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Abstract 
 
The study analyzed the variation of some biometric parameters of apple fruits, the 'Generos' variety, in relation to 
physiological indices, under the influence of foliar fertilizers. The experiment included 9 experimental variants, a 
control variant (T1) and 8 fertilized variants (T2 - T9) with foliar fertilizers: Foliarel combined with Uwafol, Waterfert, 
Biocomplex, Megafol and Calcium chloride. Fruit diameter (FD) and fruit weight (FW) were analyzed in relation to 
leaf area (LA) and chlorophyll content (Chl). The regression analysis facilitated the obtaining of mathematical models 
that described FD and FW variation in relation to LA and Chl, in statistical safety conditions. The optimal values for 
LA and Chl were determined and graphical representation of the FD and FW variation in relation to LA and Chl, in the 
form of isoquants, were generated. Based on PCA, PC1 explained 87.947% of variance, and PC2 explained 11.39% of 
variance. Grouping of variants based on affinity, under conditions of Coph.corr = 0.981, were obtained. According to 
similarity and distance indices (SDI), the highest affinity was recorded for T3 and T9 variants (SDI = 0.3027). 
 
Key words: apple, mathematical model, PCA, physiological indices, similarity. 
 
INTRODUCTION 
 
Plant physiological indices and plant 
physiological response have been intensively 
studied in relation to different biotic and abiotic 
factors of influence (Jing et al., 2016), and 
numerous studies have been conducted in the 
context of climate change regarding plant 
physiological responses (Becklin et al., 2016; 
Gray and Brady, 2016; Zhou et al., 2017; Raza 
et al., 2019). 
Physiological indices express the plant's 
vegetative state, plant relationship with the 
nutritional environment, the stages of plant 
development, the harvest quality (Nemeskéri 
and Helyes, 2019; Wang et al., 2019). On 
different crop plants, physiological indices 
were studied in relation to water regime 
(Lepaja et al., 2019; Nemeskéri and Helyes, 
2019), in relation to plant nutrition (Wünsche 
and Lakso, 2000; Janusauskaite et al., 2017; 
Datcu et al., 2018; Belhassine et al., 2019), to 
productivity elements (Rawashdeh and Sala, 
2016), with production and its quality (Jivan 
and Sala, 2014; Rawashdeh and Sala, 2015; 
Căbăroiu et al., 2019), or with stress factors 
(Füzy et al., 2019). In apple trees and apple 
orchards, physiological indices were studied in 

relation to different interstocks (Zhao et al., 
2015), in relation to different apple varieties 
(Ghafir et al., 2009), to plant stress tolerance 
and apple rootstocks (Wang et al., 2018), and in 
relation to physiological disorders in fruits 
(Martins et al., 2013). 
Mineral elements have a differentiated role in 
the nutrition of fruit trees in relation to the 
species, genotype, age of trees, vegetation 
conditions, vegetation cycle of trees, etc. (Ding 
et al., 2017; Cruz et al., 2019; Valverdi et al., 
2019). The relationship of mineral elements 
with fruit trees, at the level of physiological 
indices, physiological processes, fruits and their 
quality, was studied in relation to different 
fertilizers application, in soil or foliar (Amiri et 
al., 2008; Jivan and Sala, 2012; 2014). Mineral 
elements reserve in wood structure of the fruit 
trees was studied based on the importance for 
the shoots maturation, for fruit buds 
differentiation, the start of buds vegetation, 
formation and quality of fruit production etc. 
(Sorrenti et al., 2017; Carranca et al., 2018). 
Studies on the influence of mineral elements on 
production, fruit quality indices, and fruit 
storage have been carried out in different 
horticultural species and genotypes in relation 
to various soil and climatic conditions and 
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evaluation methods (Campeanu et al., 2009; 
Dobrei et al., 2009; Blidariu and Sala, 2012; 
Ikinci et al., 2014; Wang et al., 2015; Agnolet 
et al., 2017). 
The present study evaluated the variation of 
some biometric parameters of apple fruits in 
relation to physiological indices and evaluated 
the safety degree of some mathematical models 
to describe this variation. 
 
MATERIALS AND METHODS 
 
The aim of the study was to evaluate the 
variation of some biometric parameters of fruits 
in relation to apple physiological indices, under 
the influence of foliar fertilization and to found 
mathematical models to describe these 
relationships in statistical safety conditions. 
The study was conducted in Fruit-Vine 
Research Center, Didactic and Experimental 
Station, USAMVB Timisoara, 2011 and 2012 
period. The biological material was represented 
by the 'Generos' apple variety, cultivated in a 
semi-intensive system. 
Five foliar fertilizers were used, compared with 
a control variant (T1). From the foliar 
fertilizers combination resulted experimental 
variants: T2 (Foliarel + Uwafol), T3 (Foliarel + 
Uwafol + Ca), T4 (Foliarel + Waterfert), T5 
(Foliarel + Waterfert + Ca), T6 (Foliarel + 
Biocomplex), T7 (Foliarel + Biocomplex + 
Ca), T8 (Foliarel + Megafol), T9 (Foliarel + 
Megafol + Ca). Calcium was used as calcium 
chloride (CaCl2). Three foliar treatments were 
applied. 
Leaf area (LA) and chlorophyll content (Chl) 
were evaluated. Leaf area was determined by 
non-destructive method, based on the 
dimensional parameters of the leaves (length - 
L, and width - W) and a correction factor (CF), 
according to a general relationship of type as 
LA = L·W·CF. Chlorophyll content was 
determined with a portable chlorophyll meter 
(SPAD 502 Plus, Konica Minolta) with 
accuracy of ± 0.2 SPAD units.  
Fruit quality was evaluated based on biometric 
parameters, FD - fruit diameter, and FW - fruit 
weight. 
Fruits diameter was determined by 
measurement with an electronic calliper, with 
accuracy of ± 0.001 mm, and fruit weight was 
measured with a laboratory balance, with 

accuracy of ± 0.005 g. 
Experimental data were analyzed to evidence 
the presence of variance and overall statistical 
safety (ANOVA test). The level of correlation 
between physiological indices and quality 
parameters was evaluated. LA and Chl 
contribution to FD and FW variation was 
analyzed, and the optimal level of LA and Chl 
was determined to ensure FD and FW in the 
experimental conditions. Correlation and 
regression coefficients (r, R2), cophenetic 
coefficient, p parameter and F-test were used to 
evaluate the safety of the results. 
 
