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Abstract

The present study evaluated the variation of some physiological indices and biometric parameters of the fruits under
the influence of foliar fertilization in apple. The plantation was of semi-intensive type, in non-irrigated conditions;
the 'Florina’ apple cultivar was studied. The products Biocomplex 900, Foliarel, Megafol, Uvafol, Waterfert and
calcium chloride were used. The combination of fertilizer resources resulted in 8 experimental variants (V2 - V9),
tested compared to a control variant (V1). Physiological indices (leaf area - LA, chlorophyll - Chl) and biometric
parameters (fruit diameter - FD, fruit weight - FW) were evaluated. LA values ranged from 28.24 cm? (V1) to 34.37
cm? (V5). Chlorophyll content varied between 28.24 SPAD units (V1) and 49.99 SPAD units (V9). Fruits diameter
(FD) varied between 52.48 mm (V1) and 64.15 mm (V9). Fruit weight (FW) recorded values between 96.10 g (V1)
and 117.32 g (V9). The regression analysis led to equations that described the variation of FD and FW in relation to
LA and Chl, in statistical safety conditions (p <0.001). 3D and isoquant graphs models described the distribution of
FD and FW values in relation to LA and Chl. Within PCA, PC1 explained 93.304% of variance, and PC2 explained
5.6066% of variance. The cluster analysis led to the dendrogram, in statistical safety conditions, Coph.corr = 0.788.
The highest level of similarity was recorded between variants V5 and V8 (SDI = 0.7787), followed by variants V7
and V8 (SDI = 1.6693), respectively by V7 and V9 (SDI = 1.8845).
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INTRODUCTION

The apple (Malus domestica L.) is one of the
main fruit species, cultivated in various areas
worldwide, by the large number of genotypes,
and the high interest of apples [39].

From single trees, cultivated in gardens as a
hobby, or for decorative purposes, to super-
intensive plantations, in areas dedicated to
apple cultivation, with computer technologies
and artificial intelligence (Al) for the
management of horticultural farms, apple is of
great importance.

Apples are an important product in human
nutrition and on the fruit market [42]. Food
plays an important role in the quality of life,
and apples have an important contribution in
this regard [5].

Apples have a high content of minerals,
vitamins, amino acids, bioactive substances,
polyphenols, etc. [21]. Apples are important
as fresh fruits, fresh juices [4], [20], for
industrialization [6], cosmetics [44], [31],

[34], pharmaceutical industry [4], [33], [20].
In relation to the destination of apple
production, plantation management has an
important role [16], [32], [18].

Apple quality management has been studied
and evaluated in relation to different
cultivated genotypes [3], [1], [8], soil type and
climatic conditions [26], [7], [19], irrigation
systems [13], [12], [22], fertilizers and soil or
foliar fertilization [29], [43], [24], [11], [36].
Apple production has been studied in relation
to various ecological, economic and social
factors in order to optimize plantation
management, fruit quality and fruit market
[37], [30], [35], [23], [28], [45].

The study and analysis of horticultural areas,
such as plantations, need to be done both on a
small scale, plant organs or individual plants
[38], [10], [2], [25], [14], as well as on a large
scale, plots, farms, areas, etc. [15], [47], [46]
in order to choose the appropriate germplasm
[9], [27], [40], and the formulation of optimal
farm management solutions for quality
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production.

The present study evaluated the influence of
foliar fertilizer resources on physiological
indices and biometric parameters in apple,
'Florina’ cultivar.

MATERIALS AND METHODS

The study evaluated the variation of some
physiological  indices and  biometric
parameters of apple fruit quality, in relation to
foliar fertilization.

The experiment was organized within the
Horticultural Center of BUASVM Timisoara,
during 2012-2014. The 'Florina' apple cultivar
was studied.
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The plantation was organized in a semi-
intensive, non-irrigated system. Soil was
covered with vegetal carpet between rows
with repeated mowing and maintained by
herbicide on the tree rows, figure 1. Six
different foliar fertilizer resources were used.
Foliarel fertilizer was applied evenly on all
variants. On the common Foliarel level, were
applied: Biocomplex 900, Megafol, Uvafol
and Waterfert. Additionally, calcium was
applied in the form of calcium chloride
(CaCly) and 8 fertilized variants (V2-V9)
resulted, figure 1. For the comparison, a
control variant was used, without fertilization
(V1).
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Fig. 1. Aspect from the experimental field, 'Florina’ apple cultivar, and experiméntal variants

Source: author's image (Original).

