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Abstract       The aim of the studies was to evaluate some characteristics of fruit 
quality in a collection of 23 landraces of bell peppers (Capsicum annuum L. var. 
grossum) from the western part of Romania. The study of landraces was carried out 
in field conditions, a period of two years in extensive technological conditions. In the 
mature fruits, were observed the pericarp of the fruit (thickness, weight, 
carbohydrate content) and the quantity of seeds in the fruit. The experimental data 
obtained were processed by determining the statistical indices of intrapopulation 
variability. The fruits of the landraces studied were very different in terms of 
pericarp thickness, but only three landraces had thicker pericarps than the control 
variety. The percentage of pericarp in fruit weight was over 80% in only five 
landraces, but opposite the average value of the control were several of the 
landraces studied. Were also reported landraces with high carbohydrate content in 
the pericarp, many being superior to the control. Among the genotypes studied, the 
Vinga landrace was noted, which had a thick pericarp with a high content of 
carbohydrates. Regarding the production of fruit seeds, it was found that the 
landraces had more fruit seeds compared to the 'Cristal' variety, for the most part, 
the number of seeds being over 200. From the studied collection can be found 
valuable genotypes regarding the quality of the fruit, which should be 
recommended as initial material in the process of improvement or even for 
promotion in culture.   
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Studies for the recovery of local germplasm in 

peppers are multiple. In western Romania, such 
assessments were carried out following field 
collections. Most research has focused on the 
manifestation of morphological characteristics that 
contribute to the production of the plant. They found 
that there is great variability from this point of view 
and the local germplasm is useful for breeding 
programs. The productive characterization must be 
completed as quality studies. The quality elements can 
be morphological or biochemical. The morphological 
elements are the easiest to study, including the 
characteristics of the pericarp [5]. 

The quality of the pepper from a commercial 
point of view is given by some characteristics of the 
fruit. Are appreciated the big fruits, with thick pericarp, 
with a high percentage of pericarp in fruit weight and 
intense coloration of mature fruit. The old varieties and 
landraces may have such characteristics, while being 
tolerant of some stressful conditions. Compared to the 
old forms, the hybrids are superior in terms of the 

weight of the edible part of the fruit, but they are also 
demanding on the cultivation technology [2]. 

The study of large collections of peppers in 
terms of quality traits, shows that there is great genetic 
potential. Studies conducted in Brazil have focused on 
fourteen morphological and biochemical characteristics 
that may influence the quality of paprika fruit. Very 
valuable forms have been found for all characters, 
many genotypes having fruits with large weight and 
size, rich in pericarp, with a high content of dry matter 
or vitamin C. The consumer demands can be met by 
using the material from such collections in breeding 
programs [8]. 
  Genetic resources can be capitalized 
superiorly by inbreeding. In the case of bell peppers, 
such studies have been carried out and established that 
there are some links between morphological 
characteristics and aspects of quality. The length of the 
fruit has a positive influence on the production of fruit 
per plant but a negative one on the sugar content in the 
pericarp. Another negative correlation was found 
between fruit production and chlorophyll content in 
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green fruits, carotene content in mature fruit, or 
vitamin C content. The inbreeding also highlights some 
unknown genes, especially in warm regions, where the 
degree of allogamy is higher and inbreeding is more 
effective in breeding [11]. 

In testing the fruit quality of bell peppers, an 
attempt was made to correlate the quality elements 
with other aspects of plant growth, such as the 
precocity of flowering or the precocity of maturation. 
In general, more flowering forms can provide higher 
yields if fruit ripening takes place over a longer period 
of time [10]. 

The production and quality of bell peppers are 
also dependent on the technology applied. Some 
experiments show that planting distances influence 
plant vigor, fruit size, fruit production per plant, but do 
not affect the thickness of the pericarp [4]. 

The new genotypes introduced into culture are 
thoroughly tested, the statistical techniques and 
methods are becoming more precise and elaborate. In 
addition to testing in different climatic and soil 
conditions, the software extrapolation can help reduce 
the cost of testing before a new genotype is introduced 
into crops. However, the direct field testing is also 
mandatory [1]. 

Some of the qualities of quality are of interest 
not only from a food or commercial point of view but 
also for industrialization. The carotenoids are a very 
valuable natural food coloring. The potential of 
carotenoids in bell peppers is underlined by their 
structure and stability. The analysis of these 
compounds must be standardized in order to make the 
selection more efficient from this point of view [7]. 

