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Abstract       Foliar area is a feature of apples, which varies depending on 
nutrition and stress. We monitored the variation of foliar area in five varieties 
of apple (Generos, Florina, Delicios de Voineşti, Jonathan, and Pionier) in 
response to nutrition guidance through foliar fertilisation. The amplitude of 
variation of the indicator monitored is specific to each apple variety. The 
lowest variation was recorded in the Florina apple variety (26.92±3.02 – 
34.88±2.99 cm

2
) and the highest one was in the Generos (27.50±1.09 – 

44.47±1.02 cm
2
) and Jonathan (19.12±1.08 – 33.54±1.58 cm

2
) apple 

varieties. Multivariate data analysis shows that the biological material, i.e.  the 
apple varieties can be grouped, depending on the degree of similarity, into 
two groups with the cophenetic coefficient 0.864 pointing to high significance. 
The same method groups the fertilisation variants into two distinct groups of 
which one has three sub-groups, with a cophenetic coefficient 0.783.   

Key words 
 
apple, foliar fertilisation, 
mineral nutrition, foliar area, 
correlations 
 

 
In fruit tree culture, foliar fertilisation is a 

modern, effective procedure of guiding apple 

production quantitatively and qualitatively. Foliar 

fertilisers contain available, accessible forms of macro-

and microelements, organic substances (hormones, 

vitamins) that enhance photosynthesis in the plants (8). 

The leaf is the most important plant organ in 

the growth development, and fructification of apples 

since it is in the leaf that takes place essential 

biological and physiological processes (4; 5; 6; 7; 8). 

The amount, quality, and constancy of a yield 

depend on foliar area, on the high level of nutrients in 

the leaf, and on the rate at which they are converted 

into specific organic compounds (9; 10; 11). 

Terts (1979, in 5) points out the importance of 

leaves as active photosynthesis organs in the 

development of the yield, mentioning that for each 100 

kg of apples there are 14 kg of leaves that consume 

0.205 kg N, 0.059 kg P2O5, and 2.70 kg K2O. 

Successful fertilisation on apple plantations 

requires not only defining fertiliser rates, but also the 

proper use of the different types of fertilisers. The type 

of fertiliser used can considerably change the growth, 

development, and nutrient balance of the fruit trees, 

disturbing the processes when the fertilisers are not 

properly applied (12). 

Foliar fertilisation is one of the most effective 

methods of correcting the nutrition deficiencies of the 

fruit trees: it is also used as complex treatment. Foliar 

area is closely related to the growth and fructification 

of the apples, and differs from variety to variety (1; 2; 

3). 

Murtic et al. (2012), based on a vast review, 

consider that foliar fertilisation is important in apples; 

he claims it is also a general method of guiding 

nutrition that has been expanded to other species as 

well, because it contributes to the diminution of soil 

and water pollution in particular and of the 

environment in general by different unwanted 

substances. 

In the context of guiding nutrition (macro- and 

micro-nutrients) in apples, we tested the effect of 

different fertilisers applied on the foliar area. 

 

Material and Methods 

 
Research was conducted on the fruit tree and 

grapevine plantation of the Didactic Station of the 

Banat’s University of Agricultural Sciences and 

Veterinary Medicine of Timişoara; the trial was set in 

northern Timisoara, and was limited west by the 

national road DN 69 that links Timisoara to Arad, east 

by a new residential area, and north by agricultural 

lands. 

The trial was a stationary one, with parcels 

divided into three replicates set linearly; each 

fertilisation variant measured 72 m
2
. The fertilisation 

variants were as follows: V0 – control; V1 – 

Uwafol+Foliarel; V2 – Uwafol+Foliarel+Calcio Plus; 

V3 – Waterfert+Foliarel; V4 – 

Waterfert+Foliarel+Calcio Plus; V5 – 

Biocomplex900+Foliarel; V6 – 

Biocomplex900+Foliarel+Calcio Plus; V7 – 

Megafol+Foliarel; V8 – Megafol+Foliarel+Calcio Plus. 

Foliar fertilisers were applied in three rates 

with an atomiser pump to ensure evenness. 
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The biological material was represented by 

the apple varieties Generos, Florina, Delicios de 

Voineşti, Jonathan, and Pionier. 

