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УРОЖАЙНОСТЬ И КОРМОВЫЕ КАЧЕСТВА ТРИТИКАЛЕ  
В СМЕШАННЫХ ПОСЕВАХ С ВЫСОКОБЕЛКОВЫМИ КУЛЬТУРАМИ
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Представлены результаты полевых и лабораторных исследований по возделыванию три-
тикале в смешанных посевах с высокобелковыми культурами. Исследования выполнены в 
2015–2017 гг. на лугово-черноземной мучнисто-карбонатной почве, по гранулометрическому 
составу – легкий суглинок, в лесостепной зоне Забайкалья. Дана оценка тритикале в однови-
довых и смешанных посевах по адаптивности к условиям выращивания, урожайности, пока-
заны хозяйственно ценные признаки данных посевов. Установлена возможность повышения 
урожайности и кормовых качеств агроценозов путем использования тритикале в смешанных 
посевах с высокобелковыми культурами. В среднем за годы исследований по урожайности и 
кормовым качествам смешанные посевы превосходили одновидовые агроценозы тритикале 
по зеленой массе в 1,6–1,9 раза, переваримому протеину в 2,6–3,7 раза. В смешанных посевах 
наилучшие результаты обеспечили тритикале с кормовыми бобами, урожайность зеленой мас-
сы составила 40,5 т/га, сухого вещества – 5,70 т/га, содержание кормовых единиц – 4,67 т/ га, 
переваримого протеина – 785 кг/га, обменной энергии – 57,6 ГДж/га. Обеспеченность одной 
кормовой единицы переваримым протеином – 168 г. Смешанные посевы тритикале с кормо-
выми бобами увеличили продуктивность в сравнении с одновидовыми посевами по урожай-
ности зеленой массы в 1,3–1,9 раза, сухого вещества в 1,4–1,9, по сбору кормовых единиц 
в 1,4–2,0, валовой энергии в 1,5–2,0 раза. Все культуры устойчивы по засухе и полеганию. 
Отмечено отсутствие пораженности тритикале вредителями и болезнями.
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The results of field and laboratory studies on the cultivation of triticale mixed with high-protein 
crops are presented. The study was carried out during the period of 2015-2017 on meadow chernozem 
mealy-carbonate soil, light loam by granulometric composition, in the forest-steppe zone of Trans-
Baikal Territory. The assessment of triticale in single-species and mixed crops for adaptability to 
growing conditions and yield is given. Economically valuable traits of these crops are shown. The 
possibility of increasing the yield and feed qualities of agrocenoses by sowing triticale with high-
protein crops was established. On average, over the years of research, mixed crops outperformed 
single-species triticale agrocenoses in terms of yield and feed quality, green mass by 1.6-1.9 times, 
digestible protein by 2.6-3.7 times. In mixed crops, triticale with fodder beans provided the best 
results, the yield of green mass was 40.5 t/ha, dry matter – 5.70 t/ha, feed units – 4.67 t/ha, digestible 
protein – 785 kg/ha, exchange energy – 57.6 GJ/ha, availability of digestible protein per one feed 
unit – 168 g. Triticale crops mixed with fodder beans increased productivity compared with single-
species crops in terms of green mass yield by 1.3-1.9 times, dry matter by 1.4-1.9 times, feed units 
by 1.4-2.0 times, gross energy by 1.5-2.0 times. All crops are resistant to drought and lodging. The 
absence of pest and disease infestation in triticale was noted.
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INTRODUCTION  

 The creation of a solid fodder base for full-
value feeding of farm animals and an increase 
in their productivity requires an increase in the 
production of all types of fodder and an im-
provement in their quality1,2 [1–13]. 

 A significant role in the sustainable produc-
tion of high-quality fodder is assigned to the 
creation of highly productive agrocenoses from 
bluegrass crops and their mixtures, adaptive to 
growing conditions. A properly selected set of 
crops in agrocenoses provides optimal density 
and density of the stand, formation of layering, 
the most even use of plant life factors (mois-
ture, light, nutrients), allows to form high yields 
of vegetative mass and increase the nutritional 
value of feed. 