RESULTS AND DISCUSSIONS 
 
Foliar fertilization applied to apple, the 
'Generos' variety, influenced the values of 
physiological indices and photosynthetic 
processes, a fact highlighted at the level of leaf 
area (LA), chlorophyll content (Chl) and fruit 
size (FD - fruit diameter, FW - weight fruit). 
The values recorded for the physiological 
indices and for the fruits biometric parameters 
are presented in Table 1. 
 
Table 1. Physiological indices and biometric parameters 

values of apple fruits, 'Generos' variety  
(average values 2011-2012) 

Trial 
LA Chl FD FW 

(cm2) SPAD 
units (mm) (g) 

T1 30.26 43.27 60.88 92.225 
T2 32.52 46.86 62.72 112.008 
T3 33.84 48.77 64.54 118.428 
T4 40.70 54.61 63.98 118.630 
T5 44.50 56.78 64.48 119.018 
T6 35.28 50.06 65.17 120.960 
T7 39.94 54.26 66.42 123.435 
T8 37.13 52.36 63.19 117.450 
T9 38.67 54.71 64.24 118.468 
SE ±1.48 ±1.46 ±0.52 ±3.09 

 
Physiological index LA recorded values 
between 30.26 ± 1.48 cm2 in the control variant 
(T1), and 44.50 ± 1.48 cm2 in the T5 variant. A 
specific variation, in relation to the 
experimental variants, recorded the chlorophyll 
content (Chl), with the value 43.27 ± 1.46 
SPAD units at T1 variant, and 56.78 ± 1.46 
SPAD units at T5 variant. The parameter FD 

 

(fruit diameter) recorded values between 60.88 
± 0.52 mm for the control variant (T1) and 
66.42 ± 0.52 mm for the T7 variant. The fruit 
weight (FW) parameter recorded values 
between 92.225 ± 2.09 g for the control variant 
(T1), and 120.960 ± 3.09 g for the T6 variant. 
The statistical safety and the presence of 
variance in the data set (average values 2011-
2012) was confirmed by the ANOVA test, 
according to the values of the parameters p and 
F-test, for Alpha = 0.001 (p<<0.001; F>> 
Fcrit). The correlation analysis on the 
experimental data set revealed the existence of 
a very strong positive correlation between LA 
and Chl (r = 0.967), strong positive correlations 
between FD and FW (r = 0.899), and moderate 
and weak correlations between FW and LA (r = 
0.664), FW and Chl (r = 0.776), FD and LA (r 
= 0.604), and between FD and Chl, respectively 
(r = 0.680). 
The interdependence relationship identified 
between LA and Chl under the influence of 
foliar fertilization, was described by equation 
(1), under conditions of R2 = 0.989, p<<0.001, 
F = 292.08. 
 

93.54818.405194.0LA 2 −+−= ChlChl   (1) 
 
Dependency relationships were found between 
the fruits biometric parameters (FD and FW) 
and the physiological indices, LA and Chl.  
The variation of the FD parameter depending of 
LA was described by equation (2), but under 
low statistical safety conditions (R2 = 0.592,      
p = 0.0678, F = 4.354).  
The variation of FD in relation to Chl was 
described by equation (3) under conditions of 
moderate statistical safety (R2 = 0.639,              
p = 0.0471, F = 5.3066). 
 

217.4LA036.3LA03792.0FD 2 ++−=   (2) 
 

05.45Chl122.4Chl03867.0FD 2 −+−=   (3) 
 
Fruit weight (FW) registered a much closer 
variation in relation to the values of the two 
physiological indices, LA and Chl. Thus, the 
regression analysis led to equation (4) which 
described the variation of FW values in relation 
to LA under high statistical safety conditions 
(R2 = 0.802, p = 0.0077, F = 12.153). Also, the 
regression analysis resulted in equation (5) 

which described the variation of FW in relation 
to Chl, in very high statistical safety conditions 
(R2 = 0.934, p = 0.00029, F = 42.201). 
Graphical distribution is presented in Figure 1. 
 

1.321LA37.22LA2819.0FW 2 −+−=            (4) 

7.746Chl9.32Chl3117.0FW 2 −+−=              (5) 
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Figure 1. Graphical distribution of the FW parameter 
variation according to Chl in apple, 'Generos' variety 

 
The interdependence relationship between 
fruits biometric parameters (FD and FW) was 
described by equation (6) under very high 
statistical safety conditions (R2 = 0.967, 
p<<0.001, F = 87.832). 
 