Bell pepper is a fruit appreciated by 
consumers due to its variations in color, size, aroma 
and taste. The important amount of polyphenols, 
carotenoids and ascorbic acid contributes to these. All 
these qualitative properties are found in the pericarp of 
the fruit. Classically, the pericarp assessments are done 
visually or by analysis, but modern electronic 
evaluation systems are being tried to study the 
dynamics of fruit ripening. The computerization of the 
observations ensures the application of the selection 
much faster and more efficiently for the quality 
elements to the bell pepper [12]. 

 
Material and Method 
 

The studies aimed to evaluate the quality of 
fruit in a collection of local populations of bell peppers 
(Capsicum annuum L. var. grossum), by observing the 
characteristics of the pericarp of the fruit and the 
quantity of seeds in the fruit. 

The biological material consisted of 23 
landraces of bell peppers collected by collecting 
expeditions in the western part of Romania. The 
comparison was made with the old Romanian variety 
'Cristal'. 

The study of landraces was carried out in the 
field for a period of two years. As the quantities of seed 
purchased were small, the experiment was placed in a 
single repetition, the plot comprising 40 plants for each 
genotype. The applied technology was extensive, 
without the addition of chemical fertilizers, with the 
application of watering at critical times. The crop was 
established by planting seedlings. When the fruits have 
reached maturity, were performed biometric 
measurements on the plant productivity and quality 
elements. Regarding the quality elements, were 
determined: the thickness and weight of the fruit 
pericarp, the percentage of pericarp in the weight of the 
fruit, the number and weight of the seeds in the fruit. 

The experimental data obtained were 
statistically processed, being determined the estimated 
values of the average (x), the standard deviation of the 
average (sx) and the coefficient of variability (s%) [3]. 
 
Results and Discussions 
 
 The thickness of the pericarp is a component 
of quality, because this part of the fruit is the one 
consumed. There are no very pronounced differences 
between the studied genotypes, the extreme limits 
being 0.34 cm in the population of 'Belinţ I' (it also has 
the smallest fruits in weight) and 0.71 cm in the 
population of 'Vinga'. The control variety had a 
pericarp thickness in the middle of this interval, but 
was exceeded by only three of the landraces. This 
character showed a moderate variability within the 
populations (Table 1). 
 In correlation with the previous character, the 
weight of the pericarp is found. This was between 
23.93 g in the landrace with the lightest fruits ('Belinţ 
I') and 94.17 g in the landrace with the heaviest fruits 
('Temereşti I'). Compared to the control variety, 14 
landraces showed higher amounts of pericarp, although 
its thickness was not greater. This situation is due to 
the fact that the fruits of the landraces were longer and 
larger in diameter. The weight of the pericarp is a 
character with moderate variability in the populations, 
in some being a reduced variability (Table 1). 
 Among the biochemical compounds that 
contribute to the achievement of taste, in bell peppers, 
an important place is occupied by carbohydrates. The 
determinations were made on ripe fruit when it was 
bright red. The determinations were made using a 
manual refractometer. For bell peppers, carbohydrates 
accounted for a percentage of the juice obtained from 
the pericarp of the fruit, between 6.46% (in the 'Aldeşti' 
landrace) and 9.83% (in the 'Pordeanu' landrace). They 
also presented very sweet fruits, and the 'Ohaba Lungă' 
and 'Vinga' landraces. Compared to the control variety, 
only two plandraces showed less sweet fruit. The 
variability of this trait within populations was very low 
(Table 1). 
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Table 1. 
Results regarding the amount of characters involved in the development quality at bell pepper 

No. 
Genotype 

Pericarp thickness  
(cm) 

Pericarp weight  
(g) 

Carbohydrate content  
(%) 

x±sx s% x±sx s% x±sx s% 
1. Cristal (control) 0.55±0.14 25.96 44.90±9.30 20.72 7.67±0.28 12.37 
2. Gelu 0.47±0.11 23.60 45,.7±12.67 27.57 7.01±0.32 12.19 
3. Aldeşti 0.52±0.06 12.16 62.29±5.60 8.99 6.46±0.24 12.01 
4. Seleus 0.48±0.08 17.11 38.59±10.12 26.23 6.98±0.29 10.52 
5. Cutina 0.48±0.10 21.51 71.73±13.34 18.60 6.51±0.21 9.41 
6. Şimian 0.40±0.05 13.18 53.27±8.62 16.18 7.21±0.20 8.92 
7. Altringen 0.51±0.07 14.57 58.03±4.55 7.84 7.58±0.21 9.36 
8. Satchinez 0.40±0.06 15.81 31.47±7.89 25.06 6.98±0.64 22.57 
9. Temeresti I 0.61±0.11 18.95 94.17±23.33 24.78 6.65±0.26 9.73 

