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Abstract 
 
Evaluation of fruit varieties in plants grown under certain environmental conditions raises some 
issues of causation and the amount for those features. Involvement of genotype and environment 
on production and fruit characteristics require a strict separation in the contribution of each. 
Hazelnut varieties behave differently depending on environmental conditions. Research 
conducted on other fruit species in different environmental conditions showed that genotype 
influence stronger than some environmental characteristics (Botu I., et al., Botu M. 1999). 
Biological material was composed of 14 varieties of hazel from National Collection of RSFG 
Valcea during the age of 10 to 20 years of planting (full production). Plants were conducted with 
one trunk at distances of 5 x 3 m (667 pl. / ha). Fruit production / ha was recorded during 11 years, 
and fruit’s weight in 10 years, consecutively. Evaluation and quantification of the production and 
weight for some varieties of hazelnuts and an ecological areas of culture are possible using 
analysis of variance (Two - Way ANOVA, with repetitions), emphasizing the influences produced 
because of the genotype, environment and G x M; Analysis of the influence of G, M and G x M, of 
several characteristics of hazel varieties can help choosing varieties with high vocation valuable 
crop for certain ecological areas. 
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1. Introduction 
 

Evaluation of fruit varieties in plants grown under certain environmental conditions raises some 
issues of causation and the amount for those features. 

Involvement of genotype and environment on production and fruit characteristics require a strict 
separation in the contribution of each. Hazelnut varieties behave differently depending on environmental 
conditions. Research conducted on other fruit species in different environmental conditions showed that 
genotype influence was stronger than some environmental characteristics (Botu I., et al, Botu M. 1999). 

Other influences occurred due to significant influence and genotype x environment interaction. On 
have made determinations based on the analysis of variance, as the methodologies proposed by 
Falconer DS, 1981, Zarra JH, 1984 R. Sokal and J. Rohlf, 1995, Botu I. and Botu M. 2003. 

The purpose of the paper is to assess the influence that these factors produce on the production of 
fruit and hazelnuts weight, the genotype, environment and genotype x environment, hazelnut varieties in 
specific ecological conditions Carpathian region of Oltenia. 
 
2. Material and methods 
 

Biological material was composed of 14 varieties of hazel from National Collection of RSFG Valcea 
during the age of 10 to 20 years of planting (full production). Plants were conducted with one trunk at 
distances of 5 x 3 m (667 pl. / ha). 

Fruit production / ha was recorded during 11 years, and fruit’s weight in 10 years, consecutively. 
Measurement of the influence of genotype (variety) and environment (years) and genotype x 

environment have been conducted using analysis of variance, Two - Way ANOVA with repetition (Sokal 
and Rohlf, 1995). Interpretations were based on estimated variance (s2), wait (δ2) and coefficient of 
variation (s%). Testing was done with the F-test results and test "t multiple. 

With the expected variance (δ2), was able to quantify the amount of production resulting from the 
influence of G, M and G x M. 
 
3. Results and discussions 

 

Hazelnut varieties studied are of different geographical origin and very popular in culture. In terms 
of Northern Oltenia hazelnut production achieved between 1.46 t / ha (‘Daviana’) and 3.08 t / ha (‘Valcea 
22’).  
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Most varieties present a good average production of over 2.0 t / ha, without irrigation. There are 
differences between hazelnut varieties average production (11 years) and in each year (Table 1). The 
most productive varieties were established to be: ‘Valcea 22’, ‘Ennis’ and ‘Romavel’, all with very 
significant production from the rest of varieties. 

Are remarkable as high and stable production, varieties as: ‘Long of Spain’, ‘Buttler’, ‘TGDL’, 
‘Halle’s Giant’, ‘Cozia’, etc. Hazelnut production in the hills of Oltenia is dependent on many factors 
(Table no. 2). The calculation of estimated variance (s2) emphasize the influence caused by the genotype 
(variety), environment (years), GXM interaction and error. F-test indicates the estimated values of 
variance of these factors very significant compared to error variance. 

To determine the expected variance δ2 we have used the formulas adopted by Sokal and Rohlf 
(1995), as follows: 

 
δ 2 error = s2 error 

δ 2 GxM = n  s2  GxM + δ 2 Є= 
n

sGXM ρ 22

∈
−

 

 δ 2M(ani) = g s2M +  δ 2Є + δ 2GxM = 
g

GxMMs ρρ 222 −−
∈  

 δ2G(soi) = Ms2G + δ2Є + δ2 M = 
m

MGs ρρ
ε

222 −−
  

 Where:      n = pairs of years = 2 
     g = genotype or variety = 14 
     m = years or environment = 11 

In addition the expected variances (δ 2T =  0.402) , and δ 2T= VT (phenotypic) VT = VG + VM + VG 
x M +  VЄ =  δ 2G +  δ 2M +  δ 2GxM + δ 2Є. 

In table 2 were calculated quantitative yields and the average percentage of the production of all 
varieties (14) in the years of study (11). 