5045FD157FD193.1FW 2 −+−=   (6) 
 
Principal Component Analysis led to the 
diagram in Figure 2, which includes the 
distribution of variants (T1-T9) in relation to 
the indices and parameters studied (LA, Chl, 
FD and FW, as biplots). PC1 explained 
87.947% of variance, and PC2 explained 
11.39% of variance. 
Cluster analysis led to the grouping of affinity-
based variants in relation to fruit biometric 
parameters (FD and FW), in statistical safety 
conditions (Coph.corr = 0.981). The separate 
positioning of the control variant T1 (Ct) was 
found, with the lowest values for parameters 
FD and FW (cluster C1). T2-T9 variants were 
grouped based on affinity in a cluster (C2) with 
several sub-clusters. Variant T2 occupied a 
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evaluation methods (Campeanu et al., 2009; 
Dobrei et al., 2009; Blidariu and Sala, 2012; 
Ikinci et al., 2014; Wang et al., 2015; Agnolet 
et al., 2017). 
The present study evaluated the variation of 
some biometric parameters of apple fruits in 
relation to physiological indices and evaluated 
the safety degree of some mathematical models 
to describe this variation. 
 
MATERIALS AND METHODS 
 
The aim of the study was to evaluate the 
variation of some biometric parameters of fruits 
in relation to apple physiological indices, under 
the influence of foliar fertilization and to found 
mathematical models to describe these 
relationships in statistical safety conditions. 
The study was conducted in Fruit-Vine 
Research Center, Didactic and Experimental 
Station, USAMVB Timisoara, 2011 and 2012 
period. The biological material was represented 
by the 'Generos' apple variety, cultivated in a 
semi-intensive system. 
Five foliar fertilizers were used, compared with 
a control variant (T1). From the foliar 
fertilizers combination resulted experimental 
variants: T2 (Foliarel + Uwafol), T3 (Foliarel + 
Uwafol + Ca), T4 (Foliarel + Waterfert), T5 
(Foliarel + Waterfert + Ca), T6 (Foliarel + 
Biocomplex), T7 (Foliarel + Biocomplex + 
Ca), T8 (Foliarel + Megafol), T9 (Foliarel + 
Megafol + Ca). Calcium was used as calcium 
chloride (CaCl2). Three foliar treatments were 
applied. 
Leaf area (LA) and chlorophyll content (Chl) 
were evaluated. Leaf area was determined by 
non-destructive method, based on the 
dimensional parameters of the leaves (length - 
L, and width - W) and a correction factor (CF), 
according to a general relationship of type as 
LA = L·W·CF. Chlorophyll content was 
determined with a portable chlorophyll meter 
(SPAD 502 Plus, Konica Minolta) with 
accuracy of ± 0.2 SPAD units.  
Fruit quality was evaluated based on biometric 
parameters, FD - fruit diameter, and FW - fruit 
weight. 
Fruits diameter was determined by 
measurement with an electronic calliper, with 
accuracy of ± 0.001 mm, and fruit weight was 
measured with a laboratory balance, with 

accuracy of ± 0.005 g. 
Experimental data were analyzed to evidence 
the presence of variance and overall statistical 
safety (ANOVA test). The level of correlation 
between physiological indices and quality 
parameters was evaluated. LA and Chl 
contribution to FD and FW variation was 
analyzed, and the optimal level of LA and Chl 
was determined to ensure FD and FW in the 
experimental conditions. Correlation and 
regression coefficients (r, R2), cophenetic 
coefficient, p parameter and F-test were used to 
evaluate the safety of the results. 
 
RESULTS AND DISCUSSIONS 
 
Foliar fertilization applied to apple, the 
'Generos' variety, influenced the values of 
physiological indices and photosynthetic 
processes, a fact highlighted at the level of leaf 
area (LA), chlorophyll content (Chl) and fruit 
size (FD - fruit diameter, FW - weight fruit). 
The values recorded for the physiological 
indices and for the fruits biometric parameters 
are presented in Table 1. 
 
Table 1. Physiological indices and biometric parameters 

values of apple fruits, 'Generos' variety  
(average values 2011-2012) 

Trial 
LA Chl FD FW 

(cm2) SPAD 
units (mm) (g) 

T1 30.26 43.27 60.88 92.225 
T2 32.52 46.86 62.72 112.008 
T3 33.84 48.77 64.54 118.428 
T4 40.70 54.61 63.98 118.630 
T5 44.50 56.78 64.48 119.018 
T6 35.28 50.06 65.17 120.960 
T7 39.94 54.26 66.42 123.435 
T8 37.13 52.36 63.19 117.450 
T9 38.67 54.71 64.24 118.468 
SE ±1.48 ±1.46 ±0.52 ±3.09 

 
Physiological index LA recorded values 
between 30.26 ± 1.48 cm2 in the control variant 
(T1), and 44.50 ± 1.48 cm2 in the T5 variant. A 
specific variation, in relation to the 
experimental variants, recorded the chlorophyll 
content (Chl), with the value 43.27 ± 1.46 
SPAD units at T1 variant, and 56.78 ± 1.46 
SPAD units at T5 variant. The parameter FD 

 

(fruit diameter) recorded values between 60.88 
± 0.52 mm for the control variant (T1) and 
66.42 ± 0.52 mm for the T7 variant. The fruit 
weight (FW) parameter recorded values 
between 92.225 ± 2.09 g for the control variant 
(T1), and 120.960 ± 3.09 g for the T6 variant. 
The statistical safety and the presence of 
variance in the data set (average values 2011-
2012) was confirmed by the ANOVA test, 
according to the values of the parameters p and 
F-test, for Alpha = 0.001 (p<<0.001; F>> 
Fcrit). The correlation analysis on the 
experimental data set revealed the existence of 
a very strong positive correlation between LA 
and Chl (r = 0.967), strong positive correlations 
between FD and FW (r = 0.899), and moderate 
and weak correlations between FW and LA (r = 
0.664), FW and Chl (r = 0.776), FD and LA (r 
= 0.604), and between FD and Chl, respectively 
(r = 0.680). 
The interdependence relationship identified 
between LA and Chl under the influence of 
foliar fertilization, was described by equation 
(1), under conditions of R2 = 0.989, p<<0.001, 
F = 292.08. 
 

