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Dehdar
 
B., S. Amiri, B. Panahi, R. Mohammadi (2020). Combining ability analysis of 

tuber yield and related traits in potatoes- Genetika, Vol 52, No.1, 215-228. 

In potatoes (Solanum tuberosum L. 2n=4x=48) both the general combining ability 

(GCA) effects of parents and specific combining ability (SCA) of crosses are important 

in conditioning traits of economic importance. The objective of this study was to 

determine the combining abilities for tuber yield and its components on seven high-

yielding commercial cultivars of potato and advanced potato clones. Significant 

differences were found between the parents in the all of traits that are associated with 

high genetic diversity between parents. GCA for tuber form, length of stolon and 

number of tuber per plant were high and for stem height, tuber skin appearance and eye 

dept were low. Heritability estimated from 49 percent in the number of stem to 84 

percent in tuber skin appearance. Both heritability and genetic advance as percent of 

mean estimates were high for tuber yield, tuber form, length of stolon, tuber size, and 

number of tuber per plant and tuber size uniformity. AS10, AS12, AS14 and UT43 

clones was best general combiner for the tuber yield, tuber size uniformity, eye depth, 

tuber dry matter and length of stolon. The SCA effects were the highest in the cross 

Savalan×UT43, Luca×AS20, Stbr2×Savalan and Picasso×HS in the traits were 

considered. Savalan and UT43 parents used in the crosses also have high GCA in 

studied traits. Finally results showed that Savalan, UT43, AS10, AS12 and AS14 in the 

studied traits was the high GCA and better than other parents. 
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INTRODUCTION 
Potato (Solanum tuberosum L. 2n=4x=48) is a highly heterozygous crop where non-

additive gene action is known to be important for most of the economic characters. The aim in 

potato improvement program is to facilitate the recombination of a number of agronomic, 

disease and quality traits from the parents. MANIVEL et al. (2009) emphasized the need to screen 

parents and crosses before their use in the breeding program and suggested that combining 

ability analysis based on progeny test data is a useful method for evaluating parents and crosses 

for a wide range of quantitative traits (MANIVEL et al., 2009). An advantage of hybridization in 

potato is that once a hybrid with desired characters is identified, it can be multiplied vegetative 

for a long time without any risk of segregation. Potato breeding worldwide has traditionally 

involved making crosses between pairs of parents with complementary features based on 

phenotype in order to generate genetically variation on which to practice phenotypic selection 

over a number of vegetative generations, the aim being to identify clones with as many desirable 

characteristics as possible for release as new cultivars (BRADSHAW et al., 2010). Selection of 

parents and prediction of cross outcome making crosses between pairs of parents with 

complementary features has traditionally been, and still is the main route for the development of 

new cultivars. The aim is to generate genetic variation on which to practice phenotypic selection 

over a number of vegetative generations for clones with as many desirable characteristics as 

possible for release as new cultivars (ACQUAAH et al., 2007; SLEPER et al., 2006). The choice of 

parents depends largely on the aims and objectives of the breeder (REIS TERRES et al., 2009). An 

important criterion for the choice of parents is their crossability and unrelatedness (WOLFGANG et 

al., 2009). Often the parents are chosen due to their performance per se. Theoretically, this 

cannot be secure in clonal crops like potatoes; clonal varieties are highly heterozygous hybrids 

and polyploids, so that segregation in crossings is almost unpredictable (WOLFGANG et al., 2009). 

ROY et al. (2006) suggestions that have been made for better assessment of parents is the 

offspring performance from test crosses; the other suggestion is to work on reduced polyploidy 

level, which has been especially proposed for breeding tetraploid potatoes (ROY et al., 2006). In 

general, parents should have a good combing ability and good performance over all traits. In 

potatoes, it has been observed that SCA is nearly as large as GCA, and in some cases SCA has 

been observed that is clearly larger than GCA (LAMARI et al., 2015; KUMAR and BUKREYEVA 

2005).  

Combining ability is one of the powerful tools in identifying the best combiner that may 

be used in crosses either to exploit heterosis or to accumulate fixable genes (BUKREYEVA et al., 

2014; KALININA and LYAKH, 2011). In potatoes both GCA of parents and SCA effects of their 

crosses are important in conditioning economic traits. In this crop all genetic effects are fixed at 

the F1 stage, as with clonal propagation, there is no further segregation. Understanding gene 

action and its inheritance helps in selecting suitable parents and their crosses to use in a breeding 

program, to choose proper mating design or to identify the subsequent selection procedure to 

follow (SLEPER et al., 2006). The present investigation entitled was undertaken to determine the 
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extent of variability and heritability for various quantitative characters, to estimate the general 

combining ability and specific combining ability of parents and hybrids.  

