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Abstract       The importance of apple tree culture for worldwide fruit 
production is due to the high importance of its fruits’ qualities, which have are 
indispensable in alimentation, in prevention and control of some diseases. 
The culture technology of apple trees is one of the determinant factors of 
good quality yields. In order to improve some of these, a study was developed 
in the Agrotechnique Department of Faculty of Horticulture and Forestry of 
Timisoara upon Jonathan apple variety cultivated in the orchard of the Fruit 
Culture Department. This article presents the impact of three soil 
maintenance systems upon fruits’ quality, meaning weight, sugars and acidity 
content. For this, there were stablished four experimental variants: V1 – no 
herbicides, no hoes – control variant; V2 – mulching with mowed grass 
between the tree rows; V3 – mixed Fabaceae plants seeded between the tree 
rows + Roundup (3l/ha) on the tree row; V4 – 2 manual hoes + 2 mechanical 
hoes. The results show that, for Jonathan variety, the best results concerning 
fruits weight and sugars content were obtained in variants V3 and V2, and the 
smallest fruits were harvested from variants V1 and V4. On the opposite, the 
highest content of acidity was determined in variants V1 and V4. The sugars-
acidity index is a parameter which shows whether there is a good balance 
between these two features, in all of the variants passing the value of 50, 
showing that the fruits are well balanced, of a good sweet-sour taste.   
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The importance of apple tree culture for 

worldwide fruit production is due to the high 

importance of its fruits’ qualities, which have are 

indispensable in alimentation, in prevention and 

control of some diseases. Having a complex chemical 

composition (sugars, fat acids, vitamins, minerals, 

tannins, pectic substances, proteins, cellulose, phenols, 

acetates, carbonyls, esters, etc.), apples should be 

regularly consumed as they reduce the risk of cancer, 

cardiovascular disease, asthma and diabetes compared 

to other fruits and vegetables [2, 7]. 

Some studies have also shown that apples 

inhibit significantly by 39-43%, increase in liver cancer 

cells and colon, especially Red and Golden Delicious 

apples. Eating 3-6 apples a day can prevent breast 

cancer, according to a new study. Apples improve lung 

function and normalize weight. Basically, protection is 

especially good with how many apples are consumed 

daily [2]. 

Metabolite content is characteristic for each 

species and variety in hand and is within certain limits. 

Exceeding the upper limit is a goal pursued in research 

on fruit growing constantly. 

In order to get good quality apples, a great 

attention should be focused on the culture technology. 

Among this, improving soil maintenance systems in an 

orchard is one of the very important links of the culture 

technology [6].  

Soil maintaining system in the orchard not 

only helps the growers to maintain the orchard (the 

treatments, pruning and other technological links are 

better done on a seeded soil than on a perfectly clear 

one), but at the same time, indirectly it determines the 

increase of production and its quality. This is done by 

keeping the soil clear of weeds, which compete with 

the tress for water and nutrients and which are also 

hosts for different diseases and pests; by improving 

soils’ chemical features – plants which fix nitrogen and 

finally by using less pollutant methods of controlling 

weeds, such as mulching with mowed grass or using 

rationally the herbicides, after preliminary observing 

the weeding degree and the floral composition, in order 

to use the most efficient product [3, 8]. 
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Materials and Methods 

 
In this article present the preliminary results 

concerning the impact of three soil maintenance 

systems upon fruits’ quality, meaning weight, sugars, 

acidity and metals content.  

In this purpose, some researches were 

developed for the PhD Thesis entitled: Studies on the 

chemical composition of apples and apple products 

obtained under different agricultural techniques, 

strategies and measures to reduce contamination of 

fruits with minimum impact on the environment [10]. 

The biological material consists in Jonathan 

apple variety, varieties which has its ripening period in 

October, has a very good taste, flavour and juiciness 

and also it is very cultivated in the orchards of Western 

Romania. Though it is a species sensitive to scab and 

powdery mildew and often attacked by Cydia 

pomonella, because of its taste, flavour, large culture 

surfaces and high demand on the markets, Jonathan 

variety was also called “the king of apples” [6].  

The apple trees were planted in 1997, being 

established an intensive culture system, they were 

grafted on MM106 rootstock and the adopted crown 

system is Palm Spindelbusch. In the orchard there was 

applied a classic spraying scheme, done in Romanian 

apple orchards, there was no fertilization or irrigation. 

Choosing the soil maintenance systems was 

based on the fact that nowadays it is important to 

reduce the whole environment’s pollution and to try to 

obtain good quality and quantity yields with minimum 

impact upon the ecosystem. In this purpose, the soil 

maintenance systems were chosen so that they would 

be less pollutant and efficient considering the costs. 

The experimental variants were established as 

incomplete blocks, an experimental technique which is 

very used mainly in those experiments where soil has a 

great impact upon the culture, because they eliminate 

errors cause by soil’s no homogeneity.  By the method 

of simple balanced grid, the variants meet each other 

only once [4, 10]. The experimental variants were: 

V1 – no herbicides, no hoes – control variant;  

V2 – mulching with mowed grass between the 

tree rows;  

V3 – mixed Fabaceae plants seeded between 

the tree rows + Roundup (3l/ha) on the tree row;  

V4 – 2 manual hoes + 2 mechanical hoes. 