93.54818.405194.0LA 2 −+−= ChlChl   (1) 
 
Dependency relationships were found between 
the fruits biometric parameters (FD and FW) 
and the physiological indices, LA and Chl.  
The variation of the FD parameter depending of 
LA was described by equation (2), but under 
low statistical safety conditions (R2 = 0.592,      
p = 0.0678, F = 4.354).  
The variation of FD in relation to Chl was 
described by equation (3) under conditions of 
moderate statistical safety (R2 = 0.639,              
p = 0.0471, F = 5.3066). 
 

217.4LA036.3LA03792.0FD 2 ++−=   (2) 
 

05.45Chl122.4Chl03867.0FD 2 −+−=   (3) 
 
Fruit weight (FW) registered a much closer 
variation in relation to the values of the two 
physiological indices, LA and Chl. Thus, the 
regression analysis led to equation (4) which 
described the variation of FW values in relation 
to LA under high statistical safety conditions 
(R2 = 0.802, p = 0.0077, F = 12.153). Also, the 
regression analysis resulted in equation (5) 

which described the variation of FW in relation 
to Chl, in very high statistical safety conditions 
(R2 = 0.934, p = 0.00029, F = 42.201). 
Graphical distribution is presented in Figure 1. 
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Figure 1. Graphical distribution of the FW parameter 
variation according to Chl in apple, 'Generos' variety 

 
The interdependence relationship between 
fruits biometric parameters (FD and FW) was 
described by equation (6) under very high 
statistical safety conditions (R2 = 0.967, 
p<<0.001, F = 87.832). 
 

5045FD157FD193.1FW 2 −+−=   (6) 
 
Principal Component Analysis led to the 
diagram in Figure 2, which includes the 
distribution of variants (T1-T9) in relation to 
the indices and parameters studied (LA, Chl, 
FD and FW, as biplots). PC1 explained 
87.947% of variance, and PC2 explained 
11.39% of variance. 
Cluster analysis led to the grouping of affinity-
based variants in relation to fruit biometric 
parameters (FD and FW), in statistical safety 
conditions (Coph.corr = 0.981). The separate 
positioning of the control variant T1 (Ct) was 
found, with the lowest values for parameters 
FD and FW (cluster C1). T2-T9 variants were 
grouped based on affinity in a cluster (C2) with 
several sub-clusters. Variant T2 occupied a 
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distinct position (sub-cluster C2-1), and the 
other variants were associated within two 
groups: sub-cluster C2-2a [(((T3, T9), T4), T5); 
T8], and a second sub-cluster C2-2b with 
variants (T6, T7), respectively, Figure 3. 
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Figure 2. PCA diagram with the variants distribution, 

'Generos' apple variety 
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Figure 3. Dendrogram of the variants grouping based on 
Euclidean distances in relation to FD and FW, 'Generos' 

apple variety 
 
By the analysis of SDI values (similarity and 
distance indices) found the highest affinity for 
T3 and T9 (SDI = 0.3027), followed by T9 and 
T4 (SDI = 0.3063), T3 and T4 (SDI = 0.5953), 
T3 and T5 (SDI = 0.5930), T9 and T5 
respectively (SDI = 0.6001).  

The complete set of values expressing the 
degree of similarity of the experimental 
variants in relation to FD and FW is presented 
in Table 2. 
Based on the correlations recorded, on the 
relationships identified between fruit biometric 
parameters and physiological indices, as well as 
on SDI index values, multiple regression 
analysis was used to find how the FD and FW 
fruit quality parameters were influenced by the 
two physiological indices (LA and Chl), as 
their simultaneously action. 
Equation (7) was obtained for the variation of 
FD in relation to LA and Chl, in general 
conditions of moderate statistical safety         
(R2 = 0.674). Starting from the general equation 
(6) the optimal values for x (LA) and y (Chl) 
were determined in relation to FD and resulted 
xopt = 40.64 cm2, yopt = 54.53 SPAD units. The 
graphic distribution in 3D form is presented in 
Figure 4, and the graphic distribution in the 
form of isoquants is presented in Figure 5. 
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Figure 5. Graphical distribution as isoquants of FD 
values according to LA (x-axis) and Chl (y-axis), 

'Generos' apple variety 
 
In the case of the FW parameter the multiple 
regression analysis led to equation (8), which 
described the variation of FW in relation to LA 
and Chl, as simultaneous action, in conditions 
of very high statistical safety (R2 = 0.963,  
p = 0.0233, F = 15.60669). 
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Starting from the general equation (8) the 
optimal values for x (LA) and y (Chl) were 
determined in relation to FW, and resulted      

xopt = 43.95 cm2, yopt = 57.44 SPAD units. The 
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distinct position (sub-cluster C2-1), and the 
other variants were associated within two 
groups: sub-cluster C2-2a [(((T3, T9), T4), T5); 
T8], and a second sub-cluster C2-2b with 
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In the case of the FW parameter the multiple 
regression analysis led to equation (8), which 
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and Chl, as simultaneous action, in conditions 
of very high statistical safety (R2 = 0.963,  
p = 0.0233, F = 15.60669). 
 

fexydycxbyaxFW 22 +++++=      (8) 
 

where:  x - LA - leaf area (cm2); 
y - Chl - Chlorophyll content (SPAD units); 
a, b, c, d, e, f - coefficients of the equation (8); 
a = -1.04855116323077; 
b = -1.8234743024433; 
c = -65.8996248409577; 
d = 88.5299133910003; 
e= 2.75191899805017; 
f = -973.360137346891. 