 

MATERIALS AND METHODS 

In this experiment, seven high-yielding commercial cultivars of potato (Agria, Savalan, 

Picasso, Caesar, Daifla, Satina and Luca) and eleven advanced potato clones, (UT42 and UT43 

which were obtained from the cross of S. tuberosum ssp. S. andigena × S. tuberosum; three 

advanced and high-yielding clones of S. tuberosum designated AS10, AS12, AS14, AS20, AS72 

and AS692, and HS, Stbrkz and Stbr2 were obtained from the cross of S. tuberosum × S. 

stolonifurum) were crossed reciprocally, in the Ardabil Natural Resources and Agricultural 

Research Station (located in 47° and 59‘ North, 39° and 22’ East, 1390 m above sea level) 

during the summer of 2012 and the best cultivars and clones were determined when they were 

selected as the female or male parent. Flower buds of parent were castrated one day before 

opening by pushing petals aside and removing anthers, and then placed in bags. The next day, 

they were pollinated and labeled with the pollens obtained by shaking male parent into 

microtubes, and then placed inside a plastic net. 

After about six weeks, the ripe and fallen berries were collected. The ripened berries 

were processed by cutting them with a knife and emptying the seeds into a basin containing 

clean water. The seeds were washed and then spread on filter papers and placed on a table in the 

laboratory to air-dry overnight. The following day, all the seeds from each cross family were 

soaked in 1500 ppm GA3 solution for 24 hours to break dormancy. Thereafter they were rinsed 

and immediately sown in plastic trays containing cocoa peat, perlite and pit moss to equal 

proportion. Watering was done using a can and the seedlings were sprayed against pests and 

diseases as required. Four weeks later, all the seedlings were transplanted directly from the 

plastic trays into the field. 

In the second year (2017), to evaluate the GCA, SCA and broad sense heritability, true 

seeds germinated in the greenhouse planting tray and 30 seedlings from each family (54 cross) in 

the augmented design with randomized complete block design with 5 replications were planted 

with 18 parents (because so many genotypes available and their assessment is not possible by a 

complete block design). The seedlings were transplanted in rows at spacing of 75×25 cm. At 

transplanting, DAP (18% N: 46% P2O5) was applied at the recommended rate of 500 kg ha. 

Weeding, ridging and pests were carried out as per recommendations for potato production in 

Iran.  

It is necessary to mention that in this design for error estimation and the effect of 

incomplete block, parent variety as control and family were compared. The effect of block and 

the estimation error were measured using control observations. Observations were recorded for 

tuber skin appearance, tuber form, length of stolon, eye dept, number of stems, stem height, tuber 

dry matter, tuber size, number of tubers per plant, tuber yield per plant and tuber size uniformity 

for five random competitive plant basis in each replication. Tuber skin appearance, stolon height, 

tuber size and eyes depth were scored on 1-9 scale, where: (1=round compressed, 9=longest) for 

tuber form; (1=extremely deep, 9=very shallow) for eyes depth, (1=shortest, 9=longest) for 

length of stolon, (1= roughest, 9=smoothest) for tuber skin appearance. As the same way, tuber 

size uniformity were scored on 1-3 scale where 1= non uniform and 3=uniform. For tuber dry 
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mater, freshly harvested and matured tubers were taken from each treatment and washed 

properly with water then chopped into small pieces and was kept in the electric oven at 75 °C for 

72 hours for drying and finally, dry weight of tuber was noted and calculated in percentage by 

following formula: 

 
 Variance analysis of controls variety was performed on the basis of complete block 

design using SPSS. The effect of each block for each treatment was calculated and each 

treatment was corrected based on the block effect. The analysis of design allowed us to estimate 

the genetic variances of the response variables.  

The phenotypic and genotypic variances of each trait were estimated from the RCBD 

analysis of variance. The expected mean squares under the assumption of random effects model 

was computed from linear combinations of the mean squares and the phenotypic and genotypic 

coefficient of variations were computed as per the methods suggested. 

 

Where, MSg = mean square due to genotype, MSe = environmental variance (error mean 

square)and r = number of replication. 

 

 

 

Broad sense heritability was estimated based on the formula given by (ALLARD, 1960) as 

follows: 

 

Genetic advance as percent of means were estimated as described by (ALLARD, 1960) as: 

 

Where: K= the standardized selection differential at 5 % (2.063), VP = phenotypic standard 

deviation and H
2

B=broad sense heritability. 

 

The GCA and SCA effects of ijk
th

 observation were estimated by adopting the following model.  

Xijk = μ + gi + gj + sij 
μ= population mean  
gi= GCA effect of ith female parent 
gj= GCA effect of jth male 
sij= SCA effect of hybrid of ith female with jth male 
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The individual effects of GCA and SCA were estimated from the data obtained from two ways 

tables of female vs. male as given below. In this each data was totaled over replications. 

 

Two way table for female vs. male: 

 
 Male 1  2  3  . . . . . . . . . . . . . . .  n Total 

Female       

1 Xij . . . . . . . . . . . . . . . . . . Xi.. 

2 . . . . . . . . . . . . . . . . . . . . 

3 . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . 

n . . . . . . . . . . . . . . . . . . . . 

Total X.j.  . . . . . . . . . . . . . . . . . . X… 

 

 

  

 
X… = Total of all hybrid combination  
Xi.. = Total of ith female over ‘t’ male and ‘r’ replications  
X.j. = Total of jth male over ‘l’ female and ‘r’ replication and  
Xij. = Total of the hybrid between ith female and jth male over ‘r’ replications. 