From these determinations result that the genotype (variety) to hazelnut grown in Northern Oltenia 
is responsible for 48.2% of total production of fruits, while the environmental impact by 25,6%, Genotype 
x Environment interaction with 16,2% and the remaining 10,0% is due to other factors or unknown error. 

Table 3 has been done to assess the influence of hazelnut production for each variety individually, 
using the general determinations.  

Each variety of hazelnut presents a production determinates differently by genotype, environment 
and genotype x environment. 

Quantitative value of production determined by genotype varies between 0.704 t / ha (‘Daviana’) 
and 1.485 t / ha (‘Vâlcea 22’) and those due to environment between 0.374 t / ha (‘Daviana’) and 0.788 t / 
ha (‘Vâlcea 22’). 

Genotype x environment interaction, with the percentage value of 16.2%, representing a 
quantitative value of 0.236 to 0.499 t / ha and is the extent to which a variety respond positively of 
environmental conditions of an area. The coefficient of variation of hazelnut production for each variety 
gives a measure to ensure consistent production every year. Some varieties have a coefficient of 
variation of average size (‘Cosford’, ‘Cozia’, ‘Ennis’, ‘Furfulak’, ‘Vâlcea 22’), other varieties have big 
coefficient of variation (below 30%). ‘Long of Spain’ (38.0%) and ‘Halle’s Giant’ (36.5%) varieties have 
very high values of the coefficient of variation, which shows great variation in production from year to 
year. 

Along with determining the influence of genotype, environment and GXM on the production of 
hazelnuts was determined and the influence of these factors on the weight of fruit in those varieties. 

Given that both features have mutagenic determinism, but different we have decided to establish 
how much influence their difference (Table no. 4). 

Estimated variance (s2) is dominated by values due to genotype and environment, both being 
highly significant. GXM interaction is very small (negligible). Calculation of expected variance (δ2) is 
0.556, corresponding VT (phenotypic variance). Comparison of expected variance Gδ

2 in weight 
percentage of a hazelnut results a influence of 86.87%, corresponding to 2.67 g quantity. 

Environment influences weight hazelnut with 0.92% (0.03 g), and GXM interaction with 3.59% (0,11 
g). The remaining 8.62% (0.27 g) is due to errors (other causes). 

For both characteristics genotype (G) major influence production (48.2%) and strong fruit weight 
(86.87%). The phenomenon can be explained by the fact that the number of genes involved in the 
determinism of production is much larger and more powerful influence than for fruit weight. 
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Production is influenced by environment in a percentage of 25.6% and the weight of fruit on a  the 
rate of 0.92%. Interaction G x M is 16.2% for fruit production and only 3.59% in fruit weight. 
 
4. Conclusions 
 

1. Evaluation and quantification of the production  and weight for some varieties of hazelnuts and an 
ecological areas of culture are possible using analysis of variance (Two - Way ANOVA, with 
repetition), emphasizing the influences produced because of the genotype, environment and G x 
M; 

2. Genotype influences the production of hazelnut at the level of 48.2% and fruit weight at the rate 
of 86.87%, depending on the number of genes involved both quantitative characteristics. 

3. Environment influences production with 25.6%, but the weight of hazelnuts is very little affected, 
with only 0.92%; 

4. Interaction G x M is stronger in the production case (16.2%) and very low in weight of hazelnuts 
(3.59%). 

5. Analysis of the influence of G, M and G x M, of several characteristics of hazel varieties can help 
choosing varieties with high vocation valuable crop for certain ecological areas. 
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Tables and Figures 
 
Table 1. Production differences between pairs of varieties of hazelnut, at SCDP Vâlcea (11 years) 
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Vâlcea 22 3.08 X 0.13 * 
0.21 

*** 
0.54 

*** 
0.69 

***  
0.78 

*** 
0.89 

*** 
0.91 

*** 
0.92 

*** 
0.96 

*** 
1.02 

*** 
1.24 

*** 
1.31 

*** 
1.62 

Ennis 2.95  X 0.08 *** 
0.41 

*** 
0.56 

*** 
0.65 

***  
0.76 

*** 
0.78 

*** 
0.79 

*** 
0.83 

*** 
0.89 

*** 
1.11 

*** 
1.18 

*** 
1.49 

Romavel 2.87   X *** 
0.33 

*** 
0.48 

*** 
0.57 

*** 
0.68 

*** 
0.70 

*** 
0.71 

*** 
0.75 

*** 
0.81 

*** 
1.03 

*** 
1.10 

*** 
1.41 

Lungi de 
Spania 

2.54    X 0.15 ** 
0.24 

*** 
0.35 

*** 
0.37 

*** 
0.38 

*** 
0.42 

*** 
0.48 

*** 
0.70 

*** 
0.77 

*** 
1.08 

Butler  2.39     X 0.09 * 
0.20 

* 
0.22 

** 
0.23 

** 
0.27 

*** 
0.33 

*** 
0.55 

*** 
0.62 

*** 
0.93 

TGDL 2.30      X 0.11 0.13 0.14 * 
0.18 

** 
0.24 

*** 
0.46 

*** 
0.53 

*** 
0.84 

Furfulak 2.19       X 0.02 0.03 0.07 0.13 *** 
0.35 

*** 
0.42 

*** 
0.73 

Red 
Lambert  

2.173. 
 