 

Starting from the general equation (8) the 
optimal values for x (LA) and y (Chl) were 
determined in relation to FW, and resulted      

xopt = 43.95 cm2, yopt = 57.44 SPAD units. The 
graphic distribution in the form of 3D is 
presented in Figure 6, and the graphic 
distribution in the form of isoquants is 
presented in Figure 7. 
 

 
Figure 6. 3D graphical distribution of FW values 

according to LA (x-axis) and Chl (y-axis), 'Generos' 
apple variety 

 

 
Figure 7. Graphical distribution as isoquants of FW 
values according to LA (x-axis) and Chl (y-axis), 

'Generos' apple variety 
 
Modeling and imaging analysis have long been 
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evaluation in large-scale of agro-forestry and 
horticultural ecosystems (Herbei and Sala, 
2014; Herbei et al., 2015a;2015b), for analysis 
at horticultural farm level, plots, plants, 
vegetative organs, production and fruits quality 
elements (Govedarica et al., 2015; Barikloo and 
Ahmadi, 2013; Cheng et al., 2017). 
For the leaf area (LA) study, the non-
destructive methods are of high interest 
especially due to the fact that it is not necessary 
to detach the leaf samples for the test, and this 
methods are fast and sufficiently accurate. 
Various models and software applications have 
been developed for the rapid and accurate 
assessment of LA (Khan et al., 2016; 
Drienovsky et al., 2017a; Kumar et al., 2017; 
Cândea-Crăciun et al., 2018), as well as 
software applications for assessment of the 
degree of  pathogens attack (Drienovsky et al., 
2017b, Drienovsky and Sala, 2019). 
Fruit size and size index have been studied and 
are important in the general definition of fruit 
quality, as well as in relation to the fruits 
storage, marketing and industrialization 
(Salvador et al., 2006; Gonçalves et al., 2017). 
The usefulness and importance of the models 
resulted from other studies, in which they were 
used to evaluate the dynamics of fruit 
formation, quality, harvest time etc., useful 
elements in plantation management (Li et al., 
2015; Marini et al., 2019). 
In the context of interest in the quality of apple 
production, models and methods for estimating 
the quality of fruit production, confirmed by 
the literature, this study proposed models for 
evaluating the dimensional parameters of 
apples based on physiological indices, in 
statistical safety conditions. 
 
CONCLUSIONS 
 
The regression analysis facilitated the obtaining 
of models that has described the variation of 
FD and FW according to LA and Chl, in 
statistical safety conditions. From the mathe-
matical equations were found the optimal 
values for LA and Chl in relation to fruits 
parameters studied, FD and FW. 
PCA generated the variants distribution 
diagram, in which PC1 explained 87.947% of 
variance and PC2 explained 11.39% of 
variance. 

The clusters analysis led to the grouping of 
variants in clusters based on affinity, in 
conditions of high statistical safety, Coph.corr 
= 0.981. According to similarity and distance 
indices (SDI), the highest affinity was recorded 
for T3 and T9 variants (SDI = 0.3027). 
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horticultural ecosystems (Herbei and Sala, 
2014; Herbei et al., 2015a;2015b), for analysis 
at horticultural farm level, plots, plants, 
vegetative organs, production and fruits quality 
elements (Govedarica et al., 2015; Barikloo and 
Ahmadi, 2013; Cheng et al., 2017). 
For the leaf area (LA) study, the non-
destructive methods are of high interest 
especially due to the fact that it is not necessary 
to detach the leaf samples for the test, and this 
methods are fast and sufficiently accurate. 
Various models and software applications have 
been developed for the rapid and accurate 
assessment of LA (Khan et al., 2016; 
Drienovsky et al., 2017a; Kumar et al., 2017; 
Cândea-Crăciun et al., 2018), as well as 
software applications for assessment of the 
degree of  pathogens attack (Drienovsky et al., 
2017b, Drienovsky and Sala, 2019). 
Fruit size and size index have been studied and 
are important in the general definition of fruit 
quality, as well as in relation to the fruits 
storage, marketing and industrialization 
(Salvador et al., 2006; Gonçalves et al., 2017). 
The usefulness and importance of the models 
resulted from other studies, in which they were 
used to evaluate the dynamics of fruit 
formation, quality, harvest time etc., useful 
elements in plantation management (Li et al., 
2015; Marini et al., 2019). 
In the context of interest in the quality of apple 
production, models and methods for estimating 
the quality of fruit production, confirmed by 
the literature, this study proposed models for 
evaluating the dimensional parameters of 
apples based on physiological indices, in 
statistical safety conditions. 
 
CONCLUSIONS 
 
The regression analysis facilitated the obtaining 
of models that has described the variation of 
FD and FW according to LA and Chl, in 
statistical safety conditions. From the mathe-
matical equations were found the optimal 
values for LA and Chl in relation to fruits 
parameters studied, FD and FW. 
PCA generated the variants distribution 
diagram, in which PC1 explained 87.947% of 
variance and PC2 explained 11.39% of 
variance. 

The clusters analysis led to the grouping of 
variants in clusters based on affinity, in 
conditions of high statistical safety, Coph.corr 
= 0.981. According to similarity and distance 
indices (SDI), the highest affinity was recorded 
for T3 and T9 variants (SDI = 0.3027). 
 
ACKNOWLEDGEMENTS 
 
The author express thanks to the leaders and 
staff of the Didactic and Experimental Station 
of the Banat University of Agricultural 
Sciences and Veterinary Medicine "King 
Michael I of Romania" from Timișoara, 
Romania, Fruit-Vine Research Center, for 
facilitating the setup of the experimental field 
for this research. 
  
