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Abstract
The use of intra-varietal crossing is an important element to increase seed yield and improve a variety. The aim of the 

research was to identify the inf luence of different options of intra-varietal pollination of sweet pepper on seed productivity 
and other quantitative traits.

It has been established, that re-pollination of sweet pepper within the variety in relation to self-pollination causes a 
reduction in the offspring of the period before fruit ripening by 3–7 days. For all options of pollination, there was also a signif-
icant increase in plant height by 7–8 cm, fruit weight by 7–16 g, the number of fruits on a plant by 2–6 units.

Different methods of re-pollination of plants significantly affected fruit productivity, increasing it by 62–106 %, in-
creased seed yield from one fruit by 28 %. Seed productivity of sweet pepper plants increased by 78–163 % when re-pollination 
was used.

Options of using the pollen of different f lowers (from 2–5 other plants) showed the greatest effect. This technique is one 
way to increase the yield of sweet pepper seeds.
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1. Introduction
Sweet pepper (Capsicum annuum L.) is the main vegetable crop, which has not only 

high taste, dietary and nutrients, but also a high content of vitamins, including vitamin C (up to 
400 mg/100 g) [1]. Also, fruits of this culture contain other valuable vitamins – β-carotene (pro-
vitamin A), rutin (vitamin P), thiamine (В1), riboflavin (В2), nicotinic and folic acid, proteins and 
mineral salts [2] . At the level of high taste, the fruits are also a valuable raw material for the can-
ning industry.

The high demand for this crop requires the development of methods that not only increase 
plant productivity, but also improve the quality of seed material.

The main task of seed production is to ensure the production of high quality seeds and pres-
ervation of its economically valuable features. To do this, it is necessary to grow seeds on a high 
agricultural background in compliance with all technological recommendations: spatial isolation, 
continuous selection from generation to generation to consolidate and strengthen the main features 
of the variety [3].

It is known, that each variety retains its hereditary qualities well in several generations 
under different growing conditions. But without proper primary seed production, the economic 
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and biological indicators of a variety gradually deteriorate, resistance to adverse abiotic and biotic 
factors decreases. Constant cultivation and selection in the same environmental conditions leads to 
a decrease in the viability and productivity of a variety [4].

In this regard, it is advisable to introduce varietal renewal, which not only ensures high 
seed quality, but also preserves all the valuable economic and biological characteristics of a vari-
ety [1, 5]. An important element for increasing seed yield is the use of intra-varietal crossing and 
additional pollination [6–8]. In this case, the formation of seeds is greatly influenced by the quality 
of pollination. If the pollen comes little on the pistil receptacle, then only part of the seed buds are 
fertilized, the pericarp grows unevenly, distorted fruits are formed, the seeds of them may be char-
acterized by mutational changes [9].

A number of scientists who have conducted research on additional pollination of plants ar-
gue that in greenhouses, sweet pepper flowers get better quality fruits at pollination by bees than 
fruits that develop as a result of self-pollination [10–12]. It was noted, that the correlation between 
the number of seeds and fruit size indicated that fertilization of more eggs contributed to fruit 
growth. It was found, that the weight and size of a fruit, the number of seeds correlated with the 
amount of pollen, applied to the stigma [12]. Auxin, which is produced in the pollen, endosperm 
and embryo of a developing seed, is involved in the regulation of development, as it creates an ini-
tial stimulus for fruit growth [13].

Scientists have found that intra-varietal crossing provides the best results for re-pollination 
of plants, grown from seeds of different years of harvest or from different soil and climatic zones. 
At the same time the quality of seeds improves due to re-pollination of biologically diverse plants. 
Thus, the carrot yield increased by 10–21 % due to pollination of plants from spring and winter 
crops [14]. The pepper yield increased by 2.3–25.7 % compared to the control, and fruit weight 
by 2–11 % [15]. The tomato yield increased by 15–20 % due to re-pollination of lines within one 
variety [16]. Positive results from intra-varietal crosses were obtained by other researchers with 
cultures:

– tomato [17];
– chamomile [18];
– coconut palm [19];
– blueberries [20].
Similar studies that would increase seed productivity on sweet peppers have not been con-

ducted, so the question is quite relevant.
The aim of the study is to identify the impact of different options of intra-varietal pollination 

on seed productivity and other economically valuable traits.

