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 Maize cropping technology during the last decades was improved and breeders created many high-yielding 
maize hybrid varieties. There has not been the same level of success with improving maize grain quality, 

especially crude protein content. This work aimed to study promising hybrid varieties and inbred lines of 

maize with high grain crude protein content for involvement in the breeding process. Four commercial 
hybrid varieties, FAO 300 to FAO 600, four new experimental hybrids and six inbred lines of maize were 

tested for crude protein content in grain, crude protein yield and grain yield. Kneja 435 from the commercial 

hybrid varieties was found to have a relatively high grain yield and the highest crude protein yield. It is very 
suitable for the production of animal feed. №12 (CM 5625 x ХМ 88/113 о2) from the experimental hybrids 

is considered promising due to the high protein content and adequate grain yield. It is recommended to be 

used for high crude protein selection. B 311 and CM 5625 maize inbred lines had high grain crude protein 
content and, along with the established line HM 532 BC, can be used in the selection for the creation of 

high-protein maize hybrids. These findings are a contribution to the breeding process of maize. 
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1. Introduction  

During the last decades, maize grain production has had 

significant achievements in Bulgaria. That success was due to 

cropping technology improvements, as well as to purposeful 

selection based on the heterosis effects that are manifested 

after crossing inbred lines [1, 2]. The average yields of maize 

varied around 424.0 - 554.0 kg/da, respectively, in 2002 and 

2004, and they significantly increased to 768.2 kg/da in 2014 

due to meteorological conditions and improved cropping 

technology. In addition to high productivity, the nutritional 

composition of the grain is also important. Crude protein 

content of the most common hybrid varieties varied from 8 to 

11% and very rarely over 12%. The issue of increasing the 

crude protein content of maize grain through breeding has 

long been studied [3]. 

The creation of new maize hybrid varieties with high 

grain protein content is a goal for many breeders [4-8]. Using 

exotic germplasm, breeders have developed lines with high 

variability in crude protein content [9], but a negative 

correlation was found between grain yield and crude protein 

content in maize [10]. Creating a new maize hybrid with both 

adequately high grain yield and high crude protein content is 

a great challenge [11]. 

This work aimed to study promising hybrid varieties 

and inbred lines of maize with high grain crude protein 

content, thus involving them in the breeding process for new 

hybrids with high grain protein content and acceptable grain 

yield. 
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2. Materials and Methods 

Field trials were carried out in the experimental field of 

Maize Research Institute – Kneja, Bulgaria (2021). The block 

design method was used; the plot size was 10 m2, 3 times 

replicated. The soil type was typical chernozem with water-

soluble nitrogen of 35.6 mg/1000 g in the soil solution before 

sowing. Common technology for maize growing was applied 

to a wide row crop of 70 cm and a seed density of 5800 

plants/da. Nitrogen fertilizer at a rate of 4 kg/da active 

substance was applied with sowing. It was applied to 

stimulate the initial development of the plants but did not 

affect the crude protein content. Plants were harvested 

simultaneously at 15-16% grain moisture, and then the yields 

were calculated at standard storage moisture (14%). 

Representative grain samples were taken from each 

replication to determine crude protein content of the hybrids 

and inbred lines tested. Three groups of maize were used –

commercial hybrids (Kneja 310, 435, 561 and 683A), 

experimental hybrids [№10 (XM 532 BC - CM 5625), №12 

(CM 5625  х  ХМ 88/113 о2), № 17(S 144 о2 - СSH 732 о2) 

and №29 (СМ 5625 - В 311) and 6 inbred lines (ХМ 532 ВС, 

СМ 5625, В 311, ХМ 88/113 о2, S 144 o2 and СШ 732 о2)  

The content of crude protein was determined according to 

Kjeldahl method (CP=N x 6.25) [12]. Crude protein yield 

(kg/da) was determined by multiplying the grain yield (kg/da) 

and protein content (%). Experimental data were processed 

using ANOVA for MS Excel (2010) for Windows XP and the 
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computer software STATGRAPHICS Plus for Windows 

Version 2.1. 