 

 

RESULTS AND DISCUSSION 

Analysis of variance 

Analysis of variance indicated the presence of highly significant (P<0.01) differences 

among parents (genotypes) for all traits (Table1). This suggested the presence of genetic 

variation among genotypes that could be exploited in selection for desirable traits to improve the 

productivity of the crop in the study area. Various researchers reported the existence of 

significant variation among genotypes for different traits. MEKONEN et al. (2011) reported 

significant differences among genotypes for plant height, number of tuber per plant and total 

tuber yield per plot (MEKONEN et al., 2011). MITIKU et al. (2014) also reported plant height, 

average tuber weight, large size tuber, average tuber weight and tuber yield showed significant 

difference among the tested varieties (MITIKU et al., 2014). Mean squares for genotypes were 

highly significant for all traits signifying the existence of considerable variation among the 

genotypes.  
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Table1. Mean squares for the 18 parents 

 Df TY TSA TF ED NS LS TDM SH TS NTP TSU 

Replication 4 21514.2 0.084 0.538 0.117 1.87 23.4 0.946 0.44 2.22 3.6 0.082 

Cultivars 17 80430.8** 1.07*

* 

3.84*

* 

2.39*

* 

2.28*

* 

120.84*

* 

4.21*

* 

7.36*

* 

6.08*

* 

8.2** 0.277** 

Error 68 19494.8 0.171 0.87 0.95 1.15 41.4 0.862 1.53 1.64 1.64 0.065 

CV%  20 6 23 14 20 12 5 19 19 23 20 

**: Significant at the 0.01 probability; Df: degree of freedom. 

TY: Tuber yield; TSA: Tuber skin appearance; TF: Tuber form; ED: Eye dept; NS: Number of stem; LS: length of stolon; TDM: Tuber dry 

matter; SH: Stem height; TS: Tuber size; NTP: Number of Tuber per plant; TSU: Tuber size uniformity 

 

Genotypic and Phenotypic Coefficient of Variation 

      The estimated phenotypic variance was relatively greater than the genotypic variance in 

magnitude for all characters considered. Phenotypic coefficient of variation ranged from 2.65% 

for stem height to 71.8% for length of stolon (Table 2).  

 
Table2. Estimate of genotypic  and Phenotypic variance, heritability of 11 evaluated variables in 18 potato 

parents 

 TY TSA TF ED NS LS TDM SH TS NTP TSU 

VG 12187.2 0.2482 0.594 0.2878 0.226 15.89 0.6696 1.152 0.91 1.312 0.0424 

VP 16086.15 0.2824 0.768 0.478 0.456 24.17 0.842 1.92 1.216 1.64 0.0554 

GCV 16.17 7.02 19.17 7.57 8.87 58.22 3.9 2.058 14.58 20.49 16.34 

PCV 18.58 7.49 21.8 9.76 12.59 71.8 4.38 2.65 16.86 22.9 18.68 

GA (5%) 198.85 0.92 1.39 0.855 0.683 6.59 1.49 2.23 1.71 2.11 0.36 

GAM% 29.13 12.96 34.57 12.07 12.74 96.24 7.11 4.28 26.15 37.74 28.57 

H2
B % 0.76 0.84 0.77 0.6 0.49 0.65 0.79 0.78 0.75 0.8 0.76 

TY: Tuber yield; TSA: Tuber skin appearance; TF: Tuber form; ED: Eye dept; NS: Number of stem; LS: length of stolon; 

TDM: Tuber dry matter; SH: Stem height; TS: Tuber size; NTP: Number of Tuber per plant; TSU: Tuber size uniformity 

VG: Genetypic variance; VP: Phenothypic variance; H2
B: Broad Since heritability; GCV: Genotypic coefficient variation; 

PCV: Phenotypic coefficient variation; GA: Genetic advance; GAM:Genetic advance as percent of mean. 

The phenotypic and genotypic coefficient of variation values can be categorized as low (<10%), 

moderate (10-20%), and high (>20%) as indicated by JIBRIN et al. (2016). Tuber form, length of 

stolons and number of tuber per plant had phenotypic coefficient of variation >20% that can be 

considered as high. However, stem height, tuber skin appearance and eye dept had phenotypic 

coefficient of variation <10% that can be considered as low. Moderate phenotypic coefficient of 

variation was observed for tuber yield, number of stem, tuber size and tuber size uniformity. 

BAYE et al. (2005) and FEKADU et al. (2013) reported high phenotypic coefficient of variation for 

tuber yield The traits which exhibited high estimates of genotypic and phenotypic coefficient of 

variations had high probability of improvement through selection while traits with low estimates 

https://www.researchgate.net/scientific-contributions/2118394462_M_S_Jibrin
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the improvement through selection is difficult or virtually impractical due to the masking effect 

of environment on the genotypic effect (MUTHONI et al., 2015). 