10. Temeresti II 0.45±0.08 18.59 50.56±6.92 13.68 7.26±0.18 6,13 
11. Julita 0.46±0.05 11.06 52.91±7.50 14.18 7.03±0.24 8.39 
12. Siria 0.45±0.05 12.17 72.42±7.32 10.11 7.81±0.22 6.93 
13. Girisu de Cris 0.53±0.05 9.68 38.25±11.22 29.35 7.38±0.43 14.42 
14. Fizis 0.48±0.04 8.44 58.36±5.76 9.87 7.40±0.14 4.75 
15. Tomnatic 0.46±0.05 11.06 61.62±9.14 17.71 7.93±0.29 9.08 
16. Rinei I 0.48±0.04 8.44 56.82±6.48 11.38 7.21±0.29 9.16 
17. Ceica 0.38±0.04 10.65 34.27±18.18 12.47 7.60±0.17 5.64 
18. Cenad 0.44±0.05 12.07 44.60±6.95 14.78 7.55±0.28 9.31 
19. Belinţ I 0.34±0.05 16.10 23.93±3.35 14.01 8.53±0.54 15.66 
20. Belinţ II 0.41±0.09 23.59 35.84±4.98 13.89 7.38±0.33 11.26 
21. Tagadau 0.63±0.10 16.30 57.62±6.75 11.72 8.81±0.38 10.67 
22. Ohaba Lunga 0.41±0.04 9.79 28.94±5.89 20.63 9.71±0.37 10.26 
23. Vinga 0.71±0.11 16.31 63,64±14.42 22.66 9.72±0.71 16.48 
24. Becicherecu Mic 0.63±0.08 12.89 61.67±9.82 15.93 8.71±0.37 10.55 
25. Buteni 0.48±0.07 15.57 42.79±9.64 22.54 8.10±0.60 18.26 
26. Pordeanu 0.44±0.06 17.19 26.43±5.85 18.31 9.83±0.77 19.23 
27. Dudestii Vechi 0.46±0.10 18.59 34.64±5.23 17.77 8.63±0.19 5.61 
28. Chesinti 0.65±0.17 18.32 38.62±5.55 13.70 8.15±0.24 7.47 
29. Rieni II 0.39±0.05 19.79 27.90±5.1 9 19.63 7.70±0.64 20.38 

 
 The number of seeds in the fruit is an element 
that can be important in the production of seed. The 
production of a large number of seeds is a specific 
element of wild species and rustic forms. This fact is 
also found in the studied material. The 'Cristal' variety 
produced the lowest number of seeds in the fruit (an 
average of 161 seeds). The vast majority of the 
landraces bore more than 200 seeds, the highest value 
being 333.28 seeds in the 'Cenad' landrace. The number 
of seeds in the fruit is a character with moderate to 
large variability within populations (Table 2). 
 Along with the number of seeds, their weight 
can also be important for seed production. The extreme 
limits are present in other variants, because the weight 
of the seeds depends not only on their number, but also 
on their size. The limits of variability in the evaluated 
collection for this character were 0.82 g in the 
'Altringen' landrace and 1.86 g in the 'Simian' landrace. 
Intra-population variability for fruit seed weight is 
moderate (Table 2). 

