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Abstract  

The experiment was carried out at ATTC  Fushë Krujë during 2014-2015 and 2015-2016. The experimental design  

was according to randomized complete block at 4 replications. The aim of the study was to determine the differences 

between 10 oat cultivars (A. sativa L.) for the grain yield and its related elements, and correlation coefficients between 

them. The correlation coefficients were determined between grain yield (GY) and plant height (PH), number of 

productive tillers m-2 (NPT), panicle length (PL), grain number panicle-1 (NGP), panicle weight (PW), 1000 grain 

weight (1000 GW), harvest index (HI). Based on the results of the correlation coefficients, GY was negatively 

correlated with PH (r = - 0.23), PT (r = -0.36) and 1000 GW (r = - 0.29). In addition, our study showed that taller stem 

cultivars had lower production than short stem cultivars, which is reflected in their lower production. This trait 

showed a strong positive correlation with PL (r = 0.31), NGP (r = 0.78), PW (r = 0.95) and HI (r = 0.97). The data 

showed that the cultivars with these higher traits showed a higher grain yield. In our study, the results of related 

correlations show that traits such as plant height, panicle length, grains number panicle -1, panicle weight and harvest 

index can be used as an evaluation criterion in breeding work with oats in the climatic conditions of Albania. 
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1. Introduction 

Oat (Avena sativa L.) is a cereal crop and used 

worldwide for human food and animal feed. 

Compared to other cereal crops, oats are thought to be 

more suitable for cultivation in marginal 

environments, including cool – wet climates and soil 

with low fertility [16]. However, the production of 

oats cannot compete with wheat and barley production 

in other areas of production. Thus, it is necessary to 

improve its grain production for most areas where 

crops are cultivated. Grain yield is the result of a 

number of complex morphological and physiological 

processes affecting each other and occurring in 

different stages of growth [11, 2]. Generally, the oat 

breeders select varieties based on grain yield and 

desirable traits, observed from heading to maturity. In 

addition to grain yield, these traits are the number of 

panicle per m2 or productive tillers per m2, plant 

height, number of grains per panicle, panicle weight, 

1000-grain weight, panicle length, harvest index, etc. 

There is a lot of agreement among plant breeders that 

related between agronomic traits are very important to 

increase the use of indirect selection to improve grain 

production [4]. Benin al., [4] reported that the direct 

and indirect effects of panicle weight, number of 

panicle/plant, and average grain weight may help to 

identify high-yielding oat plants and improve genetic 

gain. The number of panicle/plant seems to be the 

most closely related trait with grain production of 

individual oat plants (through the calculation of 

simple correlation) through direct effects on grain 

production [19]. Moradi et al., [20] also determined 

that the number of panicle per m2 and the number of 

grains/panicle showed highest direct effect on oat 

grain production. But for other cereal crops, grain 

production is reported to be affected by the direct 

effects of the total number of tillers and days to bloom 

(flowering) [3], the number of panicle/plant, the 

number of grains/panicle and the 1000- grain weight 

[29], number of grains/panicle and plant length [26], 
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productive tillers, panicle length and flowering time 

[17], plant height and number of tillers [18] number of 

panicles/plant  and spikelet’s/panicle, number of 

productive tillers, number of grains/panicle and 100 – 

grain weight and biological production, harvest index 

and 1000 – grain weight [27]. The purpose of this 

study was to evaluate the coefficients of correlation 

between grain yield and some agronomic traits such as 

plant height, number of productive tillers, panicle 

length, number of grains/ panicle, panicle weight, 

1000 – grain weight and harvest index in the 

conditions of Albania. 