Of the bluegrass crops cultivated in Trans-
baikalia, triticale, a new culture for the region, 
is of great importance. It has increased resis-
tance to drought and shedding of grain, is an 
alloploid that combines the high productiv-
ity of wheat and the adaptive resistance of rye 
to adverse conditions and diseases. 100 kg of 
green mass contains 22–25 k. Units, 2.3–2.7 kg 
of digestible protein. Grain and bran are used 
for fodder as a high-protein and high-lyzin feed 
for livestock and poultry. Fodder varieties of 
triticale yield up to 500-600 centners of green 
mass  / ha. Triticale is a promising crop the use 
of which can increase the production of feed 
and grain in Transbaikalia [8–9]. 

Mixed crops of cultivated plants have been 
widespread since ancient times; they make 
it possible to effectively use agroclimatic re-
sources due to the formation of highly produc-

tive agrocenoses [14]. It has been proven that 
mixtures of triticale with annual high-protein 
crops provide the richest in protein and better 
eaten by animals [15, 16]. 

 The listed nutritional qualities in combina-
tion with high yield in mixed crops determine 
the great importance of triticale for strengthen-
ing the fodder base in animal husbandry of the 
Trans-Baikal Territory [2, 8–10, 17].

 The aim of the research is to evaluate the 
effectiveness of using triticale in mixed crops 
with high-protein crops to increase the produc-
tivity and nutritional value of fodder agroceno-
ses.

MATERIAL AND METHODS 

The studies were carried out in 2015–2017. 
on the fields of the Research Institute of Veteri-
nary Medicine of Eastern Siberia - a branch of 
the Siberian Federal Scientific Center of Agro-
biotechnology of the Russian Academy of Sci-
ences, located in the Ingodinsko-Chita forest-
steppe of the Trans-Baikal Territory. 

The climate of the zone is sharply conti-
nental with little snow, cold winters, hot sum-
mers and a lack of precipitation. The frost-free 
period lasts 90–110 days. The sum of positive 
temperatures above 10 ° С is 1500–1800 °. The 
annual amount of precipitation is 330-380 mm, 
their main amount (85-90%) falls in the warm 
period, the maximum - in July - August, the 
minimum - in May – June.

During the years of research, the weather 
conditions during the growing season were dif-
ferent. Growing seasons (April - September) 
2015, 2016 are marked as typical of the forest-

1Pirjo A., Pentti A., Pekka H. et al. Dairy cow feeding. Vantaa: Union of centers "ProAgria", 2009. 127 p. 
2Vasina N.V., Bordyugovskaya A.V. Fodder productivity of the culture of mixtures of early sowing at different levels of 

mineral nutrition // Advances in science to the agro-industrial complex. Samara, 2014. pp. 16-19.
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steppe zone of Transbaikalia showing 270.2; 
194.7 mm of precipitation with an average long-
term norm of 276 mm. The average monthly air 
temperature for these periods was 11.2; 11.4 
°C with an average long-term rate of 11.2 °C. 
Hydrothermal coefficients (HC) of the growing 
seasons were (0.9; 0.7, respectively). The dis-
tribution of precipitation over the months of the 
growing seasons was uneven; in some periods, 
high air and soil temperatures were recorded. 
The growing season of 2017 was characterized 
by increased moisture supply. Total precipita-
tion was 317.6 mm from April to September. 
The deviation from the average long-term indi-
cator (276.0 mm) was 41.6 mm, or 15.1%. The 
average daily air temperature during the grow-
ing season did not exceed 15.4 °C.

 In general, the climatic conditions created 
during the years of research allowed the plants 
of the studied crops to realize their maximum 
productive potential and form a sufficiently 
high yield of fodder mass, which indicates their 
adaptability to the extreme conditions of the 
Trans-Baikal Territory. 