REFERENCES 
 
Agnolet, S., Ciesa, F., Soini, E., Cassar, A., Matteazzi, 

A., Guerra, W., Robatscher, P., Storti, A., Baric, S., 
Via, J.D., Oberhuber, M. (2017). Dietary elements 
and quality parameters of 34 old and eight 
commercial apple cultivars grown at the same site in 
South Tyrol, Italy. Erwerbs-Obstbau, 59, 171-183. 

Amiri, M.E., Fallahi, E., Golchin, A. (2008). Influence of 
foliar and ground fertilization on yield, fruit quality, 
and soil, leaf, and fruit mineral nutrients in apple. 
Journal of Plant Nutrition, 31(3), 515-525. 

Barikloo, H., Ahmadi, E. (2013). Evaluation of impact 
effect and fruit properties on apple dynamic behavior. 
Australian Journal of Crop Science, 7(11), 1661-
1669. 

Becklin, K.M., Anderson, J.T., Gerhart, L. M., 
Wadgymar, S.M., Wessinger, C.A., Ward, J.K. 
(2016). Examining plant physiological responses to 
climate change through an evolutionary lens. Plant 
Physiology, 172(2), 635-649. 

Belhassine, F., Martinez, S., Bluy, S., Fumey, D., Kelner, 
J.-J., Costes, E., Pallas, B. (2019). Impact of within-
tree organ distances on floral induction and fruit 
growth in apple tree: Implication of carbohydrate and 
gibberellin organ contents. Frontiers in Plant 
Science, 10, 1233. 

Blidariu, C., Sala, F. (2012). Influence of organic and 
mineral fertilization on sugar content in Italian 
Riesling grape variety. Journal of Horticulture, 
Forestry and Biotechnology, 16(1), 251-254. 

Campeanu, G., Neata, G., Darjanschi, G. (2009). 
Chemical composition of the fruits of several apple 
cultivars growth as biological crop. Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 37(2), 
161-164. 

Carranca, C., Brunetto, G., Tagliavini, M. (2018). 
Nitrogen nutrition of fruit trees to reconcile 
productivity and environmental concerns. Plants 
(Basel), 7(1), 4. 

Căbăroiu, G., Rujescu, C., Sala, F. (2019). Interactive 

 

effects of nitrogen and silicon in maize quality 
indices. AgroLife Scientific Journal, 8(2), 16-23. 

Cândea-Crăciun, V.-C., Rujescu, C., Camen, D., Manea, 
D., Nicolin, L.A., Sala, F. (2018). Non-destructive 
method for determining the leaf area of the energetic 
poplar. AgroLife Scientific Journal, 7(2), 22-30. 

Cheng, H., Damerow, L., Sun, Y., Blanke, M. (2017). 
Early yield prediction using image analysis of apple 
fruit and tree canopy features with neural networks. 
Journal of Imaging, 3(1), 6. 

Crus, A.F., Almeida, G.M., Wadt, P.G.S., Pires, M.C., 
Ramos, M.L.G. (2019). Seasonal variation of plant 
mineral nutrition in fruit trees. Brazilian Archives of 
Biology and Technology, 62, e19180340. 

Datcu, A.-D., Ianovici, N., Alexa, E., Sala, F. (2018). 
Nitrogen fertilization effects on some gravimetric 
parameters for wheat. AgroLife Scientific Journal, 
8(1), 87-92. 

Ding, N., Chen, Q., Zhu, Z., Peng, L., Ge, S., Jiang, Y. 
(2017). Effects of crop load on distribution and 
utilization of 13C and 15N and fruit quality for dwarf 
apple trees. Scientific Reports, 7, 14172. 

Dobrei, A., Sala, F., Mălăescu, M., Ghiță, A. (2009). 
Researches concerning the influence of different 
fertilization systems on the quantity and quality of the 
production at some table grapes cultivars. Journal of 
Horticulture, Forestry and Biotechnology, 13, 454-
457. 

Drienovsky, R., Nicolin, A.L., Rujescu, C., Sala, F. 
(2017a). Scan LeafArea – A software application 
used in the determination of the foliar surface of 
plants. Research Journal of Agricultural Science, 
49(4), 215-224. 

Drienovsky, R., Nicolin, A.L., Rujescu, C., Sala, F. 
(2017b). Scan Sick & Healthy Leaf – A software 
application for the determination of the degree of the 
leaves attack. Research Journal of Agricultural 
Science, 49(4), 225-233. 

Drianovsky, R., Sala, F. (2019). Imagistic analysis for 
estimating the degree of bacteriosis attack 
(Xanthomonas juglandis) in walnut. Research 
Journal of Agricultural Science, 51(4), 41-50. 

Füzy, A., Kovács, R., Cseresnyés, I., Parádi, I., Szili-
Kovács, B., Kelemen, B., Rajkai, K., Takács, T. 
(2019). Selection of plant physiological parameters to 
detect stress effects in pot experiments using 
principal component analysis. Acta Physiologiae 
Plantarum, 41, 56. 

Ghafir, S.A.M., Gadalla, S.O., Murajei, B.N., El-Nady, 
M.F. (2009). Physiological and anatomical 
comparison between four different apple cultivars 
under cold storage conditions. African Journal of 
Plant Science, 3, 133-138. 

Gonçalves, M.W., Argenta, L.C., Martin, M.S.De. 
(2017). Maturity and quality of apple fruit durinig the 
harvest period at apple industry. Revista Brasileira de 
Fruticultura, 39(5), e-825. 