2. Material and Methods 

Experiment was carried out during the years 2014 - 

2015 and 2015 - 2016 on the land of the Agricultural 

Transfer Center of Fushe Kruja, which is located in 

the geographical area 41o28'20.02 "N and 

19o40'38.56" E. The soil was sub-clay layer with 

neutral pH, medium in available nitrogen (0.1 - 

0.15%) and phosphorus (10-20 ppm) and rich in 

available potassium (8-15 ppm). The object of the 

study ware ten cultivars of oats, Timer Van Gele, 

Torpan, Bendo, Goka, Visto, Abed Minor, Argus and 

Këmishtaj (local cultivar) representing ten variants of 

the experiment. The experimental design was the 

randomized complete block with four replications and 

each variant (plot) had a size of 10 m2 (5 x 2 m). Six 

rows were planted in each variant (plot) with a 

distance of 20 cm between them. Planting was carried 

out at the beginning of November at a rate of 450 

seeds per m2. The agro-technology was the same as  

used in the common cultivation of oat. Agronomic 

characters recorded were: Plant height (PH) (cm), 

number of productive tillers per m2 (NPT), panicle 

length (PL cm), grains number panicle-1 (GNP), 

panicle weight (PW g), 1000 grain weight (1000 GW 

g), grain yield (GY kv / ha) and harvest index (HI) 

(%). For recording the data in the maturity stage, ten 

plants were randomly obtained for each variant (plot) 

in the four repetitions. The height of the plant (PH) in 

cm is calculated as the average of the length of ten 

plants by measuring from the base where the plant is 

related to the soil to the tip of the main plant panicle. 

The number of productive tillers (NPT) was made by 

counting productive tillers in one-meter length in the 

two middle rows of each variant (plot) and then 

converted into tillers per m2. The length of panicle 

(PL) in cm is calculated as the average of the length of 

panicles of the ten plants taken for analysis, by 

measuring the length of the panicle from its first 

branch to its peak. The number of grain per panicle 

(NGP) is calculated as the average of the grains for 

each panicle by thrashing them separately and 

counting them. At the same time their weighing was 

done and is calculated by the average weight of grains 

panicle in grams (PW) (g). The weight of 1000 grains 

(1000 grain weight) (g) is calculated as a weight 

average of 1000 grains by doing three tests for each 

variant in each of the four replications. Grain yield 

(GY) (kv/ha) was determined by weight of grain 

production after harvesting and threshing of the 

remaining surface. The harvest index (HI) (%) is 

calculated as the ratio of economic production (grain 

production) to biological production (straw production 

+ grain production). Harvest index = [economic 

production kv/ha (grain yield) / total biological 

production kv/ha (biological yield)] x 100. Statistical 

analysis: data were subjected to statistical analysis 

using the standard ANOVA procedure for the 

randomized block and averages between the traits 

were compared using the lowest certified difference 

(LSD) for the probability level P 0.05. The correlation 

coefficients between all the pairs of traits were 

calculated based on the Pearson method. 

3. Results and Discussion 

The observed traits are biometric or quantitative 

indicators in which, besides the genetic factor 

(inheritance), environmental factors and conditions of 

cultivation also influence. Differences from year to 

year are mainly due to the impact of environmental 

factors (weather conditions) while differences 

between genotypes (cultivars) are the result of genetic 

inheritance or genetic factor. The fact that variations 

between cultivars for the two years studied are on the 

same line, so the cultivars that had higher indices in 

the first year also appear in the second year of study 

shows that these differences among cultivars are 

influencing genetic factor. 

3.1. Plant height (cm) 

Plant height of different cultivars are given in Table 1. 

The variance analysis showed significant differences 

between them. These differences are the result of their 

genetic composition since agro-ecological factors and 

cultivation conditions were the same. The maximum 

plant height was recorded in cultivars Gele Van Timer 

and USO-32, (160.4 cm and 154.2 cm respectively), 

while the minimum value in the Flavia cultivar (118.5 
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cm). (Table 1). When oats are cultivated for grain 

production, high plant height is not always a desirable 

trait as it determines a greater tendency to lodging the 

plants, especially in heavy rainfall and strong winds 

and consequently (influencing) reduction of yield. 