In V2 the grass between the tree rows is made 

of a mixture of Lolium perenne (50%) and Poa 

pratensis (50%), while in variant 3 the mixed 

Fabaceae plants seeded between the tree rows is 

represented by a mixture of Trifolium repens and Lotus 

corniculatus. These plants have more benefits, such as: 

they improve the quantity of nitrogen in the soil and at 

the same time they also can be used as green manure, 

by incorporating them into the soil in autumn [5, 9]. 

The fruits were harvested in late September - 

beginning of October 2009. The fruits were weighted 

and then there was determined the average weight for 

each experimental variant. In the laboratory there were 

done chemical analyses to determine the dry substance 

(d.s.) content (%), which was used afterwards in the 

calculation formula for determining sugars in fruit 

juices [(d.s.x4.25)/4]-2.5. The acidity was determined 

by titration with HCl 0.1 N [1] and then the sugars-

acidity index was calculated. At the same time, we 

determined metals content in fruits using atomic 

absorption spectrometry. 

The data obtained were statistically calculated 

using the variance analyses method. 

 

Results obtained 

 
We will present the preliminary results of 

average weight, average content of sugars, acidity and 

metals, sugars-acidity index of Jonathan apples, 

obtained in 2009, in tables 1-5. 

Concerning apples’ weight, for Jonathan 

variety we observed that the control variant-V1 has the 

lowest value, of only 140.20 g, all the other variants 

having values which pass 159 g. So, in variant 4 (2 

manual+2mechanical hoes) the average weight of 

apples was 159.80g and in variant 2 – mulching – it 

was 161.30g. The highest weight value was obtained in 

variant 3 – Fabaceae mixture + herbicide Roundup – 

3l/ha, of 162.40 g. All four varieties had fruits with a 

weight higher than the one in the control variant, so 

that their differences were very significant positive 

(table 1). 

 

Table 1 

Jonathan variety’s fruits average weight (g), 2009 

Variant Average weight (g) Relative value (%) 
Difference to the 

control (g) 
Significance 

V1 – no herbicides, no hoes – control variant  140.20 100.00 0.00 mt 

V2 – mulching with mowed grass between the tree 

rows 
161.30 115.05 21.10 *** 

V3 – mixed Fabaceae plants seeded between the tree 

rows + Roundup (3l/ha) on the tree row 
162.40 115.83 22.20 *** 

V4 – 2 manual hoes + 2 mechanical hoes 159.80 113.98 19.60 *** 

DL 5%= 7.28  DL 1%= 11.03  DL 0.1%= 17.71 
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For the chemical composition of apples, after 

determining the total sugars content and acidity (malic 

acid g/l), we calculated the sugars-acidity index, as the 

report between sugars and acidity. The values of this 

index show, indirectly, the quality of apples, so that 

when the values pass 50, the fruits are sweeter, with a 

better taste. 

For Jonathan variety, we observed that fruits 

in all variants had a good value of the sugars-acidity 

index, overpassing 50. In the control variant the value 

of this index was 55.40, while in all the other variants 

the values of this index passed 62. In variant 3, the 

sugars-acidity index was 62.98 and in variant 4 it was 

63.29, while the best value of sugars-acidity index was 

obtained in variant 2 (mulching) of 78.50 (table 2).

 

Table 2 

Jonathan variety’s fruits chemical composition, 2009 

Variant Dry substance (%) Total sugars (%) Malic acid (g/l) 
Sugars-acidity 

index 

V1 – no herbicides, no hoes – control 

variant  
12.1 10.36 0.187 55.40 

V2 – mulching with mowed grass between 

the tree rows; 
12.7 10.99 0.140 78.50 

V3 – mixed Fabaceae plants seeded 

between the tree rows + Roundup (3l/ha) on 

the tree row; 

12.9 11.21 0.178 62.98 

V4 – 2 manual hoes + 2 mechanical hoes 12.3 10.57 0.167 63.29 

 

 

Analysing total sugars content in fruits of 

Jonathan apples, we see that the content was high, 

ranging from 10.36% in V1 up to 11.21% in V3. 

Variant 4 was the only variant in which the differences 

to the control were not statistically assured, sugars 

amount being 10.57 %. The other two variants, having 

higher values, gave significant positive differences to 

the control variant, with values of 10.99% in V2 and 

11.21% in V3 (table 3).