The estimated broad sense heritability ranged from 49% to 84% for number of stem and 

tuber skin appearance, respectively (Table 2). The heritability was categorized as low (0-30%), 

moderate (30-60%) and high (>60%) as suggested by JIBRIN et al. (2016). Accordingly, high 

heritability was exhibited for all of the traits except of number of stem and for it moderate 

heritability was recorded. These finding is in accordance with the findings of CHOUDHARY and 

SHARMA (1984) and ROY and SINGH (2006) who reported high estimates of heritability for dry 

weight of tuber, average tuber weight, number of tubers per plant, total tuber yield, dry matter 

percentage. Hence, these characters are amendable for selection to improve crops. 

Genetic advance as percent of mean ranged from 4.28% for stem height to 96.24% for 

length of stolon (Table 2). The genetic advance as percent mean was categorized as low (0 - 

10%), moderate (10-20%) and high (>20%) as suggested by JIBRIN et al. (2016). Accordingly, 

high genetic advance as percent of mean recorded for tuber yield, tuber form, length of stolon, 

tuber size, number of tuber per plant and tuber size uniformity. Moderate genetic advance as 

percent of mean was observed for tuber skin appearance, eye depth and number of stem. This is 

in line with BAYE et al. (2005) and FEKADU et al. (2013) who indicated moderate genetic 

advance as percent of mean for plant height, biomass yield and average tuber weight. The 

moderate genetic advance suggested both the additive and non-additive variances are operating 

in expression of these traits (LUTHRA, 2011). 

MUTHONI et al. (2015) suggested that genotypic coefficient of variation along with 

heritability estimates would provide a reliable estimate of the amount of genetic advance to be 

expected through phenotypic selection. Both heritability and genetic advance as percent of mean 

estimates were high for tuber yield, tuber form, length of stolon, tuber size, the number of tuber 

per plant and tuber size uniformity. The high value of genetic advance for these traits showed 

that these characters are governed by additive genes and selection could be rewarding for the 

improvement of these (MISHRA et al., 2006; RUIZ et al., 2006). This indicated a high chance for 

improving the crop through selection because trait with high heritability and genetic advance is a 

base for plant breeding to improve the crop through selection (LUTHRA, 2011; PANAHI et al., 

2013; NEGHAB and PANAHI, 2017). Moderate heritability and genetic advance was computed for 

tuber skin appearance and eye depth. 

 

Combining ability effects 

The parents used in this study are frequently involved in various potato breeding 

programs in Iran. The information about their general combining ability effects is, therefore, of 

interest to potato breeders. The estimates of general combining ability (GCA) effects of seven 

cultivars and eleven clones and specific combining ability (SCA) effects of fifty five hybrids for 

properties studied are presented in Table 3 and 4 AS12, Stbrkz and Stbr2 clones had the highest 

and In return HS, UT43 and AS20 had lowest GCA for tuber skin appearance (in male and 

female form), respectively (Table 3). So AS12, Stbrkz and Stbr 2 possessed good general 

combining ability combiners for this trait and can be used as parents to produce hybrids that have 

more smooth skin. In crosses, SCA differed from -0.204 to 0.466 for this trait and among them, 

Difela×UT42 exhibited positive and high SCA effect and showed the highest average for smooth 

https://www.researchgate.net/scientific-contributions/2118394462_M_S_Jibrin
https://www.researchgate.net/scientific-contributions/2118394462_M_S_Jibrin
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skin (7.5). Next in rank, crosses are Daifela×AS20 and Caeser×HS. UT43 (m) and AS72 (f) had 

the highest and AS10 (f) had lowest GCA for tuber form. So UT43 and AS72 are good general 

combining ability combiners for this trait and can be used as parents to produce hybrids that had 

the desirable glands and have more drawn. In crosses, SCA differed from -0.614 to 2.38 and 

among them, Difela×HS exhibited positive and high SCA effect and average (64) than other 

crosses. Tuber form of this cross was longer than others. Next in rank, crosses are Picasso×Stbr2 

and Picasso×UT42. For eye depth, the highest GCA in Caeser (f and m) and lowest GCA in 

Daifela (f and m), Picasso, UT43 and AS14 were observed. So, Daifela, Picasso, UT43 and 

AS14 can be used as parents for production of hybrid varieties that have shallower eye depth. In 

crosses, SCA differed from -0.48 to 0.74 and among them, AS72×Savalan exhibited positive and 

high SCA effect and average (7.8) than other crosses. Eye depth of this cross was Skin deeper 

than others. Then in the next rankings, crosses are AS14×Satina and AS10×Caeser. For number 

of stem, the highest GCA in UT43 (f and m) and Savalan (f and m) and lowest GCA in Picasso 

(m) and AS692 (m) were observed. So, UT43 and Savalan (f and m) can be used as parents for 

production of hybrid varieties that have more stem. In crosses, SCA differed from -0.41 to 0.77 

and among them, Picasso×HS exhibited positive and high SCA effect and average (6.3) than 

other crosses. The number of stem of this cross was high than others. Then in the next rankings, 

crosses are Picasso×UT42 and Caeser×AS20. For stem height, the highest GCA in AS692 (f and 

m) and Savalan (f) and lowest GCA in UT43 (f) and AS10 (f) were observed. SoAS692 (f and 

m) and Savalan (f) can be used as parents for production of hybrid varieties that have more 

height and UT43 (f) and AS10 (f) can be used as parents hybrid varieties that have less height. In 

crosses, SCA differed from -4.63 to 2.75 and among them, Stbr2×Savalan, AS72×Savalan, 