Govedarica, M., Ristic, A., Herbei, M.V., Sala, F. 
(2015). Object oriented image analysis in remote 
sensing of forest and vineyard areas. Bulletin UASVM 
Horticulture, 72(2), 362-370. 

Gray, S.B., Brady, S.M. (2016). Plant developmental 
responses to climate change. Developmental Biology, 

419(1), 64-77. 
Hammer, Ø., Harper, D.A.T., Ryan, P.D. (2001). PAST: 

Paleontological statistics software package for 
education and data analysis. Palaeontologia 
Electronica, 4(1), 1-9. 

Herbei, M., Sala, F. (2014). Using GIS technology in 
processing and analyzing satellite images–case study 
Cheile Nerei Beusnița National Park, Romania. 
Journal of Horticulture, Forestry and Biotechnology, 
18(4), 113-119. 

Herbei, M., Sala, F., Boldea, M. (2015a). Using 
mathematical algorithms for classification of Landsat 
8 satellite images. AIP Conference Proceedings, 
1648, 670004-1 – 670004-4. 

Herbei, M., Sala, F., Boldea, M. (2015b). Relation of 
Normalized Difference Vegetation Index with some 
spectral bands of satellite images. AIP Conference 
Proceedings, 1648, 670003-1 – 670003-4. 

Ikinci, A., Bolat, I., Ercisli, S., Kodad, O. (2014). 
Influence of rootstocks on growth, yield, fruit quality 
and leaf mineral element contents of pear cv. 'Santa 
Maria' in semi-arid conditions. Biological Research, 
47, 71. 

Jing, P., Wang, D., Zhu, C., Chen, J. (2016). Plant 
physiological, morphological and yield-related 
responses to night temperature changes across 
different species and plant functional types. Frontiers 
in Plant Science, 7, 1774. 

Janusauskaite, D., Feiziene, D., Feiza, V. (2017). 
Relationship between spring triticale physiological 
traits and productivity changes as affected by 
different N rates. Acta Agriculturae Scandinavica, 
Section B – Soil & Plant Science, 67(6), 534-541. 

Jivan, C., Sala, F. (2012). The influence of mineral 
fertilization on apple quality. Bulletin UASVM 
Agriculture 69(1), 120-125. 

Jivan, C., Sala, F. (2014). Relationship between tree 
nutritional status and apple quality. Horticultural 
Science, 41(1), 1-9. 

Khan, F.A., Banday, F.A., Narayan, S., Khan, F.U., 
Bhat, S.A. (2016). Use of models as non-destructive 
method for leaf area estimation in horticultural crops. 
IRA-International Journal of Applied Sciences 
Dataverse, 4(1), 19p. 

Kumar, K., Kumar, S., Sankar, V., Sakthivel, T., 
Karunakaran, G., Tripathi, P.C. (2017). Non-
destructive estimation of leaf area of durian (Durio 
zibethinus)–An artificial neural network 
approach. Scientia Horticulturae, (219), 319-325. 

Lepaja, L., Kullaj, E., Lepaja, K., Avdiu, V. and Zajmi, 
A. (2019). Effect of water stress on some 
physiological indices in young pear trees. Acta 
Horticulturae, 1253, 71-76. 

Li, M., Chen, M., Zhang, Y., Fu, C., Xing, B., Li, W., 
Qian, J., Li, S., Wang, H., Fan, X., Yan, Y., Wang, 
Y., Yang, X. (2015). Apple fruit diameter and length 
estimation by using the thermal and sunshine hours 
approach and its application to the digital orchard 
management information system. PLoS ONE, 10(4), 
e0120124. 

Marini, R.P., Schupp, J.R., Baugher, T.A., Crassweller, 
R. (2019). Sampling apple trees to accurately 
estimate mean fruit weight and fruit size distribution. 



284

 

HortScience, 54(6), 1017-1022. 
Martins, C.R., Hoffmann, A., Rombaldi, C.V., Farias, 

R.M., Teodoro, A.V. (2013). Apple biological and 
physiological disorders in the orchard and in 
postharvest according to production system. Revista 
Brasileira de Fruticultura, 35(1), 1-8 

Nemeskéri, E., Helyes, L. (2019). Physiological 
responses of selected vegetable crop species to water 
stress. Agronomy, 9, 447. 

Rawashdeh, H.M., Sala, F. (2015). Effect of some 
micronutrients on growth and yield of wheat and its 
leaves and grain content of iron and boron. Bulletin 
USAMV series Agriculture, 72(2), 503-508. 

Rawashdeh, H.M., Sala, F. (2016). Effect of iron and 
boron foliar fertilization on yield and yield 
components of wheat. Romanian Agricultural 
Research, 33, 241-249. 

Raza, A., Razzaq, A., Mehmood, S.S., Zou, X., Zhang, 
X., Lv, Y., Xu, J. (2019). Impact of climate change 
on crops adaptation and strategies to tackle its 
outcome: A review. Plants, 8, 34. 

Salvador, F.R.De., Fisichella, M., Fontanari, M. (2006). 
Correlations between fruit size and fruit quality in 
apple trees with high and standard crop load levels. 
Journal of Fruit and Ornamental Plant Research, 
14(2), 113-122. 

Sorrenti, G., Quartieri, M., Salvi, S., Tiselli, M. (2017). 
Nutrient removal by apple, pear and cherry nursery 
trees. Italian Journal of Agronomy, 12, 805. 

Valverdi, N.A., Cheng, L., Kalcsits, L. (2019). Apple 
scion and rootstock contribute to nutrient uptake and 
partitioning under different belowground 
environments. Agronomy, 9(8), 415. 