       X 0.01 0.05 0.11 *** 
0.33 

*** 
0.40 

*** 
0.71 

Uriaşe de 
Halle 

2.16         X 0.04 0.10 *** 
0.32 

*** 
0.39 

*** 
0.70 

Cozia 2.12          X 0.06 ** 
0.28 

*** 
0.35 

*** 
0.66 

Gunslebert 2.06           X * 
0.22 

*** 
0.29 

*** 
0.60 

Cosford 1.84            X 0.07 *** 
0.38 

Toda 
romana 

1.77             X *** 
0.31 

Daviana 1,46              X 
DL 5.0% = 0.168 t 
DL 1.0% = 0.222 t 
DL 0.1% = 0.285 
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Table 2 Determination of genotype and environment influence on hazelnut average production 
using analysis of variance 
 

Variation 
 

Calculation of average 
annual production based 
on expected variance (δ2) 

 

Variation 
source  

 
SPA  

Degrees of 
freedom 

 
Estimate s2 F test  Expected  

δ2 
Production 

(t/ha) 
Production  

(%) 
Genotype 
(cultivar)  30.37 13 2.34 58.5 

*** 0.194 1.098 48.2 

Environment  
(years) 15.42 10 1.54 38.5 

*** 0.103 0.585 25.6 

Genotype x 
Environment 22.69 130 0.17 4.25 

*** 0.064 0.369 16.2 

Error 6.38 154 0.04 - 0.040 0.228 10.0 
Total  74.86 307 - - 0.402 2.28 100.0 

 
FG5% (13/154)= 1.82  FG1% (13/154)=2.30 
FM5% (10/154)= 1.89                 FM1% (10/154)= 2.44 
F G x M  5% (130/154)= 1.34        F G x M  1% (10/154)= 1.51 
 
Table 3 Determination of fruit production by variety according to the influence of genotype, 
environment and G x M error using analysis of variance (s2 and δ2) 

            
Calculating production based on expected 

variance δ2 (t / ha) 
 No. Variety  

Average 
production 

(t/ha) 
(11 years) Genotype Environment G x M Error 

Influence 
over Mt. 

(Genotype)  
% 

The 
coefficient of 
variation of  
hazelnut 

production 
s% 

1 Butler 2.39 1.152 0.612 0.387 0.239 110.1 20.0 
2 Cosford 1.84 0.887 0.471 0.298 0.184 84.8 15.2 
3 Cozia 2.12 1.022 0.543 0.343 0.212 97.7 16.5 
4 Daviana 1.46 0.704 0.374 0.236 0.146 67.3 20.5 
5 Ennis 2.95 1.422 0.755 0.478 0.295 135.9 15.6 
6 Gunslebert 2.06 0.993 0.527 0.334 0.206 94.9 27.2 

7 Lungi de 
Spania 2.54 1.224 0.651 0.411 0.254 117.1 38.0 

8 Tonda 
Romana 1.77 0.853 0.453 0.287 0.177 81.6 20.3 

9 TGDL 2.30 1.109 0.589 0.372 0.230 106.0 30.4 
10 Romavel 2.87 1.383 0.735 0.465 0.287 132.3 20.2 
11 Furfulak 2.19 1.055 0.561 0.355 0.219 100.9 13.2 
12 Vâlcea 22 3.08 1.485 0.788 0.499 0.308 141.9 19.8 

13 Uriaş de 
Halle 2.16 1.041 0.553 0.350 0.216 99.5 36.5 

14 
Red 

Lambert 
(Mt.)  

2.17 1.046 0.556 0.351 0.217 100.0 29.9 

Expected 
variance - 48.2 25.6 16.2 10.0   

 
X = 2.28 t/ha  
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Table 4 Determination of genotype and environment influence on the weight of hazelnuts with 
variance analysis 

 

Variation 
 

Determination of 
hazelnuts weights 

depending on the variable 
expected (δ2) 

 

Variation 
source  

 
SPA  

Degrees 
of freedom 

 
Estimate 

s2 F test  Expected  
δ2 

Average 
weight 
g/pice 

Weight 
percentage 

 (%) 
Genotype 
(cultivar)  63.69 13 4.90 102.08*** 0.483 2.67 86.87 

Environment  
(years) 1.26 9 0.14 2.91*** 0.0051 0.03 0.92 

Genotype x 
Environment 0.83 117 0.007 0.14 n.s. 0.020 0.11 3.59 

Error 6.76 140 0.048 - 0.048 0.27 8.62 
Total  72.54 279 - - 0.556 3.08 100 

 
FG5% (13/154)= 1.82  FG1% (13/154)=2.30 
FM5% (10/154)= 1.89                  FM1% (10/154)= 2.4 
F G x M  5% (130/154)= 1.34         F G x M  1% (10/154)= 1.51 

 
 
 
 
 
 
 
 
     

       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The hazelnut National Collection at SCDP Valcea 
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Fig. 2 Hazelnut variety 