The treatments were applied with an atomizer
for the uniform distribution of the solutions.
Foliar fertilizers were applied in two
treatments, at the beginning of fruit formation
(treatment 1) and at an interval of 15 days
(treatment 11).

Trees vegetation condition and fruit quality
parameters were evaluated, under the
influence of the applied fertilization. As
physiological indices leaf area - LA, and
chlorophyll content — Chl were studied. The
fruits were evaluated based on biometric
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parameters (fruit diameter - FD, fruit weight -
FW).

Leaf area (LA) was determined based on leaf
size (length, width), and correction coefficient
(KAF), relation (1).

LA = Lxwx KA, 1)

where:

LA — leaf area (cm?);
L — leaf length (cm);
W — leaf width (cm);
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KAF — correction coefficient for 'Florina'.

The chlorophyll content (Chl) was determined
by the non-destructive method with a portable
chlorophyll meter (Spad 502 Plus). The
diameter of the fruit (FD) was measured with
an electronic calliper, with an accuracy of +
0.001 mm. The weight of the fruit (FW) was
determined by weighing with a laboratory
balance, accuracy + 0.005 g.

The increase in fruit quality was analyzed as
an effect of foliar fertilizer-generated increase
(FF-GI) and in relation to calcium
supplementation (calcium-generated increase,
Ca-Gl).

The quality increase on each parameter
studied (FD and FW) was reported compared
to the control variant (V1), and on pairs of
variants in relation to the application or not of
calcium (V2/V3; V4/V5; V6/NT; V8IV9).
Appropriate mathematical and statistical tools
were used to find models to describe the
variation of quality parameters in relation to
physiological indices (regression analysis), as
well as to evaluate multiple solutions for
similar results (PCA and cluster analysis).
Correlation analysis and ANOVA test were
also used. To assess the safety of the data and
the results obtained, the parameter p, the
standard error (SE), and the coefficients r, R?,
Coph.corr., were used.

The RMSEP parameter, relation (2), was also
used to assess the level of safety in predicting
the values of biometric parameters based on
the values of physiological indices.

1 Y
RMSEP =301, -7)) @

PAST software [17], Wolfram Alpha software
(2020) [41], and specific mathematical
modules in EXCEL were used for data
analysis and graph generation.

RESULTS AND DISCUSSIONS

The foliar fertilizer resources applied, within
the 8 fertilized variants, generated a specific
variation of the studied physiological indices,
leaf area (LA), and chlorophyll (Chl). The LA
values varied between 28.24 cm? for the
control variant (V1) and 34.37 cm? for the V5

variant. The chlorophyll content varied
between 28.24 SPAD units in the control
variant and 49.99 SPAD units in the V9
variant (Table 1).

Fruits biometric parameters, fruit diameter
(FD) and fruit weight (FW) registered a
certain  variation, associated with the
vegetative status of the trees on the
experimental variants. Fruit diameter (FD)
recorded values between 52.48 mm for the
control variant (V1) and 64.15 mm for the V9
variant. Fruit weight (FW) recorded values
between 96.10 g for control variant (V1) and
117.32 g for variant V9 (Table 1).

Table 1. Values of physiological indices and biometric
parameters in apple, 'Florina' cultivar, in relation to
foliar fertilizers

Experimental variants A cn ® o

(cm?  |(SPAD units)| (mm) (9)
V1 28.24 44.67 52.48 96.10
V2 31.04 47.14 58.09 98.45
V3 33.23 48.73 59.09 103.63
V4 30.65 46.25 60.63 104.38
V5 34.37 48.40 62.60 113.19
V6 29.05 46.74 61.15 111.33
V7 34.34 49.23 63.85 115.48
V8 31.84 47.03 62.46 113.32
V9 33.63 49.99 64.15 117.32
SE +0.75 +0.55 +1.20 +2.56

Source: Original data from experimental variants.