2. Materials and Methods
The work was performed during 2019–2020 at the Institute of Vegetable and Melon Grow-

ing of NAAS, located in the Left Bank Forest-Steppe of Ukraine. The research material was sweet 
pepper varieties “Lada”. The scheme of the experiment contained 5 options:

1. Self-pollination (control).
2. Re-pollination within a plant.
3. Pollination with the pollen of the 1st flower from another plant.
4. Pollination with a mixture of the pollen from 2 flowers from other plants.
5. Pollination with a mixture of the pollen from 5 flowers from other plants.
For pollination there were used 5 plants for each option. Castration and pollination were 

performed in the morning from 6 to 10 o’clock. Pollinated flowers were labeled and insulated with 
cotton wool. To increase the supply of nutrients to pollinated flowers, all unpollinated flowers were 
removed.

Plants from the obtained seeds were grown by the seedling method. Seedlings aged 60 days 
were planted in the second decade of May, planting scheme (70+40)×40 cm. Plots were laid in 
4-fold repetition of 10 accounting plants. Agrotechnical measures included weeding, fertilizing, 
irrigation, pest and disease control. In the process of plant growth and development, regular obser-
vations and biometric measurements were performed. According to phenological indicators there 
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were noted: date of sowing, germination, 1st true leaf, budding, flowering, technical and physiolog-
ical ripeness. According to biometric indicators – height and diameter of plants, length and diam-
eter of fruits, weight of the 1st fruit, as well as the number of fruits on the plant. The fruit and seed 
productivity was also recorded. The analysis of experimental data was performed using the ANO-
VA method. Differences between values in different options of the experiment were determined 
using the Tukey test [21], where the differences were considered significant at P<0.05 (taking into 
account the Bonferroni correction [22]).

3. Results
It has been established, that with the use of all re-pollination options the vegetation period 

of sweet pepper plants is reduced in comparison with the control by 3–7 days. The greatest effect 
in this regard was achieved when using a mixture of different pollen (for pollination of mother 
plants with a mixture of the pollen from two or five flowers of other plants) (Table 1). This result 
is formed by accelerating the onset of all major phases of plant development, starting from the for-
mation of the first true leaf (2–5 days).

Table 1
The influence of intra-varietal pollination on the passage of interphase periods by sweet pepper plants 
(average for 2019–2020)

Options
Number of days before:

1st true 
leaf budding flower-

ing Fruit formation Technical 
ripeness

Physiological 
ripeness 

Self-pollination (control) 12±0.4 73±1.0 96±1.1 104±1.0 124±1.2 151±1.0
Re-pollination within one plant 9±0.5 70±1.1 94±1.4 103±1.1 122±1.3 148±1.2

Pollination by the pollen of the 1st 
flower of another plant 

11±0.7 70±1.0 94±1.5 103±1.1 119±1.2 147±.1.0

Pollination with a mixture of the pol-
len from 2 flowers from other plants

10±0.7 70±1.0 93±1.3 101±1.0 119±1.1 144±1.1

Pollination with a mixture of the pol-
len from 5 flowers from other plants 10±0.6 66±1.1 91±1.4 102±1.1 119±1.3 144±1.2

Numerical data in the table are presented as x±SD (n=10)

It has been established, that re-pollination in relation to self-pollination causes an increase 
in the values of a number of biometric parameters of sweet pepper plants (Table 2). For all options 
of pollination there is a significant increase in plant height by 7–8 cm. The width of the plant and 
the index of the fruit do not vary significantly from different methods of pollination.