Additionally, in our study it was found that taller stem 

cultivars had lower production than short-stem 

cultivars, which is reflected in their lower production 

and lower harvest index. 

Table 1. Average grain yield values and yield components 

Nr Cultivars 
PH 

(cm) 

NPT PL 

(cm) 

NGP 1000 

GW (g) 

PW 

(g) 

GY 

(kv/ha) 

HI 

(%) 

1 Gele Van Timer 160.4 409 33.1 135.9 21.6 2.9 42.0 25.7 

2 Torpan 133.0 423 32.8 159.6 23.8 3.8 53.5 33.45 

3 Bendo 135.2 407 36.3 153.5 23.5 3.6 52.0 32.6 

4 Goka 140.5 413 31 146.7 25.1 3.7 52.2 34.8 

5 Visto 139.2 397 33.3 128.3 23.4 3 46.7 29.3 

6 Abed minor 147.0 403 33.4 144.7 25.1 3.6 51.6 33.07 

7 Argus 131.6 474 37.8 134.0 24.7 3.3 47.5 28.98 

8 Këmishtaj 132.5 406 29.7 144.9 23.5 3.4 49.5 30.78 

9 Flavia 118.5 450 28.8 93.7 29.8 2.8 43.4 27.19 

10 USO-32 154.2 465 26 104.9 30.3 3.2 44.9 28.25 

11 LSD 0.05 6.23 18.7 2.43 5.06 0.92 0.48 3.6 0.83 

PH- Plant height,  NPT - number of productive tillers/m2, PL -  panicle lenght, NGP -  number of grain/panicle, 1000 GW  - 1000 

grain weight,  GY - grain yield, HI - harvest index  

 

3.2. Number of productive tillerss per m2 

The data showed significant differences among 

cultivars for the number of tillers per m2. Many 

authors [22, 30, 1] have found in their works that the 

number of tillers varies depending on the biological 

type of cultivars, results that are confirmed in our 

study. The maximum number of productive tillers per 

m2 was recorded in cultivars Argus, USO-32 and 

Flavia (474, 465 and 450 tillers per m2 respectively). 

The number of tillers per m2 is a parameter with a 

significant contribution to the yeild. In general, the 

number of tillers per m2 is directly proportional to the 

fresh fodder production, but in our case it did not 

affect the grain yield of oats. Indeed, the three 

cultivars above mentioned, although had a larger 

number of productive tillers per m2, grain production 

was lower, respectively (47.5, 43.4 and 44.9 kv / ha). 

All the other cultivars had similar results for this 

parameter. 

3.3. Panicle length 

The average data of two years showed that genotypes 

differ between them for the length of panicle. The 

values of this trait vary from 26 cm to 37.8 cm. The 

largest panicle cultivars resulted in higher grain 

production. This is explained by the fact that this trait 

has also affected other production traits such as the 

number of grain/panicle and panicle weight. Our data 

are consistent with the literature conclusions [30] 

where it is reported that panicle length is affected 

more by genetic factors. 

3.4. Number of grain/panicle and panicle weight 

The number of grain per panicle and the weight of 

panicle is a major traits for the production of oats. Our 

data showed the difference between years and 

cultivars (genotypes) for these indicators. The change 

in years was due to the impact of environmental 

conditions, while the difference between cultivars 

(genotypes) was due to genetic influence. The average 

number of grain/panicle was 134.6. The maximum 

number of grain/panicle was recorded in the cultivar 

Torpan (159.6) and local cultivar Këmishtaj (144.9). 

Cultivar Flavia was found to be inferior to this trait 

(93.7). The average value of the panicle weight trait 

was 3.33g. The maximum value was recorded in 

cultivars Torpan and Goka 3.8 and 3.7 g, respectively 

and lower values in cultivars Flavia and Gele van 

Timer 2.8 and 2.9 gr, respectively. The data showed 

that the cultivars with high values of this trait, allways 

associated  with a higher grain yield. 