Luca×Stbrkz and Agria×Ut42 exhibited negative and high SCA effect respectively than other 

crosses. These crosses can be used for dwarf hybrids production in breeding programs. On the 

other hand, SCA for Daifela×AS20, HS×Daifela, AS72×Caeser, AS12×Caeser, Satina×AS12 

and Caeser×UT43 showed positive and High and can be used for production of tall plants. Stbr2 

(f and m) and AS692 (m) had the lowest and UT43 (f and m), AS10 (f), daifela (m) had highest 

GCA for tuber dry matter. SoUT43 (f and m), AS10 (f), daifela (m) can be used in breeding 

programs to produce hybrid that have more tuber dry matter. In crosses, SCA differed from -2.02 

to 0.33 and among them, Stbrkz×Savalan showed positive and high SCA effect than other 

crosses. The tuber dry matter of this cross was high than others partly. Then in the next rankings, 

crosses are Savalan×UT42, AS12×Caeser, AS692×Savalan and AS14×Picasso. These crosses 

can be noted in breeding program for increasing of tuber dry matter. For stolon length, lowest 

GCA in Stbr2 (f and m) and Savalan (m) and highest GCA in UT43 (f and m) and AS12 (f and 

m) and Daifela (f) were observed. So, in breeding program Savalan and Stbr2 (f and m) and 

Daifela (f) can be used. In crosses, SCA differed from -0.97 to 0.56 and among them, 

Stbr2×Picasso showed positive and high SCA effect than other crosses. In tuber size, the highest 

GCA in AS72 (f), AS12 (f), AS10 (f) and AS14 (f) and lowest GCA in Agria (f) were observed. 

SoAS72 (f), AS12 (f), AS10 (f) and AS14 (f) can be used as parents for production of hybrid 

varieties that have more tuber size. In crosses, SCA differed from -0.59 to 1.15 and among them, 

Agria×UT42 showed positive and high SCA effect than other crosses. Then in the next rankings, 

crosses are Luca×UT43 and Daifela×UT42. These crosses can be noted in breeding program for 
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increasing of tuber size. Highest GCA in number of tuber per plant were observed in UT43 (f 

and m), Agria (f) and Daifela (m). On the other hand, the lowest GCA was observed in Stbr2 (f).  

 

Table 3. Estimate of  General combing ability of 11 evaluated variables in 18 potato parents (female and male) 
Parent  TSA TF ED NS SH TDM LS TS NTP TY TSU 