Table 2
The influence of intra-varietal pollination on biometric indicators of sweet pepper plants (average for 2019–2020)

Options Plant 
height, cm 

Plant 
width, cm  

Fruit 
index 

Fruit 
weight, g 

Number of fruits 
on a plant, un 

Self-pollination (control) 54±1.7 51±2.8 1.4±0.03 57±2.3 6±0.3
Re-pollination within one plant 61±2.7 51±2.2 1.3±0.02 71±2.0 8±0.3

Pollination by the pollen of the 1st flower of another plant 61±2.3 50±3.0 1.3±0.02 73±2.2 8±0.3
Pollination with a mixture of the pollen from 2 flowers 

from other plants 61±2.3 52±2.3 1.3±0.02 66±2.5 11±0.5

Pollination with a mixture of the pollen from 5 flowers 
from other plants 62±2.2 53±2.3 1.3±0.02 64±2.5 12±0.8

Numerical data in the table are presented as x±SD (n=10)

The pollination methods influenced such elements of the sweet pepper yield formation as the 
weight of one fruit and the number of fruits per plant. It was noted, that with different methods of pol-
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lination the fruit weight increased by 7–16 g relative to the control and was the largest in the options 
for pollination within a plant (71 g) and pollination of the 1st flower from another plant (73 g). The 
maximum increase in the number of fruits on a plant ensures the use of the pollen from several plants 
(from two to five), at that a plant produces 11–12 fruits, while at self-pollination – 6 fruits.

It was noted, that different methods of plant pollination significantly affected the seed pro-
ductivity of sweet pepper mainly due to the parameter of fruit productivity (fruit yield from one 
plant) and partly due to the increased seed yield from one fruit (Table 3). The fruit productivity was 
highest in the case of pollination with a mixture of the pollen from five other plants (682 g) and 
pollination with a mixture of the pollen from two other plants “(632 g), which exceeded self-polli-
nation by 92–106 %.

Table 3
The influence of intra-varietal pollination on seed productivity of sweet pepper plants (average for 2019–2020)

Options
Fruit productivity, g/plant Seed yield from the 1st fruit Seed productivity, g/plant 

g Comparing to 
control, % g Comparing to 

control, % g Comparing to 
control, %

Self-pollination (control) 330±14.2 100 0.7±0.05 100 3.8±0.08 100
Re-pollination within one plant 542±30.7 164 0.9±0.01 128 6.8±0.05 178

Pollination by the pollen of the 1st 
flower of another plant 534±52.0 162 0.9±0.04 128 7.0±0.01 184

Pollination with a mixture of the pol-
len from 2 flowers from other plants 632±38.5 192 0.9±0.04 128 9.0±0.01 236

Pollination with a mixture of the pol-
len from 5 flowers from other plants 682±35.8 206 0.9±0.01 128 10.0±0.07 263

Numerical data in the table are presented as x±SD (n=10)

Intra-varietal pollination leads to an increase in seed yield from one fruit by 28 %, but be-
tween different pollination methods, this figure did not change.

The introduction of intra-varietal pollination causes an increase in seed productivity of 
sweet pepper plants by 78–163 %. The maximum increase in seed productivity is ensured by the 
use of pollination of a mixture of the pollen from five plants, which leads to an increase in seed 
productivity by 2.5 times compared to the option of self-pollination. This phenomenon is due to the 
faster germination of the pollen on the stigma of another flower. It can also be noted, that the more 
pollen we use from more plants, the higher the productivity of fruits and seeds.

Thus, the analysis of the obtained results shows that there is a difference between self-polli-
nation (control) and re-pollination of a mixture of the pollen from other plants of the same variety. 
The reason is that during self-pollination for a more or less long time the hereditary basis of the 
variety becomes poorer, homozygous, then the variety weakens and ceases to give high yields. 
And when re-pollinated from other plants, the offspring with the enriched hereditary basis comes, 
which has the higher viability. Therefore, the studied options can be used to improve and update 
the variety.

4. Conclusions
Thus, the introduction of intra-varietal pollination reduces the period before fruit ripening, 

improves the biometric parameters of plants and increases fruit productivity by 62–106 % and seed 
productivity of plants by 78–163 %. Options using the pollen of different flowers (from 2–5 other 
plants) showed the greatest effect. This technique is one way to increase the yield of sweet pepper 
seeds.
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