3.5. 1000 grain weight 

This trait describes the size and nutritional values of 

the grain. This trait  is influenced by genetic factors, 
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agroecological conditions and cultivation technology. 

It is important to note that the weight of 1000 grains 

did not change significantly from year to year, This 

fact shows that the trait is affected by genetic factors 

In the previous works of many authors [7, 21, 5, 30, 

6], differences between oat genotypes are reported for 

the weight of 1000 grains. The weight of 1000 grains 

is a factor that best describes the potentials for high 

production of cultivars. The data is presented in Table 

1 and the differences among cultivars for this trait 

were significativ (P <0.05) The weight of 1000 grains 

varies between 21.56 and 30.3 g. This trait was higher 

for USO-32 and Flavia cultivars 30.3. and 29.8 g 

respectively. Cultivar Gele Van Timer had the lowest 

weight of 1000-grains with 21.56 g. 

3.6. Harvest index 

The harvest index is an important factor in plant 

production and its improvement has been one of the 

greatest achievements that distinguish cultivated 

varieties from wild ones [12, 14]. Thus a high harvest 

index means that the allocation of carbon is directed 

to grain rather than biomass production and a high 

harvest index can be considered as a good trait in the 

selection of  crops for high yield. In our study, the 

Harvest Index (HI) also showed a high level of 

variation among cultivars. According to Peltonen-

Sainio et al. [23], this confirms the complex nature of 

HI and its dependence on the components that 

determine it (biological and coconut production). 

Based on the two-year study data, the highest harvest 

index was obtained from Goka cultivar (34.8), with a 

significant difference  compared to other cultivars in 

the study. It followed by Torpan (33.45) and Abed 

minor (33.07) that were in the same group. The lowest 

harvest index was obtained from the Gele Van Timer 

cultivar (25.7). 

3.7. Grain yield 

The two-year average data presented in Table 1 

showed significant differences, not only between 

cultivars (due to their different genetic construct), but 

also differences between the years (due to the impact 

of climatic conditions). The highest yield was 

obtained from Torpan and Goga cultivars with 53.5 

and 52.2 kv/ha respectively. Also, cultivars Bendo (52 

kv/ha) and Abed minor (51.6 kv/ha) were cultivars 

with higher production than other cultivars and these 

cultivars are in the same group with Torpan cultivar. 

The above mentioned cultivars, compared to the 

average yield of all varieties (45.7 kv / ha), provided 

higher grain yield at rate 17.1%, 14.2%, 13.7% and 

12.9% respectively. The highest production in 

cultivars Torpan, Goga and Bendo was related to 

production traits. In these cultivars, traits such as 

panicle length  (32.8, 31, 36.3), number grains/panicle 

(159.9, 146.7, 153.5) and the panicle weight (3.8, 3.7, 

3.6) were higher than other cultivars. As the average 

of two years the lowest grain yield (42 kv / ha) was 

obtained from cultivar Gele Van Timer. Other 

cultivars like Flavia (43.4 kv / ha) and USO-32 (44.9 

kv / ha) belong to the same group as regards grain 

production. The remaining cultivars, including the 

local cultivar (Këmishtaj), occupy an intermediate 

position between the two above-mentioned groups. 

Similar results in line with our findings have been 

reported by previous studies [31]. Dokuyucu et al. 

[11] reported the great importance of the genetic 

structure in production. In the literature, various 

authors [8] concluded that differences in grain 

production and weight of 1000 grains are affected by 

genetic factors. Other courses [24] suggest their use as 

criteria for selection of crops with grain yield and high 

biomass. In addition to the genetic factor in some 

studies [10], it was determined that wheat yields were 

more influenced by environmental factors rather than 

genetic factors. While in some others [28] it is 

concluded that cereal production was influenced by 

both climatic conditions and genetic factors. Nawaz et 

al. [22], showed that grain yield varied for all 

cultivars. Gautam et al. [13], determined a major 

difference in wheat yield among genotypes. 