The percentage of pericarp in the fruit is an 
element of quality that expresses the degree of 
capitalization of the fruit. It is desirable that the pulp 
should represent as much of the weight of the fruit as 
possible. For bell peppers, the percentage of pericarp 
was between 5.11% in the 'Chesinţi' landrace and 
92.61% in the 'Tomnatic' landrace, followed by the 
'Vinga' landrace with a percentage of 91.04. In the 
'Vinga' lamndrace this percentage is due to the 
thickness of the pericarp (being the largest in the 
collection), but in the 'Tomnatic' landrace, the 
thickness of the pulp is in the middle of the variability 
range. In these, were important, the size of the fruit and 
a smaller volume of the fruit spine (peduncle and 
receptacle). The differences from the 'Cristal' control 
variety (which showed a pericarp percentage of 
75.29%) are very important. Five other landraces have 
a percentage of pericarp over 80%, which makes them 
remarkable as sources of initial material for the 
improvement process (figure 1).  
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Table 2. 
Results regarding the amount of characters involved in the production of seed at bell pepper 

No.  
Genotype 

Seeds number in the fruit Seeds weight in the fruit  
(g) 

x±sx s% x±sx s% 
1. Cristal (control) 161.00±56.33 66.04 1.01±0,65 64.10 
2. Gelu 171.42±77.55 45.24 0.89±0,55 61.49 
3. Aldeşti 232.90±57.87 24.84 1.50±0,35 23.36 
4. Seleus 166.12±56.27 33.87 1.21±0,48 40.29 
5. Cutina 294.60±87.92 29.84 1.81±0,39 21.86 
6. Şimian 285.09±76.47 26.82 1.86±0,60 32.92 
7. Altringen 204.00±40.82 20.01 0.82±0,43 53.21 
8. Satchinez 214.66±60.03 27.96 1.46±0,52 35.78 
9. Temeresti I 238.66±24.81 10.39 1.48±0,38 25.53 

10. Temeresti II 201.66±56.57 28.05 1.28±0,33 26.07 
11. Julita 216.16±24.14 11.16 1.29±0,32 25.50 
12. Siria 273.83±38.84 14.18 1.40±0,21 15.27 
13. Girisu de Cris 195.66±60.90 31.12 1.03±0,31 30.69 
14. Fizis 241.60±95.22 39.41 1.44±0,58 40.59 
15. Tomnatic 209.66±76.35 36.41 1.46±0,52 35.59 
16. Rinei I 218.33±66.30 30.36 1.18±0,40 34.57 
17. Ceica 235.00±35.32 15.03 1.37±0,46 33.78 
18. Cenad 333.28±44.47 13.34 2.19±0,33 15.38 
19. Belinţ I 223.20±27.23 12.17 1.10±0,43 39.22 
20. Belinţ II 229.83±36.95 15.08 0.94±0,18 19.67 
21. Tagadau 220.00±43.52 17.76 0.97±0,35 36.66 
22. Ohaba Lunga 235.66±26.03 11.04 1.48±0,43 29.66 
23. Vinga 279.80±47.43 16.95 1.68±0,36 21.44 
24. Becicherecu Mic 247.33±22.12 8.94 1.47±0,16 11.08 
25. Buteni 182.40±65.04 35.65 1.01±0,38 37.75 
26. Pordeanu 231.20±24.45 18.17 1.13±0,45 37.29 
27. Dudestii Vechi 228.85±26.83 14.13 1.04±0,38 20.67 
28. Chesinti 212.00±33.42 19.76 0.87±0,34 30.06 
29. Rieni II 225.66±23.03 19.04 1.38±0,23 28.67 

 

 
Figure 1. Percentage of pericarp in bell pepper fruits  

 
The pepper has a pronounced natural 

variability. The landraces are a source of lost 
variability, being replaced in culture by modern 
genotypes. In terms of commercial quality, the study of 

some fibber peppers landraces showed that they are 
valuable in terms of the thickness of the pericarp and 
the percentage of pericarp in the weight of the fruit. 
This motivates their use in breeding programs [9]. 
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In all countries of the world, ancient 
genotypes are searched for use. The cultivation of 
peppers is practiced from the plain areas to the 
mountainous regions. The varieties from less favorable 
regions are the most valuable for obtaining new 
varieties for organic farming. Studies need to be 
extended to establish productive and qualitative 
performance in the area of origin or in other areas [6]. 
 
Conclusions 
 

The thickness of the pericarp is a component 
of quality, because this part of the fruit is the one used. 
There are no very pronounced differences between the 
studied variants, the highest value being presented to 
the Vinga landrace. 

The percentage of pericarp expresses the 
degree of capitalization of the fruit. It is desirable that 
the consumable part represents as much of the weight 
of the fruit as possible. In the case of bell peppers, the 
highest percentage of pericarp was presented by the 
'Tomnatic' and 'Vinga' landraces. In another five 
landraces, the pericarp has presented over 80%, which 
makes them remarkable as sources of initial material 
for the improvement process. 

