6.63-7.10
86-91 90-92 30.1-30.4 85-90 7.01-7.54

vigour was studied, which consisted in selecting
strong seeds with sprouts of 5 c¢cm and more in
length. Such seeds germinate rapidly in the field and
form uniform seedlings at different seeding depths.
In the experiments, the effect of growth vi-
gour on laboratory and field germination of maize
seeds and their yield was determined (Table 3). It

was found that the growth vigour of 85-90 % in-
creased the field germination of seeds by 8-13 %,
and the yield by 0.30-0.85 t/ha compared to the
growth vigour of 69-76 %. Also, a high correlation
between growth vigour and field germination of
seeds was found, the difference between them was
2-9 %, depending on the maize hybrids.

Table 3. Dependence of field germination and yield on growth vigour of maize hybrid seeds, 2022-2023

Hybrid Growth vigour, Germination, % _ Grain yield,
% laboratory field t/ha
72 94 70 7.60
DB Khotyn 85 94 80 7.90
89 96 82 7.98
LSDgs, 3.5 0.15
70 95 72 7.54
DN Khortytsia 76 96 80 7.70
88 96 85 7.88
LSDgs, 4.1 0.13
69 92 78 6.21
DN Nur 85 95 87 6.93
90 95 88 7.06
LSDgs, 3.8 0.29

The main indicator of seed quality — laborato-
ry germination — does not fully characterise the field
germination and yield of maize hybrids. For examp-
le, standard seeds with a laboratory germination of
92-96 % had field germination of 70-88 % and
yields of 6.21-7.98 t/ha, depending on the hybrids.
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The laboratory parameters that may also affect
the seed germination of maize hybrids in the field
include seed uniformity. It was found that seeds with
91% or more seed uniformity have high field germi-
nation and a short period of ‘sowing — full seedlings’
(Table 4).
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Table 4. Impact of seed uniformity of maize hybrids on their field germination

and duration of the period ‘sowing — full seedlings’, 2020-2021

Seed uniformity, Field germination ‘sowing—full seedling’ period, days
% 2020 2021 average 2020 2021 average
91 and more 86-88 82-86 86 8-9 11-12 10
81-90 84-87 80-85 84 9-11 11-13 11
70-80 79-85 75-82 80 12-16 14-18 15

At 70-80 % seed uniformity, field germina-
tion of seeds decreased by 4-6 %, and the period
from sowing to full seedlings increased by 4-5 days.
The decreased field germination of seeds with in-
creased period of ‘sowing — full seedlings’ can be
explained by two factors: the negative impact of soil
pathogens and insufficient amount of productive soil
moisture as the upper soil layers dry up.

Based on the experimental data, we propose a
new index of seedling emergence of maize hybrids.
This index is determined by the relationship of the
final field germination to the period ‘sowing — full
seedlings’ and indicates the intensity of seedling
emergence. The daily emergence of seedlings in the
experiments averaged about 9, 8 and 5 % with 91 %
more, 81-90 % and 70-80 % more uniformity, res-
pectively.

Conclusions. According to the national certi-
fication system, the maize seed quality is monitored
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AKTYaJIBHiCTB. SIKiCTh HACIHHS KyKYPY/[A3H, IO TOTYETHCS AJIsl CiBOM, BU3HAYAETHCS 33 CTAaHIApTH30-
BaHUMH IOKa3HUKAaMH, SIKi HE MOBHICTIO XapaKTepH3ylOTh MOCIBHI i BpOKaiHI BIAacCTHBOCTI riOpuuiB. Y
3B 53Ky 3 UM YCKJIAJHIOIOTHCSI PO3PAXyHKU HOPMH BHCIBY HACIHHS, HOPYIIY€EThHCS IUIaHYBaHHS ONTHMAaJlb-
HOI TYCTOTH CTOSHHS pociuH. MeTa po60TH — MOCTIAWTH 1 BCTAHOBHUTHU JIAOOPATOPHI MOKA3HUKHU SIKOCTI
HACiHHS KyKypyI3d 3 OinbII BUCOKMM piBHEM KOpENAlii BiTHOCHO IOJLOBOI CXOXOCTi 1 BpPOXKaMHOCTI.
MeTtoau — 1a00paTOPHO-TIONBOBI TOCTIM 1 CTATUCTUYHO-MATEMaTHYHi, y JTabOpaTOpHUX JOCHTiJaX BUBYA-
FOTHCS TIOKA3HUKH SIKOCT1 HACiHHA 1 METOIM IX BU3HAUCHHS, Y MOJBOBUX JOCHiJaX BCTAHOBIIOETHCS BILIUB
MOKa3HHKIB Ha CXOXKICTh 1 BpOXKaiHicTh riopuaiB kykypyasu cenekuii Y I3K HAAH. Pe3syabsrar. Busiie-
HO MMOKAa3HUKH, K1 3HAYHIUM YHMHOM BILIMBAIOTh HA TIOCIBHI 1 BpoXkaiiHi BIACTUBOCTI HACiHHS TiOpUIIB KyKy-
PYyI3H, 0 HUX CIIiJ] BITHECTH CXOXKICTh 32 XOJIOJHUM MPOPOIIYBaHHIM, CHITy POCTY 1 BUPIBHAHICTB. Po3p00-
JIEHO METOAW BHW3HAYCHHS BiIMIUYEHHX ITOKAa3HUKIB: CXOXKICTh — 3a IMapaMeTpaMH MOJEIIOBAHHS YMOB
nepiony ,,ciB0a — cXoAau’’; cuiIa POCTY — 3a KUIBKICTIO HACiHWH i3 JTOBKMHOIO POCTKIB 5 cM 1 Oifblie;
BHPIBHSHICTh — 32 MacOI0 HACIHWH Ha JBOX CYMDKHHX CHTaX IUIIXOM cemapyBaHHS. TakoX yZOCKOHAJIEHO
YUHHAA METOJ] BU3HAYEHHS BOJIOTOCTI HACIHHS NUISIXOM 3MiHH €KCIIO3WIli TEIUIOBOTO BHCYITYBaHHS.
BucnoBku. HoBi MOKa3HUKY SKOCTI HACIHHS MalOTh piBeHb Kopersuii B Mexax 0,6—0,75 BiAHOCHO MOIBLOBOT
CXO’KOCTI TIOpUIB KYKYPY3H 1 MOKYTh 3aCTOCOBYBAaTHCh B Ipoliecax ix 30MpaHHs1, 0OpoOKH 1 30epiraHHs, a
METOJI! — B CHCTeMi cepThdikaiii mociBHOTO Martepiaiy, SK TaKi, IO MiJBUIIYIOTh 1 PO3UINPIOIOTH PiBEHBb
aHaJII3yBaHHs 1 MPUAATHOCTI HACIHHS JUIS CIBOH.

Knrouoei cnosa: nacinms 2ibpudie KyKypyosu, NOKA3HUKU SIKOCTI, MEMOOU 8USHAYEHHS, cepmu@ixayis
nocieHo2o mamepiany
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