Buerstmayr et al. [6], found substantive genetic 

differences and high inheritance for grain yield 

between genotypes. Ahmad et al. [1], also reported 

that grain yield is affected by genetic factors. 

3.8. Correlations between studied traits  

The correlation coefficients between all pairs of 

studied traits in this experiment are given in Table 2. 

3.8.1. Plant height x other variables 

Based on the obtained results, there is a non-

significant and negative correlation between the plant 

height (PH) and other studied traits. This coefficient is 

higher but in the negative value between the pair of 

traits as plant height (PH) x grain yield (GY) (r = - 

0.23) and plant (PH) height x weight of 1000 grains 

(GW) (r = - 0.21). This situation can be explained by 

the fact that higher stem plants are more likely to 

lodging. Also other authors in their studies [6] found 

significant and negative correlations between plant 
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height and grain yield in oat plants and at the same 

time that the plant height and lodging were also 

positively related. Likewise, [25] it is reported that 

short stem cereal crops are associated with increased 

yield. These results are consistent with our results. 

Table 2. Coefficients of correlation between the studied traits 

 

  

PH  NPT PL 

 

NGP  GW  PW 

 

GY 

 

HI 

 

PH  1        

NPT  -0.19 1       

PL  -0.10 -0.16 1      

NPG  0.10 -0.57** 0.57** 1     

GW  
-0.21* 0.66** -0.66** -0.79** 1    

PW  -0.04 -0.24* 0.25* 0.78** -0.25* 1   

GY  -0.23* -0.36* 0.31* 0.78** -0.29* 0.95** 1  

HI  -0.17 -0.39* 0.19 0.70** -0.20* 0.93** 0.97** 1 

PH- Plant height,  NPT - number of productive tillers/m2, PL -  panicle length, NGP -  number of grain/panicle, GW  - 1000 grain 

weight,  GY - grain yield, HI - harvest index  

 

3.8.2. Correlation between grain yield and 

production traits 

Grain yields (GY) showed a strong positive 

correlation with panicle weight (PW) (r = 0.95), 

harvest index (HI) (r = 0.93), number of grains/panicle 

(NGP) (r = 0.78) and panicle length (PL) (r = 0.31). 

Also, the number of grains/panicle showed a high 

positive correlation with the weight of panicle (r = 

0.78) and the harvest index (r = 0.7). So, the bigger 

the number of grains/panicle, the greater the panicle 

weight and consequently the higher yield of the grain. 

Our data is consistent with the findings of other 

authors [9]. Therefore, selection of these traits can be 

effective in improving oat grain production.  

The number of productive tillers per m2 (NPT) 

showed a positive correlation with 1000 grain weight 

(GW) (r = 0.66), and with traits such as panicle length 

(PL), number of grain/panicle (NGP), panicle weight 

(PW), grain yield (GY) and harvest index (HI) (r = - 

0.16, r = - 0.57, r = - 0.24, r = - 0.36 and r = - 0.39 

respectively) showed negative correlation. 

The weight of 1000 grains (GW) is an important trait 

of production, but in our study it resulted in negative 

correlation with plant height (r = - 0.21), panicle 

length (r = - 0.66), number of grains/panicle (r = - 

0.79), panicle weight (r = - 0.25), grain yield (r = - 

0.29) and harvest index (r = - 0.20). Our data are 

consistent with the previous findings of Hasan et al. 

[15]. 

4. Conclusions 

Based on correlation coefficients, grain yield had a 

strong positive correlation with traits: panicle length, 

number of grains/panicle and panicle weight, traits 

that are defined as the best selection criteria for 

improving oat grain production. On the other hand, 

the number of productive tillers per square meter 

exhibited a strong positive correlation with the weight 

of 1000 grains, while the number of grains/panicle 

showed a negative correlation to the weight of 1000 

grains, so these traits could be considered as important 

criteria for improvement of the weight of 1000 seeds. 
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