The plantation is of the demi-intensive type: 

there are four m
2
 between the rows and two m

2 
between 

the apples. The maintenance system was working the 

land between the rows. 

To determine foliar area, we sampled in 

similar conditions in all the fertilisation variants. 

Processing trial results was done through 

roper statistics methods, correlations, regression, and 

multiparameter analysis. 

 

 

 

Results and Discussions  

 
Foliar area is a feature of each apple variety 

and it oscillated depending on vegetation factors, with 

the hydric and nutrition regimes playing crucial roles. 

The fertilisation variants completed the 

nutrition level of the plants aiming at correcting 

nutrition and guiding fruit quality. 

On the background of nutrition medium that is 

well supplied in nutrients but associated with a 

deficitary rainfall regime, with low air moisture and 

high evapo-transpiration, foliar fertilisers generated 

different responses in the different apple varieties 

studied (Table 1). 

Table 1 

Variation of the foliar area in apple under the effect of foliar fertilisation 

 V0 V1 V2 V3 V4 V5 V6 V7 V8 

G 36.572±1.71 29.915±2.05 27.508±1.09 40.716±1.36 44.476±1.02 42.571±1.21 30.02±1.26 35.441±0.99 36.125±1.39 

F 34.8832.99 30.362±3.05 29.241±1.87 34.702±2.11 31.388±2.07 26.92±3.02 35.151±1.63 31.539±1.92 32.53±1.84 

D 28.825±1.32 31.209±1.40 21.067±1.08 31.929±0.83 28.608±1.81 26.773±1.42 30.425±2.31 32.153±1.72 25.87±1.46 

J 20.607±1.38 25.798±0.98 23.707±1.24 29.413±1.20 22.692±1.71 19.125±1.08 22.096±1.19 26.026±0.94 33.544±1.58 

P 25.814±0.52 30.266±1.93 19.738±1.19 36.153±1.76 27.803±1.15 24.273±1.13 32.677±1.82 26.005±1.89 28.53±1.53 

 
Foliar area oscillated rather much within each 

apple variety depending on the fertilisation variant. 

The highest variation of the foliar area with 

foliar fertilisation was recorded in the apple varieties 

Generos (G) (27.50±1.09 – 44.47±1.02 cm
2
) and 

Jonathan (19.12±1.08 – 33.54±1.58 cm
2
), while the 

lowest was in the apple variety Florina (F)(26.92±3.02 

– 34.88±2.99 cm
2
). 

The apple variety Generos (G) has the largest 

foliar area of all apple varieties studied (36.572±1.71) 

(Fig. 1). With foliar fertilisation, the response to the 

treatments was a diminution of the foliar area in the 

fertilisation variants V1, V2 and V6 and an increase of 

the foliar area in the fertilisation variants V3, V4, V5, 

while the fertilisation variants V7 and V8 had values 

close to that of the control. The foliar area recorded 

values between 27.508±1.09 cm
2
 in the fertilisation 

variant V2 and 44.476±1.02 cm
2
 in the fertilisation 

variant V4. 

In the Florina (F) apple variety, mean foliar 

area in the control fertilisation variant was 34.883±2.99 

cm
2
. After treating with foliar fertilisers, foliar area 

diminished more in the fertilisation variants V1, V2, V4 

and V5 and less in the fertilisation variants V7 and V8. 

In all the cases, applying supplementary lime on the 

background of macro- and micro-nutrients accelerated 

the decrease of the foliar area. Foliar area varied 

between 26.92±3.02 cm
2
 in the fertilisation variant V5 

and 35.151±1.63 cm
2
 in the fertilisation variant V6. 

The apple variety Delicios de Voineşti 

(D)responded through a wider variation of the foliar 

area to foliar fertilisation. In the case of this apple 

variety, also applying supplementary lime resulted in a 

diminution of the foliar area on the background of the 

fluctuations generated by the macro- and micro-

nutrients. The foliar area varied between 21.067±1.08 

cm
2
 in the fertilisation variant V2 and 32.153±1.72 cm

2
 

in the fertilisation variant V7. 