3. Results and Discussion 

The maize vegetation period of 2021 was characterized 

as relatively favorable (Fig. 1), with relatively frequent rains 

in May and June and monthly precipitation amounts of 82.0 

and 95.4 mm/m2, respectively.  

July and August were characterized by an increase in 

the average daily temperature and a decrease in precipitation 

(34.9 and 56.9 mm/m2). There was only one precipitation 

event on July, 20th (34.9 mm/m2). It had a favorable effect on 

the realization of the biological potential of maize, to a certain 

extent. The grain crude protein content of commercial hybrid 

varieties entered in the Official Bulgarian variety list, 

promising experimental hybrids and inbred lines of maize are 

given in Table 1. 

 

Fig. 1 Meteorological conditions during vegetation period 

of maize 

Table 1. Crude protein content in commercial Bulgarian 

hybrid varieties, experimental new hybrids and inbred lines 

Assessments 
Crude protein, 

% 
Standard 
deviation 

CV% 

Commercial and new experimental hybrids  

Кneja 310       (FAO 300) 10.31 ± 0.78 7.57 

Кneja 435       (FAO 400) 12.76 ± 0.34 2.66 

Кneja 561       (FAO 500) 9.17 ± 0.66 7.20 

Кneja 683А    (FAO 600) 12.57 ± 0.49 3.90 

10 (XM 532 BC - CM 

5625) 
14.30 ± 0.38 

2.66 

12 (CM 5625 - ХМ 
88/113 о2) 

14.34 ± 0.41 
2.86 

17 (S 144 о2 - СSH 732 

о2) 
8.56 ± 0.37 

4.32 

29 (СМ 5625 - В 311) 13.34 ± 1.05 7.87 

Average 11.92   

LSD 5% 0.68   

Inbred lines  

ХМ 532 ВС 17.25 ± 0.27 1.57 

СМ 5625 16.55 ± 0.38 0.23 

В 311 16.92 ± 0.19 1.12 

ХМ 88/113 о2 12.25 ± 0.27 2.20 

S 144 o2 10.92 ± 0.37 3.39 

СШ 732 о2 14.15 ± 0.19 1.34 

Average 14.67   

LSD 5% 0.39   

Crude protein content in the two groups of plants 

(hybrids and inbred lines) strongly varied. For example, the 

hybrid varieties Kneja 310 and 561 showed low protein 

content - 10.31 and 9.17%, respectively. Kneja 435 and 683A 

had high values of this characteristic (12.76 and 12.57%, 

respectively). In Bulgarian practice, Kneja 435 is among the 

most common maize hybrids used for grain, and Kneja 683A 

for silage production. 

From the new experimental hybrids, those with both 

high crude protein content and corresponding grain 

productivity were selected. Varieties with high protein 

content were №10, 12 and 29 (14.30, 14.34, and 13.34%, 

respectively), and with a low value was №17 (8.56%). The 

inbred lines are parental components of experimental hybrids. 

Three of them belong to the OPAQUE 2 mutant type. Their 

crude protein content was lower compared to other normal 

lines and varied from 10.92% for S 144 o2 to 14.15% for СШ 

732 о2. 

Other lines had a higher content of crude protein (more 

than 16%), the highest value belonging to ХМ 532 ВС 

(17.25%). These lines were created in the Maize Research 

Institute – Kneja after treatment of inbred line ОН–43 with 

chemical mutagens [13]. That chemically-modified inbred 

line was used for the creation of Bulgarian high protein hybrid 

variety for grain production Кneja 532 VP in 1982 and Кneja 

633 VP for biomass production in 1986[9, 14]. Inbred lines В 

311 and СМ 5625 also showed high values of protein content 

(16.92 and 16.55%, respectively). 

