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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 1411111, HOL-1 1411211, DKS346 114, DINAR346 141, HOL-19 and disaccha-

rides (sucrose, lactose, maltose) in HOL-1 1411211, SVAN1212 123, 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 141, HOL-1 1411511 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.  

Key words: sweet corn, line, sugar content, seed productivity, grain taste 
 

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 

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; B2 (riboflavin) 

is part of flavin mononucleotide (FMN) and 

flavin adenine dinucleotide (FAD), which are 

mainly required for metabolism; B6 (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 4–7. 

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 

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 
 

Lines 

Plant height, cm Ear insertion height, cm 

2019 2020 x  ** 2019 2020 x ** 

HOL-1 1411111 142.0 167.5 155.6 32.0 58.5 46.8 

HOL-1 1411211 159.0 192.0 173.6 54.5 77.0 65.5 

HOL-1 1411511 149.0 185.5 157.3 47.5 66.5 55.6 

HOL-4 1411141 150.0 199.5 166.9 41.0 64.0 49.5 

DKS346 114 161.5 207.5 189.5 58.5 78.0 71.9 

(DK346С *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 

СВAN1212 123 158.0 185.5 165.2 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 0.05 where, m - the error of the 

arithmetic mean, t0.05 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 

 

No. Lines 
Ear length, 

cm 

Ear  

diameter, 

cm 

Number  

of kernel 

row, pcs 

Number of 

kernels per 

row, pcs  

Ear 

weight, g 

Grain 

weight per 

ear 

1 HOL-1 1411111 14.7 3.3 12 24 67.4 40.4 

2 HOL-1 1411211 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 СВAN1212 123 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 0.05 where, m - the error of the 

arithmetic mean, t 0.05 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 123 – 48.6 g, 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 

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, 

mg, % 

Monosaccha-

rides, mg, % 
Disac-

charides 

Sucrose, 

mg, % 

  Ratio of monosaccha- 

rides to sucrose 

1 HOL-1 1411111 18.1 7.0 11.0 3.8 1.8 

2 HOL-1 1411211 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 141 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 СВAN1212 123 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 0.05 where, m – the error            

of the arithmetic mean, t0.05 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 (19.5 %) and DKS346 114 (18.5 %), 

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 1411211, DKS346 114,       

DINAR346 141, HOL-19 and disaccharides (su-

crose, lactose, maltose) in HOL-1 1411211, 

СВAN1212 123, 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. 

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  



 

Grain Crops. Vol. 6. No. 2. 2022. P. 37–42                                https://doi.org/10.31867/2523-4544/0230                    41  

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 

1411141 and HOL-19, which will be further in-

volved in the sweet maize breeding programmes 

to develop competitive high-yielding hybrids 

with high sugar content in grain, improved taste 

and technological qualities. 
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жайність, придатні до механізованого збирання качанів, стійкі до основних хвороб та шкідників, а 

також характеризуватися високими технологічними якостями зерна. Ефективне рішення цих задач в 

значній мірі залежить від знання морфологічних і біологічних особливостей та правильно підібраного 

вихідного матеріалу (самозапилених ліній) Мета. вивчення морфологічних і біологічних особливо-

стей ліній кукурудзи цукрової. Матеріали і методи. Візуальний – фенологічні спостереження; 

лабораторно-польовий – визначення морфо-біологічних ознак рослин; вимірювально-ваговий – 

визначення врожайності та метричних ознак рослин; математично-статистичні – визначення 

достовірності результатів, показників варіабельності ознак, кореляційної залежності ознак; 

дисперсійний аналіз; комплексне оцінювання морфо-біологічних та господарсько-цінних 

характеристик інбредних ліній. Результати. Проведений аналіз складу цукрів у досліджуваних 

зразків виявив високий вміст моноцукрів (глюкоза, фруктоза та ін.) у ліній ГОЛ-1 1411111, ГОЛ-1 1411211, 

ДКС346 114, DINAR346 141, ГОЛ-19 та дицукрів (цукроза, лактоза, мальтоза) у ГОЛ-1 1411211, 

СВAN1212 123, ГОЛ-19. Ці показники важливі при глибокій переробці цукрової кукурудзи для 

харчової промисловісті у вигляді самостійного продукту і в якості одного з компонентів, що входять 

до складу кулінарних виробів. Їх використовують для виготовлення солодощів, напоїв (солодких і 

алкогольних), соусів. Низький рівнем вмісту сахарози мали лінії: DINAR346 141, ГОЛ-1 1411511 – 3,7 та 

4,6 % відповідно. Висновки. За результатами досліджень селекційного матеріалу кукурудзи цукрової 

визначено самозапилені сім’ї з високими смаковими якостями (7 балів): ГОЛ-1 1411111, ГОЛ-1 1411211, 

ДКС346 114, ГОЛ-4 1411141 та ГОЛ-19, які в подальшому будуть залучені в програми селекції кукурудзи 

цукрової зі створення конкурентоспроможних високоврожайних гібридів з високим вмістом цукрів у 

зерні, підвищеними смаковими і технологічними якостями. 

Ключові слова: цукрова кукурудза, лінія, вміст цукрів, насіннєва продуктивність, смакові 

якості зерна 

 