The soil of the experimental site is meadow 
chernozem mealy-carbonate, the granulometric 
composition is light loam. The reaction of the 
soil solution of the arable horizon is weakly 
acidic, the subsoil one is neutral. The amount of 
organic matter in the 0–20 cm layer is 3.67%, 
total nitrogen 0.3%. The availability of mobile 
phosphorus is low, exchangeable potassium is 
average.

The area of the sowing plot is 100 m2, ac-
counting for forage purposes is 25 m2, the rep-
lication is fourfold, the location of the plots is 
consistent.

The agrotechnology for the cultivation of 
fodder crops is common in the zone [18]. Min-
eral fertilizers under triticale and fodder beans 
were introduced under pre-sowing cultivation 
at the rate of N60P60R60, under spring rapeseed 
and oil radish they were introduced fractionally 
- under pre-sowing cultivation N60P41K60 and 

P19 during sowing. Sowing of fodder crops was 
carried out at the optimal recommended time 
(second half of May) in an ordinary way using 
a CH-16 seeder with a seeding rate: triticale 
4.0-4.5 million germinating seeds / ha, spring 
rapeseed 3.0, oil radish 3.0, fodder beans 1.2 
million germinating seeds / ha. The composi-
tion and seeding rate of crops in two-compo-
nent mixtures: triticale - 70%, spring rapeseed, 
oil radish, forage beans - 50%. Seeding depth: 
triticale 5–8 cm, spring rape 2–4, oil radish 3–4, 
forage beans 6–8 cm. Sowing of fodder crops 
mixtures was carried out in one pass of the 
seeder. The recording of the green mass yield 
was determined by a continuous method from 
an area of ​​25 m2. 

The objects of research are zoned varieties 
of the studied crops: triticale Ukro, spring rape-
seed Spar, oil radish Tambovchanka, Siberian 
fodder beans. 

The experimental work was carried out in 
accordance with the guidelines for conducting 
field experiments with fodder crops, accompa-
nied by laboratory field observations 3-6. 

The crop data was statistically processed by 
analysis of variance according to R.A. Fischer 
as presented by B.A. Dospekhov (see foot-
note 4). The analysis of plant samples was car-
ried out in the agrochemical laboratory of the 
Institute according to generally accepted meth-
ods.

RESULTS AND DISCUSSION 

The research results showed that the studied 
crops reacted differently to the soil and climatic 
conditions of growth. The period from sowing 
to germination for the studied crops was 10–
15 days. The period of germination - budding in 
cabbage crops is 26–37 days, for forage beans - 
36 days. The period of shoots - tillering of triti-
cale - 12 days, shoots - heading - 42; seedlings 
- flowering of triticale - 58, spring rapessed and 
oilseed radish - 37–46, fodder beans - 52 days 
(see Table 1). 

3Methodology for conducting field experiments with fodder crops. M., 1983.197 p. 
4Dospekhov B.A. Field experiment technique. M., 1985.351 p. 
5Experimentation in field cultivation. Moscow: Rosselkhozizdat, 1982.190 p. 
6Methodology for state variety testing of agricultural crops. Moscow: Kolos, 1985.267 p.
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According to the assessment of the reac-
tion to drought, provided for by the method, 
the main criterion of which is yellowing of the 
basal leaves and loss of turgor, all studied crops 
are drought-resistant, at the same time respond 
well to moisture supply. 

The observations of the linear growth of the 
studied crops showed that the most intensively 
developed crops during the growing season 
were triticale and spring rapeseed plants, in 
which the height to mowing maturity was 120 
cm. Samples of oilseed radish and fodder beans 
had a height of 114– 116 cm. Insignificant mu-
tual suppression and decrease in plant height 
by 2–18 cm in comparison with single-species 
crops was observed in multi-species crops. (see 
Table 2). 