The applied foliar fertilization generated
increases of fruit quality, in terms of diameter
and weight, the values of the recorded
increase (As) on each variant and index/
parameter studied, being shown in Figure 2.
Different levels of correlation were found
between the physiological indices and
biometric parameters studied. Very strong
correlations were recorded between LA and
Chl (r = 0.900) and between FD and FW (r =
0.925). Moderate correlations were recorded
between FW and Chl (r = 0.705), between FD
and LA (r = 0.720), and between FD and Chl
(r = 0.769). A weak correlation was recorded
between FW and LA (r = 0.634).

Based on the regression analysis, equations
were obtained that described the variation of
the biometric parameters of fruit quality in
relation to the studied physiological indices.
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Fig. 2. The increase registered in relation to the foliar fertilization of the apple, 'Florina' apple cultivar
Source: original graph, generated based on the calculated experimental values.

The variation of the fruit diameter (FD)
according to LA and Chl was described by
equation (3), in conditions of statistical safety
(R?=0.0.999, p <0.001).

The ANOVA test confirmed the statistical
safety of the values of the equation (3)
parameters, as follows, p = 0.03365 for a; p =
0.0069 for b; p = 0.0077 for c; p = 0.0089 for
d; p = 0.0085 for e. The graphical distribution
of FD according to LA and Chl is presented in
Figure 3 as a 3D model, and in Figure 4 as
isoquants form.

FD =ax® + by® + cx + dy + exy + f ?3)

where:

FD - fruits diameter;

X — LA — leaf area;

y — Chl — chlorophyll content;
a, b, ¢, d, e, f — coefficients of the equation
@)

a=0.765196005349097;
b=1.22091847116479;
c=63.0043218922929;
d=-40.7376835167938;
e=-2.34095352623526;

f=0
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Fig. 3. 3D model of FD variation in relation to LA (x-
axis) and Chl (y-axis), 'Florina' apple cultivar

Source: original graph generated based on experimental
data.
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Fig. 4. Model in the form of isoquants for the
distribution of FD in relation to LA (x-axix) and Chl
(y-axix) in apple, 'Florina' cultivar
Source: original graph generated based on experimental
data.
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The variation of fruit weight (FW) according
to LA and Chl was described by equation (4),
in statistical safety conditions (R? = 0.0.998, p
<0.001). The ANOVA test partially confirmed
the statistical certainty of the values of the
parameters of equation (4). The graphical
distribution of FW in relation to LA and Chl
is presented in the form of a 3D model in Fig.
5 and in the form of isoquants in Fig. 6.

FW =ax® +by? + cx +dy +exy + f (4)

where:

FW - fruits weight;

X — LA — leaf area;

y — Chl — chlorophyll content;
a, b, c, d, e, f — coefficients of the equation
(4);

a=1.8423127376365;
b=1.84122208234375;
c=71.5311783170931;
d=-46.3203844806745;
e=-3.96213398889279;

f=0
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Fig. 5. 3D model of FW variation in relation to LA (x-
axis) and Chl (y-axis), 'Florina' apple cultivar
Source: original graph generated based on experimental
data.
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Fig. 6. Model in the form of isoquants for the
distribution of FW in relation to LA (x-axix) and Chl
(y-axix) in apple, 'Florina' cultivar
Source: original graph generated based on experimental
data.

PCA led to the diagram in Figure 7, with
variants distribution according to the indices
and parameters studied. PC1 explained
93.304% of variance, and PC2 explained
5.6066% of variance.
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Fig. 7. PCA diagram of variant distribution in relation
to physiological indices and biometric parameters in
apple, 'Florina' cultivar, under the influence of foliar
fertilization

Source: original graph generated based on experimental
data.

The cluster analysis led to the dendrogram in
Figure 8, in statistical safety conditions,
Coph.corr =0.788.
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Fig. 8. Cluster diagram based on Euclidean distances,
generated in relation FW and FD, 'Florina' apple
cultivar

Source: original graph generated based on experimental
data.
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In relation to the fruits biometric parameters,
the variants were grouped in two distinct
clusters. A C1 cluster included variants V1 -
V4, between which a high degree of similarity
was found at V2 and V3 (SDI = 2.9177), and
V4 was associated with them, followed by
V1.