The response of the Jonathan (J) apple variety 

to foliar fertilisers was extremely heterogeneous in 

relation to both varieties and fertilisation variants. 

Foliar area variation was rather ample, i.e. between 

19.125±1.08 cm
2
 in the fertilisation variant V5 and 

33.54±1.58 cm
2
 in the fertilisation variant V8. 

Compared to the control fertilisation variant V0, foliar 

area was larger in the fertilisation variants fertilised 

with foliar fertilisers, except for the fertilisation variant 

V5.
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. 
 

Fig.1. Mean foliar area specific to the apple varieties studied 

 
 

The Pionier (P) apple variety responded to 

fertilisation by diminishing its foliar area; applying 

lime accelerated the diminution of the foliar area on the 

background of macro-and micronutrients. Variation 

limits of the foliar area in the Pionier apple variety 

were between 19.738±1.19 cm
2
 in the fertilisation 

variant V2 and 36.153±1.76 cm
2
 in the fertilisation 

variant V3. 

Overall, the effect of the foliar fertilisation on 

the fertilisation variants V1 and V2 was a repressive 

one, i.e. it diminished foliar area, while in the 

fertilisation variants V3, V4 and V5, it increased foliar 

area. Foliar fertilisation had a lesser effect on the 

fertilisation variants V6, V7 and V8 with mean foliar 

areas lose to that of the control fertilisation variant V0. 

We analysed the amplitude of variation of the 

results obtained in foliar area depending on both 

biological material apple varieties) and fertilisation 

variants (Fig. 2, Fig. 3). 

As for the biological material, the greatest 

variation amplitude was recorded in the apple variety 

Generos (G), followed by the apple variety Jonathan 

(J). Mean amplitude was recorded in the apple varieties 

Delicios de Voineşti (D) and Pionier (P), while the 

lowest one was in the Florina (F) apple variety. 

Depending on the fertilisation variants, the 

highest variation amplitude was recorded in the 

fertilisation variant V2, followed by the fertilisation 

variants V8 and V6, with all three fertilisation variants 

generating higher amplitudes of the variation of the 

foliar area. They were followed by the fertilisation 

variants V5, V1, V2, V3, and V4, while the lowest 

variation was recorded in the fertilisation variant V7. 

Through the multivariate analysis of the data, 

fertilisation variants can be grouped into two distinct 

groups of which one has three sub-groups, with a 

cophenetic coefficient 0.783. According to the same 

analysis, the biological material, i.e. apple varieties, 

associate depending in the degree of similarity between 

the two groups, with a cophenetic coefficient 0.864 

pointing to a high significance (Fig. 4, Fig. 5).
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Fig. 2. Allometry coefficient depending on fertilisation 

variants 

Fig. 3. Allometry coefficient depending on apple varieties 

 

20

18

16

14

12

10

8

6

4

2

D
is

ta
n
c
e

V
3

V
8

V
7

V
0

V
1

V
6

V
4

V
5

V
2

 
 

Fig. 4. Grouping trial fertilisation variants based on Euclidian distances 
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Fig. 5. Grouping biological material based on Euclidian distances 

 
Conclusions 

 
Foliar fertilisation with macro- and micro-

nutrients resulted in a variation of the foliar area in the 

five apple varieties studied: Generos (G), Florina 

(F),Delicios de Voineşti (D), Jonathan (J), Pionier (P). 

Foliar area recorded regressive values in the 

fertilisation variants V1 and V2, and in increasing 

values in the fertilisation variants V3, V4, and V5. The 

fertilisation variants V6, V7, and V8 had relatively 

constant values, close to that of the control fertilisation 

variant V0. 

The amplitude of the variation of the foliar 

area was influenced by both fertilisation variants and 

apple varieties. The highest variation was recorded in 

the fertilisation variants V2 and V8, and the lowest one 

in the fertilisation variant V7. The highest variation of 

the foliar area was in the Generos (G) and Jonathan (J) 

apple varieties, and the lowest one was in the Florina 

(F) apple variety. 

Multivariate analysis of the results groups the 

fertilisation variants and the apple varieties depending 

on similarity, the cophenetic coefficient ensuring the 

values statistically. 
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