Agria F -0.02 0.03 -0.12 0.31 1.5 0.69 0.32 -1.46 1.76 12.77 -0.37 

Luca F -0.06 0.22 0.09 -0.38 1.25 -0.3 -0.37 -0.1 -0.6 -74.23 0.18 

Caesar 
M 0.05 -0.06 0.93 -0.18 -0.61 -0.08 0.2 0.23 -1.05 -34.23 0.06 

F -0.27 0.43 0.78 0.21 -2 0.24 0.82 -0.66 0.51 28.77 -0.27 

Satina 
M 0.01 -0.04 -0.12 -0.32 -3.17 -0.01 0.22 0.17 0.12 28.77 0.36 

F 0.1 -0.1 -0.2 -0.32 -1.17 -0.51 0.01 -0.41 0.64 58.11 -0.12 

Picasso 
M 0.055 -0.39 -0.07 -0.64 1.75 -0.23 -0.2 0.34 -0.87 4.44 0.28 

F -0.045 0.055 -0.47 0.06 1.75 -0.36 0.03 -0.54 -0.67 -46.23 -0.145 

Savalan 
M 0.06 -0.12 -0.09 0.51 2.5 0.39 -0.9 0.76 -0.34 -47.73 0.06 

F 0 0.03 -0.24 0.97 4.3 0.57 -0.62 0.34 0.72 39.94 -0.03 

Daifla 
M -0.22 -0.34 -0.42 0.21 -4.17 0.72 0.85 0.01 1.76 63.37 0 

F -0.12 0.18 -0.72 0.31 -1.5 -0.13 -0.33 -0.59 0.51 74.44 -0.245 

AS10 F 0.02 -0.55 0.46 -0.27 -4.3 0.83 0.06 0.84 0.2 -24.73 0.57 

AS20 
M -0.17 0.28 -0.17 0.06 -0.5 0.09 -0.28 0.24 -0.64 106.6 0.55 

F -0.17 0.48 0.43 0.11 -2 -0.01 0.07 0.09 -0.69 12.77 0.08 

AS12 
M 0.58 -0.37 -0.32 -0.49 -3.5 -0.51 0.62 0.34 -0.04 53.27 0.13 

F 0.48 -0.37  0.01 -2.5 0.09 1.12 0.84 -1.04 47.77 0.23 

AS692 
M 0.03 -0.32 -0.12 -1.29 5 -0.76 -0.83 -0.41 -0.74 83.77 0.46 

F 0.01 -0.37 0.05 -0.69 6.17 -0.24 -0.71 0.01 -0.94 -112.2 0.19 

HS 
M -0.37 0.43 -0.2 0.23 -0.5 -0.31 -0.38 -0.46 -0.48 -67.23 -0.19 

F -0.27 -0.42 0.23 0.06 -1.5 -0.16 0.32 -0.66 -0.44 -87.73 -0.37 

Stbrkz 
M 0.28 0.13 -0.22 -0.39 -1.5 -0.31 -0.18 0.34 -1.34 -92.23 -0.27 

F 0.23 -0.07 0.28 0.51 -1.5 -0.06 -0.18 0.09 -0.69 -57.23 -0.32 

Stbr2 
M 0.18 -0.53 -0.3 -0.15 2.3 -0.79 -1.28 -0.86 -1.32 -82.23 -0.29 

F 0.25 -0.5 0.54 0.01 1.5 -0.61 -1 -0.33 -1.54 -159.2 -0.37 

AS14 
M 0.03 -0.12 -0.27 -0.165 2.75 0.04 0.2 0.84 -0.32 -190.6 0.51 

F 0.03 -0.19 -0.32 -0.065 2.5 0.16 0.37 0.84 -0.32 68.02 0.51 

UT42 M 0.05 0.01 -0.2 0.36 2 0.22 0.17 -1.21 1.49 82.52 -0.35 

UT43 
M -0.295 1.08 0.23 0.635 -1.25 0.69 0.75 0.34 2.56 46.77 -0.32 

F -0.32 0.53 -0.62 0.81 -4.5 1.09 1.42 -0.16 4.26 108.8 -0.37 

AS72 F -0.12 1.08 0.63 0.01 0 -0.46 0.33 1.09 -0.59 152.8 0.08 

TY: Tuber yield; TSA: Tuber skin appearance; TF: Tuber form; ED: Eye dept; NS: Number of stem; LS: length of stolon; TDM: Tuber dry matter; 

SH: Stem height; TS: Tuber size; NTP: Number of Tuber per plant; TSU: Tuber size uniformity 

F and M: Female and Male respectively 
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Table 4. Estimate of  Specific combing ability  of 11 evaluated variables in 54 potato cross 
Female×male TSA TF ED NS SH TDM LS TS NTP TY TSU 