The CV% values showed that all assessments tested 

were homogenous. This characteristic identified the hybrids 

and inbred lines with high protein content.   

Grain yield is a key indicator of the productivity of 

maize hybrid varieties (Table 2). Yield for the commercial 

varieties increased from 977.7 kg/da for Kneja 310 (FAO 

300) and 1121.6 for Kneja 435 (FAO 400) to 1419.1 for Kneja 

561 (FAO 500). A lower yield was obtained from Kneja 683A 

(FAO 600) compared to representatives of the FAO 400 and 

500 groups. The differences in yields between these varieties 

were statistically significant, excepting Kneja 435 and Kneja 

683A. 

From the selected experimental hybrids, grain yield was 

significantly lower. The grain yield of №17 was 1195.5 kg/da, 

and significantly exceeded the others ranging from 24.0 to 

37.9%. The same was true for Kneja 683A and Kneja 310 by 

11.2 to 22.3%, respectively. 

Crude protein yield is shown in Table 2. It is an 

indicator reflecting the quality of the grain produced. In 

addition, it is important when choosing a hybrid variety for 

the production of concentrated fodder for the needs of animal 

husbandry [8, 14]. It was found that there is a negative 

correlation between the two indicators [4]. The results of this 

study confirm the findings in a number of previous studies 

[15-17].   

The highest grain yield for hybrid varieties was 

obtained from Kneja 561 (1419.1 kg/da), and from №17 for 

experimental hybrids (1195.5 kg/da); however, the crude 

protein content was the lowest (9.17 and 8.56%, respectively). 
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Table 2. Crude protein yield in commercial Bulgarian hybrid varieties and new experimental hybrids 

Assesments 
Grain yield Crude protein 

kg/da % to average contnent, % yield, kg/da % to average 

Commercial hybrid variеties 

Кneja 310       (FAO 300) 977.7 85.1 10.31 101.0 79.3 

Кneja 435       (FAO 400) 1121.6 97.7 12.76 143.1 112.3 

Кneja 561       (FAO 500) 1419.1 123.6 9.17 130.2 102.2 

Кneja 683А    (FAO 600) 1075.6 93.7 12.57 135.3 106.2 

Average 1148.5 100.0  127.4 100.0 

Experimental hybrids 

10 (XM 532BCхCM 5625) 829.2 85.7 14.30 118.6 99.5 

12 (CM 5625  х  ХМ 88/113 о2) 983.3 101.6 14.34 141.0 118.3 

17 (S 144 о2 хСШ 732 о2) 1195.5 123.6 8.56 102.5 86.0 

29 (СМ 5625  х  В 311) 861.7 89.1 13.34 114.6 96.2 

Average 967.4 100.0  119.2 100.0 

LSD 5% 68.4   10.5  

Crude protein yields for these hybrids were intermediate – 

130.2 and 102.5 kg/da, respectively. The result of Kneja 435 

was the highest - 143.1 kg/da and significantly exceeded 

Kneja 561 (by 10.1%). 

The protein yield of experimental hybrids № 10, 12 and 

29 significantly exceeded №17, due to the higher crude 

protein content - over 4%, although they have lower grain 

yields. The crude protein yield of №12 (141.0 kg/da) was 

close to the Kneja 435 hybrid variety and significantly 

exceeded the others. 

4. Conclusion 

Kneja 435 from the commercial hybrid varieties had 

relatively high grain yield and the highest crude protein yield. 

It is very suitable for the production of animal feed. 

№12 (CM 5625 x ХМ 88/113 о2) from the 

experimental hybrids is considered a promising variety due to 

its high protein content and adequate grain yield. It is 

recommended to be used for high crude protein selection. 

The B 311 and CM 5625 maize inbred lines had a high 

grain crude protein content and, along with the established 

line HM 532 BC, can be used in selection for the creation of 

high-protein maize hybrids. 
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