Wang, G.-y., Zhang, X.-z., Wang, Y., Xu, X.-f., Han, Z.-
h. (2015). Key minerals influencing apple quality in 

Chinese orchard identified by nutritional diagnosis of 
leaf and soil analysis. Journal of Integrative 
Agriculture, 14(5), 864-874. 

Wang, Y.-x., Hu, Y., Chen, B.-h., Zhu, Y.-f., 
Mohammed, M.D., Sofkova, S. (2018). Physiological 
mechanisms of resistance to cold stress associated 
with 10 elite apple rootstocks. Journal of Integrative 
Agriculture, 17(4), 857-866. 

Wang, X., Zenda, T., Liu, S., Liu, G., Jin, H., Dai, L., 
Dong, A., Yang, Y., Duan, H. (2019). Comparative 
proteomics and physiological analyses reveal 
important maize filling-kernel drought-responsive 
genes and metabolic pathways. International Journal 
of Molecular Sciences, 20(15), 3743. 

Wünsche, J.N., Lakso, A.N. (2000). Apple tree 
physiology - implications for orchard and tree 
management. Compact Fruit Tree, 33(3), 82-88. 

Zargar, M., Tumanyan, A., Ivanenko, E., Dronik, A., 
Tyutyuma, N., Pakina, E. (2019). Impact of foliar 
fertilization on apple and pear trees in reconciling 
productivity and alleviation of environmental 
concerns under arid conditions. Communicative & 
Integrative Biology, 12(1), 1-9. 

Zhao, D., Yuan, J., Xu, K., Cheng, C., Li, H. (2015). 
Selection of morphological, physiological and 
biochemical indices: evaluating dwarfing apple 
interstocks in cold climate zones. New Zeeland 
Journal of Crop and Horticultural Science, 44(4), 
291-311. 

Zhou, S., Zhang, Y., Ciais, P., Xiao, X., Luo, Y., Caylor, 
K.K., Huang, Y., Wang, G. (2017). Dominant role of 
plant physiology in trend and variability of gross 
primary productivity in North America. Scientific 
Reports, 7, 41366. 

 

 

 
MYCOTOXINS IN FEED: AN OVERVIEW ON BIOLOGICAL EFFECTS 

AND DECONTAMINATION METHODS 
 

Vanessa-Izabela SÎRBU, Aglaia POPA (BURLACU), Florentina ISRAEL-ROMING 

 
University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd,  

District 1, Bucharest, Romania  
 

Corresponding author email: vanessa.sirbu94@gmail.com  
 
Abstract  
 
Mycotoxins, secondary metabolites, produced by toxigenic fungi genera such as Penicillium, Aspergillus and Fusarium 
are widely known as one of the main causes for foodborne diseases. Not surprisingly, mycotoxins prevalence is higher 
with conditions such as climatic changes, lack of control systems and plentiful of suitable substrates, thus causing 
serious risks for both human and animal health. Since chemical and physical decontamination are not sufficiently 
effective, biological transformation is considered to be the most promising approach to reduce mycotoxin 
concentration. To detoxify mycotoxin-contaminated feed, the most frequent method for industrial purposes is the 
inclusion of sorbent materials that will remove toxins through selective adsorption, during passage through 
gastrointestinal tract. Another reliable approach is the addition of enzymes or microorganisms capable of detoxifying 
some mycotoxins. Although the process of identification and characterization of degrading enzymes is time consuming, 
it is necessary in order to understand the mechanism of degradation. The use of enzymes has some benefits in 
comparison with the use of microorganisms such as: reproducible performances, no risk of contamination and no safety 
concerns. 
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INTRODUCTION 
 
Mycotoxins, secondary metabolites with low 
molecular weight are produced mainly by 
toxigenic fungi such as Penicillium, Aspergillus 
and Fusarium (Denli et al., 2015). 
The term mycotoxin was used for the first time 
in history in 1962 after an unusually veterinary 
crisis near London during which nearly 
100,000 turkey poults died. Turkey X disease 
was linked to a groundnut meal contaminated 
with secondary metabolites of Aspergillus 
flavus and that sensitized scientists to the 
possibility that other unknown mold 
metabolites might be deadly (Zain, 2011). 
Not surprisingly, mycotoxins prevalence 
becomes higher with the available supporting 
conditions such as proper climate changes and 
lack of controls.  
It is a well-known fact that the earth is warming 
at an unprecedented rate and therefore it is 
believed that the geographic distribution, as 
well as the phyllosphere microflora of crops are 
expected to be extremely affected by climate 
change. A good example in this case is the 
impact of climate change observed in Serbia, 

where no contamination with aflatoxins 
occurred prior, but extended hot and dry 
weather in 2012 followed in 69% of maize 
contaminated with aflatoxins (Liew & Mohd, 
2018). 
Human exposure can result from consumption 
of the plant-derived foods and animal products 
contaminated with toxins, or by exposure to 
contaminated air or dust, producing toxic 
effects referred to as mycotoxicosis (Bryden, 
2012). 
Currently, it is believed that a large number of 
mycotoxins exists, between 300 and 20,000 
even 300,000 mycotoxins. Despite the huge 
number of secondary metabolites, scientist’s 
attention is being drawn on those that have 
been proven to be of concern in public health 
(Lee & Ryu, 2017). 
The most important mycotoxins that pose great 
potential risk in food and feed contaminants 
are: aflatoxins (AF), trichothecenes (TCT), 
fumonisins (F), zearalenone (ZEA) and 
ochratoxin A (OTA). Reports indicate that 
these toxins account for one billion dollars due 
to decrease of productivity and over 500 
million dollars to reduce the damage produced 