Cluster C2 included variants V5 - V9,
between which different levels of similarity
were registered. The highest level of
similarity was recorded between variants V5
and V8 (SDI = 0.7787), followed by variants
V7 and V8 (SDI = 1.6693), respectively by
V7 and V9 (SDI = 1.8845), Table 2

Table 2. SDI values for experimental variants, 'Florina’' apple cultivar

Vi V2 V3 V4 V5 V6 V7 V8 V9

Vi 6.4961 8.9585 12.58 19.713 17.099 21.906 20.279 23.598
V2 6.4961 29177 6.6011 13.862 11.491 16.056 14.511 17.853
V3 8.9585 29177 3.7168 10.978 8.5742 13.176 11.613 14.958
V4 12.58 6.6011 3.7168 7.264 4.9582 9.4611 7.9106 11.252
V5 19.713 13.862 10.978 7.264 2.7835 2.2003 0.77878 4.0068
V6 17.099 11.491 8.5742 4.9582 2.7835 4.8782 3.2144 6.5007
V7 21.906 16.056 13.176 9.4611 2.2003 4.8782 1.6693 1.8845
V8 20.279 14,511 11.613 7.9106 0.77878 3.2144 1.6693 3.3446
V9 23.598 17.853 14.958 11.252 4.0068 6.5007 1.8845 3.3446

Source: original data calculated based on experimental results.

The estimation of the fruit quality parameters
through equations (3) and (4) obtained from
the regression analysis, was appreciated based
on the RMSEP parameter; RMSEP = 1.63047
in the case of predicted FD, respectively
RMSEP = 4.4560 in the case of predicted FW.
Based on the values of equations (3) and (4),
the optimal values for x (LA) and y (Chl)
were calculated, in relation to the fruits
quality biometric parameters studied (FD and
FW). Thus, in the case of FD, the values Xopt =
33.55 cm? (LA), and yopt = 48.85 SPAD units
(Chl) were found. In the case of FW, the
values Xopt = 37.50 cm? (LA), and Yopt = 52.93
SPAD units (Chl) were found.

From the analysis of the values of equations
(3) and (4), as well as from the 3D graphical
distribution of the parameters FD and FW, it
was found that the foliar surface (LA) showed
a much wider variation, compared to Chl, in
relation to ensuring FD and FW values, under
the experimental conditions. This aspect
recommends attention to the maintenance
works of the trees in ensuring an optimal ratio
between vegetative growth and fruiting,
because the LA variation both by individual
values and in the whole tree structure,
contributes a lot to the variation of fruit
quality parameters; a significant part of the
water and nutrients being allocated to
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vegetative growth.

The association level of the variants in the
dendrogram (Figure 8), and the values of the
SDI indices (Table 2) provided information
about the treatments that led to similar results,
regarding the biometric parameters of fruit
quality. If we take into account the availability
of fertilizer products, or the costs of
treatments, the farmer can choose those

options that lead to similar results, in
accordance with the specifics of the
plantation, the destination of production

(consumption, industrialization etc.), and also
the market or profitability.

Such studies are important, because they offer
multiple solutions, from which those the best
options can be chosen, from a technical and
economic point of view.

CONCLUSIONS

The foliar fertilizer resources used determined
a specific variation of the physiological
indices (LS and Chl) and of the biometric
quality parameters (FD and FW) studied in
the 'Florina’ apple cultivar.

The regression analysis facilitated the
obtaining of some models of the quality
parameters (FD and FW) variation in relation
to the physiological indices (LA and Chl),
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under the influence of foliar fertilization. The
obtained models are in the forms of equations,
and 3D and isoquants graphic representation,
in statistical safety conditions.

Among the multiple solutions obtained by
foliar fertilization, the cluster analysis
facilitated the identification of variants that
generated similar results, with practical
importance for choosing the optimal solution
in relation to the fruits production system.
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