Among the biochemical compounds that 
contribute to the achievement of taste, in fat peppers, 
an important place is occupied by carbohydrates. The 
determinations made highlight the landraces of 
'Pordeanu', 'Ohaba Lungă' and 'Vinga', as having the 
sweetest fruits 

Making a large number of seeds is a specific 
element of rustic forms. The 'Cristal' variety produced 
the lowest number of seeds in the fruit, the vast 
majority of the local populations presented in the fruit 
over 200 seeds. 
 
References 
 
[1] Bhattarai D.R., Maharjan S.K., Gautam I.P., Subedi 

S., Pokhrel S., 2020, Evaluation of capsicum 
(Capsicum annuum L.)genotypes for variety 
improvement, Journal of Agriculture and Forestry 
University,4, 139-14; 

[2] Buczkowska Halina, Saáata A., RoĪek Ewa, 2014, 
Diversity of the utility and biological value of 
fruits of some sweet pepper cultivars, Acta Sci. 
Pol., Hortorum Cultus 13(4), 49-62; 

[3] Ciulca S., 2006, Metodologii de experimentare în 
agricultură şi biologie. Ed. Agropirnt, Timişoara; 

[4] Islam M., Saha S., MD. Akand H., Rahim M.A, 
2011, Effect of spacing on the growth and yield of 
sweet pepper (Capsicum annuum L.), Journal of 

Central European Agriculture, 2011, 12(2), 328-
335; 

[5] Madosa E, Sasu Lavinia, Ciulca S., Velicevici 
Giancarla, Ciulca Elena Adriana, Avdanei C., 
2010, Possibility of  use of Romanian bell pepper 
(Capsicum annuum L. var. grossum) local 
landraces in breeding process, Not. Bot. Hort. 
Agrobot. Cluj 38 (2), Special Issue; 56-60; 

[6] Occhiuto P.N., Peralta I.E., Asprelli P.D., 
Galmarini C.R., 2014, Characterization of 
Capsicum germplasm collected in Northwestern 
Argentina based on morphological and quality 
traits, Agriscientia 31(2), http://www.scielo.org.ar 
/scielo.php?script=sci_arttext&pid=S1668-
298X2014000200002; 

[7] Ranjith Arimboor, Ramesh Babu Natarajan,  
Ramakrishna K. Menon, Lekshmi P. 
Chandrasekhar, Vidya Moorkoth, 2015, Red 
pepper (Capsicum annuum) carotenoids as a 
source of natural food colors: analysis and 
stability—a review, J Food Sci Technol. 52(3), 
1258–1271; 

[8] do Rego R. Elizanilda, do Rego M. M., de Matos F. 
Izadora Wally, Aparecida Barbosa Lidiany, 2011, 
Morphological and chemical characterization of 
fruits of Capsicum spp. accessions, Hortic. Bras. 
29 (3), https://doi.org/10.1590/S0102-
05362011000300018; 

[9] Sasu Lavinia, Nedelea G., 2009, Study of some bell 
pepper local landraces regarding qualityn and 
seed production related traits, Journal of 
Horticulture, Forestry and Biotechnology, 13, 
383-386; 

[10] Sharma Ankita, Kumar Manish, Dogra R.K., 
Kumar Nitish, 2017, Evaluation of Bell Pepper 
(Capsicum annuum L. var.grossum) Genotypes 
for Yield and Yield Contributing Traits under Mid 
Hill Conditions of Himachal Pradesh, Indian 
Journal of Ecology, 44, Special Issue (6), 736-
739; 

[11] Sourav R., Chatterjee Subhrajyoti, Hossain M.A., 
Basfore S.,  Karak C, 2019, Path analysis study 
and morphological characterization of sweet 
pepper (Capsicum annuum L. var.grossum), 
International Journal of Chemical Studies,7(1), 
1777-1784; 

[12] Villasenor-Aguilar M. J., Sánchez-Bravo M. 
Gerardo, Padilla-Medina J. A., Vázquez-Vera J. 
L., Guevara-González R. G. , García-Rodríguez 
F. J., Barranco-Gutiérrez A. I., 2020, A Maturity 
Estimation of bell pepper (Capsicum annuum L.) 
by artificial vision system for quality control, 
Appl. Sci., 10, 5097, doi:10.3390/app10155097;

 