Daifela×AS20 0.186 -0.39 -0.07 -0.02 2.75 0.09 -0.35 0.21 -0.35 49.06 -0.06 

Daifela×Stbr2 -0.199 -0.49 -0.26 -0.17 0.6 -0.07 -0.11 -0.33 -0.28 21.06 0.09 

Daifela×HS -0.164 2.38 -0.26 -0.28 0.5 -0.14 -0.93 0.13 -0.25 39.56 0.04 

Daifela×UT42 0.466 -0.42 -0.04 0.2 0.5 -0.79 0.07 0.78 -0.30 55.06 0.11 

Luca×AS14 0.076 -0.05 0.49 0.01 1.2 0.12 0.16 0.04 0.24 -16.69 0.46 

Luca×AS692 -0.017 -0.06 0.03 -0.01 -0.16 0.22 0.11 -0.08 0.26 53.56 0.39 

Luca×AS20 -0.024 0.01 -0.03 0.11 -0.33 0.08 0.05 0.22 -0.01 38.56 0.49 

Luca×StbrKz 0.051 -0.14 -0.33 -0.06 -2.08 0.205 0.32 0.18 0.34 68.56 -0.15 

Luca×Stbr2 -0.009 -0.09 -0.12 -0.03 -0.48 0.02 -0.01 -0.52 0.15 -9.44 -0.21 

Luca×HS 0.026 -0.21 -0.11 -0.14 -0.58 -0.15 -0.03 -0.05 0.18 -0.94 -0.16 

Luca×UT42 -0.144 -0.02 0.3 0.04 -0.58 0.2 0.17 0.09 -0.07 -8.44 0.19 

Luca×UT43 0.016 0.15 0.29 -0.02 1.29 -0.07 -0.24 0.79 -0.79 12.56 -0.1 

Satina×AS12 -0.039 0.05 -0.33 0.08 1.84 -0.01 -0.38 -0.18 0.18 -10.11 -0.16 

Satina×AS14 -0.139 -0.06 0.14 0.05 -0.78 -0.22 -0.09 -0.43 0.06 -5.36 -0.39 

Satina×AS692 -0.029 -0.08 -0.11 0.13 0.74 -0.12 -0.04 -0.39 0.28 4.89 -0.40 

Satina×Stbr2 -0.024 -0.01 -0.17 -0.09 -0.06 -0.32 -0.16 -0.5 0.17 11.89 -0.15 

Satina×UT42 -0.159 0.07 0.35 0.28 -0.16 -0.04 0.02 0.11 -0.05 -29.11 -0.13 

Satina×UT43 -0.099 0.27 0.34 0.08 0.71 -0.41 -0.59 -0.18 -0.47 -6.11 -0.14 

Picasso×AS14 -0.089 0.34 -0.04 0.02 -1.7 0.21 0.44 0.04 0.60 36.81 -0.23 

Picasso×Stbr2 0.026 0.59 -0.26 -0.02 -0.98 0.11 0.16 -0.02 0.32 64.06 -0.1 

Picasso×HS -0.139 0.17 -0.25 0.76 -1.08 -0.06 0.15 -0.06 0.35 0.56 -0.05 

Picasso×UT42 -0.109 0.37 0.16 0.35 -1.08 0.19 0.25 -0.41 0.10 8.06 0.03 

Caeser×HS 0.176 -0.38 -0.18 -0.14 0.97 -0.13 -0.38 0.06 0.05 16.06 0.22 

Caeser×UT43 0.066 0.02 0.23 -0.32 1.85 -0.15 -0.09 -0.59 -1.32 -48.44 0.09 

Agria×UT42 -0.084 -0.03 0.21 -0.35 -1.83 -0.19 -0.19 1.15 -1.43 -52.44 0.36 

Savalan×AS14 -0.014 -0.09 0.05 -0.01 -0.36 0.14 0.18 -0.1 0.15 16.71 -0.18 

Savalan××Stbr2 0.001 -0.03 -0.16 -0.05 1.37 0.04 0.21 -0.17 0.16 -37.04 0.36 

Savalan×HS 0.036 -0.05 -0.16 -0.06 0.27 -0.03 -0.208 0.3 0.19 -28.54 0.41 

Savalan×UT42 -0.034 0.04 0.25 0.22 0.27 0.22 0.092 -0.55 0.04 -41.04 -0.02 

Savalan×UT43 0.026 0.25 0.25 0.06 1.14 -0.05 -0.020 0.64 -0.28 84.96 0.07 

AS72×Savalan 0.036 -0.02 -0.47 -0.33 -3.73 -0.2 0.09 -0.35 0.22 -1.61 0.05 

AS72×Caeser -0.024 -0.15 -0.19 -0.4 1.97 -0.3 0.12 -0.09 -0.02 -16.44 0.07 

AS10××Savalan -0.204 0.2 0.09 0.05 0.57 0.01 0.3 -0.11 -0.07 21.59 -0.55 

AS10×Picasso -0.079 -0.27 0 -0.02 -0.78 0.08 -0.24 0.04 0.39 7.76 0 

AS10×Caeser 0.136 0.17 0.07 -0.12 1.27 -0.09 -0.97 0.16 -0.31 -3.24 0.28 

AS10×Satina 0.071 0.23 0.19 0.01 0.14 -0.15 0.33 -0.44 0.04 -87.58 0.05 

AS10×Daifela 0.096 -0.26 0 -0.27 0.80 0 0.48 0.23 -0.41 -58.91 0.29 

AS14×Savalan -0.014 -0.09 0.05 -0.01 0.64 0.14 0.18 -0.11 0.15 15.64 0.12 

AS14×Picasso -0.089 0.34 -0.04 0.02 -1.7 0.21 0.44 0.04 0.61 22.81 0.07 

AS14×Caeser 0.126 -0.32 0.03 0.02 0.35 0.04 0.01 0.16 -0.09 -0.19 0.04 
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AS14×Satina -0.139 -0.06 -0.35 0.05 -0.78 -2.02 -0.09 -0.44 0.06 -78.53 -0.29 

AS692×Savalan -0.104 -0.1 -0.01 0.17 -0.31 0.24 0.13 -0.07 0.17 23.39 -0.01 

AS692×Picasso 0.021 0.22 -0.1 0.2 -1.66 0.21 0.39 0.08 0.63 11.56 -0.15 

AS692×Caeser 0.036 -0.33 -0.03 0.09 0.39 0.14 -0.04 0.2 0.07 -11.44 -0.08 

AS12×Caeser 0.026 -0.2 -0.34 0.24 1.97 0.25 -0.28 0.41 -0.17 28.56 0.17 

AS20×Caeser 0.026 -0.15 0.09 0.12 1.22 0.1 -0.10 0.34 -0.14 58.06 -0.07 

AS20×Satina -0.039 0.19 0.02 0.25 1.09 0.04 -0.20 -0.26 0.11 -93.28 -0.4 

StbrKz×Savalan -0.139 -0.07 -0.07 0.12 -1.23 0.33 0.24 -0.48 0.55 9.39 0.02 

StbrKz×Caeser 0.101 -0.3 -0.09 0.04 -0.52 0.04 -0.03 -0.22 0.31 -26.44 0.04 

Stbr2×Savalan 0.001 -0.03 0.03 0.05 -4.63 0.11 0.21 -0.17 0.16 17.72 -0.05 

Stbr2×Picasso -0.074 0.29 0.74 -0.12 -0.98 -0.06 0.56 0.48 0.62 3.89 -0.1 

Stbr2×Caeser 0.141 -0.26 0.11 -0.12 1.07 -0.13 -0.06 0.09 -0.08 1.89 0.08 

HS×Caeser 0.176 0.6 0.12 -0.14 0.97 -0.04 -0.18 0.06 -0.25 -6.44 0.03 

HS×Daifela 0.136 -0.61 0.04 -0.28 2.5 0.06 0.07 0.13 -0.45 -45.11 0.04 

UT43×Daifela 0.126 -0.21 0.15 -0.16 1.38 -0.06 0.06 -0.02 -0.22 -80.11 0.11 

TY: Tuber yield; TSA: Tuber skin appearance; TF: Tuber form; ED: Eye dept; NS: Number of stem; LS: length of stolon; TDM: Tuber 

