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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 

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 

Method of analysis 

Conditions of analysis Seed  

moisture 

content, % hybrid kernel type 
milling, s 

drying time, 

min 

DN Olena dent 

DSTU 4138 60 40 11.4 

GOST 13586.5 60 60 10.5 

modification 30 40 11.5 

modification 30 60 10.4 

DN Patriot flint-dent 

DSTU 4138 60 40 11.0 

GOST 13586.5 60 60 10.3 

modification 30 40 11.5 

modification 30 60 10.6 

DN 

Meotyda 
flint-dent 

DSTU 4138 60 40 11.6 

GOST 13586.5 60 60 10.7 

modification 30 40 11.9 

modification 30 60 11.0 

LSD05, % (W)    0.2 
 

The effect of the duration (30 and 60 s) of 

milling the sample weight in the analysis of seed 

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 

germination, 

% 

grain 

yield, t/ha DSTU method cool test 
seedling, 

% 

100 shoot 

weight, 

g 

92–100 

(standard) 

70–80 81–85 25.2–27.3 65–75 5.66–6.70 

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 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, 

t/ha laboratory field 

DB Khotyn 

72 94 70 7.60 

85 94 80 7.90 

89 96 82 7.98 

LSD05,    3.5 0.15 

DN Khortytsia 

70 95 72 7.54 

76 96 80 7.70 

88 96 85 7.88 

LSD05,   4.1 0.13 

DN Nur 

69 92 78 6.21 

85 95 87 6.93 

90 95 88 7.06 

LSD05,   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. 

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 

by indicators and determined by the methods set out 

in the current Ukrainian standards. However, this 

assessment does not ensure an accurate prediction of 

seed germination and yield. For this reason, we have 

researched and developed a number of indicators 

and their determination methods with a higher level 

of correlation with the sowing and yielding proper-

ties of maize hybrid seeds. The indicators should 

include seed germination after cold germination, its 

growth vigour and seed uniformity, with a correla-

tion coefficient with field germination of 0.6–0.75, 

depending on the hybrids. The method for determi-

ning seed moisture content has also been improved, 

which allows for a more accurate determination of 

the moisture content of maize seeds. The proposed 

new indicators and methods are recommended to 

apply as additional ones during the seed certification 

process and at the request of both producers and 

consumers of maize seeds. 
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Актуальність. Якість насіння кукурудзи, що готується для сівби, визначається за стандартизо-

ваними показниками, які не повністю характеризують посівні і врожайні властивості гібридів. У 

зв’язку з цим ускладнюються розрахунки норми висіву насіння, порушується планування оптималь-

ної густоти стояння рослин. Мета роботи – дослідити і встановити лабораторні показники якості 

насіння кукурудзи з більш високим рівнем кореляції відносно польової схожості і врожайності.  

Методи – лабораторно-польові досліди і статистично-математичні, у лабораторних дослідах вивча-

ються показники якості насіння і методи їх визначення, у польових дослідах встановлюється вплив 

показників на схожість і врожайність гібридів кукурудзи селекції ДУ ІЗК НААН. Результат. Виявле-

но показники, які значним чином впливають на посівні і врожайні властивості насіння гібридів куку-

рудзи, до них слід віднести схожість за холодним пророщуванням, силу росту і вирівняність. Розроб-

лено методи визначення відмічених показників: схожість – за параметрами моделювання умов 

періоду „сівба – сходи”; сила росту – за кількістю насінин із довжиною ростків 5 см і більше; 

вирівняність – за масою насінин на двох суміжних ситах шляхом сепарування. Також удосконалено 

чинний метод визначення вологості насіння шляхом зміни експозиції теплового висушування.  

Висновки. Нові показники якості насіння мають рівень кореляції в межах 0,6–0,75 відносно польової 

схожості гібридів кукурудзи і можуть застосовуватись в процесах їх збирання, обробки і зберігання, а 

методи – в системі сертифікації посівного матеріалу, як такі, що підвищують і розширюють рівень  

аналізування і придатності насіння для сівби.  

Ключові слова: насіння гібридів кукурудзи, показники якості, методи визначення, сертифікація 

посівного матеріалу 

 

 

 