The determination of plant foliage in triti-
cale showed that plant foliage in mixed crops 
was 2–4% inferior to single species. The largest 
leafiness - 53–57% in single-species and mixed 
crops was obtained for triticale and fodder 
beans, the smallest - 43–46% for spring rape-
seed and oil radish. 

In the course of research, it was found that 
the productivity of triticale, spring rapeseed, oil 

radish and fodder beans in single-species and 
mixed crops is different (see Table 3). 

The studies have shown various patterns of 
growth, development, formation of yield and 
nutritional value of the studied crops in agro-
cenoses depending on the type of crops and the 
method of sowing. 

Favorable conditions of heat and moisture 
supply and nutritional regime during the years 
of research had a positive effect on the pas-
sage of physiological processes in plants and 
contributed to the formation of elements of 
the structure of the yield and yield according 
to the variants of the experiment (see Tables 
2,  3). The maximum yield of green and dry 
mass was obtained in the variant of triticale + 
fodder beans (40.5 and 5.7 t / ha). This variant 
exceeded the mixture of triticale with spring 
rapeseed and oilseed radish by 5.4–7.2 and 
1.45–1.50 t / ha. The lowest yield of green mass 
(20.8 t / ha) and dry matter (3.0 t / ha) was ob-
tained when sowing triticale in single-species 
sowing. One-species sowing was inferior in 
terms of these indicators to mixed sowings of 
triticale with high-protein crops, respectively, 
by 12.5–19.7 and 1.20–2.70  t  /   ha. So, in the 
mixed sowing of triticale + fodder beans, a 
higher yield of fodder units of 4.67 t / ha, of 
digestible protein - 785 kg / ha, gross energy - 

Табл.  2 .  Высота и облиственность растений в 
агроценозах (в среднем за 2015–2017 гг.)
Table 2.  Height and leaf formation of plants in 
agrocenoses (on average for 2015–2017)

Culture Stem height, cm Leaf formation, 
%

Tritiсale 120 57

Spring rapeseed 120 45

Oilseed radish 116 46

Fodder beans 114 56

Tritiсale +  
spring rapeseed 

107
102

53
43

Tritiсale +  
oilseed radish 

110
114

54
44

Tritiсale +  
fodder beans 

115
110

53
54

Табл.  1 .  Продолжительность межфазных 
периодов, дни (среднее за 2015–2017 гг.)
Table 1.  Duration of interphase periods, days 
(on average for 2015-2017) 

Option

Period

sow-
ing – 

germi-
nation

germi-
nation 
– bud-
ding

germi-
nation 
– tiller-

ing

germi-
nation 
– head-

ing

germi-
nation – 
flower-

ing 

Tritiсale 15 – 12 42 58

Spring rapeseed 11 37 – – 46

Oilseed radish 10 36 – – 37

Fodder beans 15 36 – – 52

Tritiсale +  
spring rapeseed 

15
11

–
37

12
–

42
–

58
46

Tritiсale +  
oilseed radish 

15
10

–
26

12
–

42
–

58
37

Tritiсale + fodder 
beans

15
15

–
36

12
–

42
–

58
52
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57.6 GJ / ha was obtained with the provision of 
one fodder unit with digestible protein of 168 g.

CONCLUSIONS 

1. In the forest-steppe zone of the Trans-Bai-
kal Territory, the maximum fodder productiv-
ity is formed by agrocenoses of mixed crops of 
triticale with fodder beans. As a result of the re-
search, the following indicators were achieved: 
the yield of green mass 40.5 t / ha, the collection 
of feed units 4.67 t / ha, the amount of digest-
ible protein 785 kg / ha, gross energy content 
57.6 GJ / ha with provision of digestible protein 
168 g / ha. to. units.

2. Mixed crops of triticale with fodder beans 
increased productivity in comparison with sin-
gle-species crops of triticale in terms of collec-
tion of feed units by 2.0 times, digestible pro-
tein by 3.7 times, and gross energy by 2.0 times.
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