dry matter; SH: Stem height; TS: Tuber size; NTP: Number of Tuber per plant; TSU: Tuber size uniformity 

 

 

So UT43 (f and m), Agria (f) and Daifela (m) can be used as parent for production of 

hybrid varieties that have more tuber per plant. In crosses, SCA differed from -1.43 to 0.62 and 

among them, Stbr2×Picasso showed positive and high SCA effect than other crosses. Then in the 

next rankings, crosses are Picasso×AS14 and AS14×Picasso. These crosses can be noted in 

breeding program for increasing of number of tuber per plant. Uniformity of tuber size is one of 

the most important traits in potato breeding (DICK et al., 2010). AS10 (f), AS14 (f and m) and 

AS20 (f) had the highest and HS (f) and Stbr2 (f) had lowest GCA for tuber size uniformity. So, 

AS10 (f), AS14 (f and m) and AS20 (f) can be used as parents to produce hybrids with uniform 

tubers. In crosses, SCA differed from -0.55 to 0.49 and among them Luca×AS20 showed 

positive and high SCA effect than other crosses. Then in the next rankings, crosses are 

Luca×AS14.Uniformity of tuber size in this crosses was high than others partly. These crosses 

can be noted in breeding program for increasing of uniformity of tuber size. Yield has a complex 

inheritance and the many environmental factors affect it. The result indicated that lowest GCA 

was observed in Stbr2 (m) and highest GCA were observed inUT43 (f and m), AS10 (f), AS12 

(f), AS14 (f), Daifela (f) and Savalan(f). So UT43 (f and m), AS10 (f), AS12 (f), AS14 (f), 

Daifela (f) and Savalan (f) can be used as parent to produce of hybrids with high yield. SCA 

differed from -93.3 to 84.9 and among them Savalan×UT43 showed positive and high SCA 

effect than other crosses. Tuber yield in these crosses was high than other crosses too. Then in 

the next rankings, crosses are AS20×Caeser, Picasso×Stbr2 and Luca×Stbrkz. These crosses can 

be noted in breeding program for increasing of tuber yield. 

 

CONCLUSION 

In conclusion the study revealed that the presence of considerable variability in tested 

genotypes for morphological and yield traits and chance of selecting genotypes with high yield 
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which indicated evaluation of breeding materials at early generation can be a base for plant 

breeding to improve the crop through selection. Moreover, the estimates of heritability based on 

the growing potato genotypes at several locations for several years will help to the potato 

breeders in deciding about the breeding strategy.  
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Izvod 

Kod krompira (Solanum tuberosum L. 2n = 4k = 48) opšta kombinaciona sposobnost (GCA) 

roditelja i specifična kombinaciona sposobnost (SCA) ukrštanja su važni za osobine od 

ekonomskog značaja. Cilj ove studije bio je da se utvrde kombinacione sposobnosti prinosa 

krtola i njegove komponente kod sedam visoko prinosnih komercijalnih sorti krompira i 

pogodnih klonova krompira. Utvrđene su značajne razlike između roditelja u svim osobinama 

koje su povezane sa velikom genetskom raznolikoš u roditelja. GCA za oblik krtole, dužinu 

stolona i broj krtola po biljci bili su visoki, a za visinu stabljike, izgled pokožice krtole i  dubina 

okaca bili su niski. Procenjena heritabilnost je od 49 % za broj stabljike do 84 % u izgledu 

pokožice krtole. I heritabilnost i genetički progres kao procenat srednjih procena bili su visoki za 

prinos krtola, oblik krtola, dužinu stolona, veličinu krtole i broj krtola po biljci i uniformnost 

veličine krtola. Klonovi AS10, AS12, AS14 i UT43 bili su najbolji opšti kombinator za prinos 

krtola, uniformnost veličine krtola, dubina okaca, suvu materiju krtola i dužinu stolona. Efekti 

SCA su bili najve i u ukrštanjima Savalan   UT43,  uca   AS20, Stbr2   Savalan i  icasso   

HS za ispitivane  osobine. Savalan i UT43 su roditelji koji su se koristili u ukrštanjima I takođe 

imajli visoku GCA za proučavane osobine. Konačni rezultati pokazali su da su Savalan, UT43, 

AS10, AS12 i AS14 za ispitivane osobine bili sa visokom GCA i bolji od ostalih roditelja. 
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