 

Table 3 

Total sugars’ average content (%) in Jonathan apples, 2009 

Variant Average content (%) Relative value (%) 
Difference to the 

control (%) 
Significance 

V1 – no herbicides, no hoes – control variant  10.36 100.00 0.00 mt 

V2 – mulching with mowed grass between the tree 
rows; 

10.99 106.15 0.64 * 

V3 – mixed Fabaceae plants seeded between the 

tree rows + Roundup (3l/ha) on the tree row; 
11.21 108.21 0.85 * 

V4 – 2 manual hoes + 2 mechanical hoes 10.57 102.03 0.21 - 

DL 5%= 0.62  DL 1%= 0.94  DL 0.1%= 1.52 

 

Acidity’s content in apples, ranged from 0.140 

g/l malic acid in variant 2 (very significant negative 

differences) and 0.187 g/l malic acid in the control 

variant. Variant 3 had 0.178 g/l malic acid, and it had 

small differences which were not statistically assured, 

while variant 4 had a content of 0.167 g/l malic acid, so 

that the differences obtained were significant negative 

(table 4). In this case, the negative significances of the 

differences to the control variant are favourable, 

meaning that the fruits were not too sour, but they were 

sweet-sour, sufficient for satisfying the thirst and also 

with a good taste. This does not mean that the higher 

values in the other variants determined sour fruits, 

because they had good sugars’ content, but they were 

more refreshing [10]. 

Table 4 

Acidity’s average content (g/l malic acid) in Jonathan apples, 2009 

Variant 
Average content (g/l  

malic acid) 
Relative value (%) 

Difference to the 
control (%) 

Significance 

V1 – no herbicides, no hoes – control variant  0.187 100.00 0.000 mt 

V2 – mulching with mowed grass between the tree 

rows; 
0.140 75.04 -0.047 000 

V3 – mixed Fabaceae plants seeded between the 

tree rows + Roundup (3l/ha) on the tree row; 
0.178 95.37 -0.009 - 

V4 – 2 manual hoes + 2 mechanical hoes 0.167 89.48 -0.020 0 

DL 5%= 0.016  DL 1%= 0.024  DL 0.1%= 0.038 
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Metals’ content in Jonathan apples was 

determined by atomic absorption spectrometry (AAS), 

and for each of the determined elements: iron, 

manganese, zinc and copper did not overpass the 

maximum admissible limits shown in the below table, 

according to the Order of the Ministry of Agriculture, 

Food and Forestry no. 293/640/2001-1/2002: 

Table 5 

Metal’s maximum admissible limits 

Fruits As Cd Pb Zn Cu Sn Hg 

Fresh fruits 0.5 0.05 0.5 5.0 5.0 - 0.05 

 

Iron and manganese don’t have maximum 

admissible limit. But even so, normally apples have 

less than 10 ppm iron and even if this value would be 

overpassed, it is neutralized by the presence of 

polyphenols. Apples are not very high in this element, 

however, apples have a very beneficial ability in that 

they can aid the body efficiently absorb the iron found 

in all the other foods - including eggs and organ meats 

like liver [11]. Manganese also has an important role in 

human organism, being found in fresh apples in a 

quantity of maximum 2.00 ppm [12]. 

Looking at table 6, we see that iron ranged 

from 6.33 ppm in variant 1 and 7.83 ppm in variant 4, 

manganese had the lowest value in V1 – the control – 

0.81 ppm and 0.88 ppm in variant 2 – mulching, zinc 

content ranged from 1.83 ppm (V1 - control) and 0.88 

ppm (V2 - mulching) and copper ranged from 1.83 

ppm (V1) and 2.66 ppm in V3 – green manure and 

herbicide treatment. All in all, we can conclude that in 

the control variant there were determined the smallest 

contents of all four minerals and the highest content in 

variants 3 (green-manure + Roundup 3 l/ha) and 2 

(mulching) (table 6). 

 

Table 6 

Metal’s average content (ppm) in Jonathan apples, 2009 

Variant Fe ppm Mn ppm Zn ppm Cu ppm 

V1 – no herbicides, no hoes – control variant  6.33 0.81 1.83 1.83 

V2 – mulching with mowed grass between the tree 

rows; 
7.16 0.88 2.83 2.50 

V3 – mixed Fabaceae plants seeded between the 
tree rows + Roundup (3l/ha) on the tree row; 

7.50 0.86 2.83 2.66 

V4 – 2 manual hoes + 2 mechanical hoes 7.83 0.83 2.16 2.50 

 

Conclusions 

 
Keeping the soil clear of weeds in an orchard 

is a very important technological work, because weeds 

always compete with the tress for water and nutrients 

and they are also hosts for different diseases and pests. 

At the same time, using organic methods in order to 

improve soils’ chemical features – plants which fix 

nitrogen and using less pollutant methods of 

controlling weeds, such as mulching with mowed grass 

or using rationally the herbicides, after preliminary 

observing the weeding degree and the floral 

composition, in order to use the most efficient product, 

are some very important operations that need to be 

taken into consideration by all fruit growers.  

The results obtained show that the highest 

weight of apples were determined by green manure 

plants + herbicide Roundup 3 l/ha (V3) and mulching 

(V2), and the smallest fruits were obtained in the 

control variant (V1), followed by variant 4 (2 manual + 

2 mechanical hoes). 

The value of sugars-acidity index was 55.40 

in the control variant, while in all the other variants the 

values of this index passed 62, meaning that fruits had 

a good balance between sugars and acidity and by this 

they had a good taste. Sugars’ content had the highest 

values in variants 3 and 2, showing that the organic soil 

maintenance systems (mulching, green manure) can 

influence, at some point, the increase of total sugars in 

apples. The acidity was higher in variants 1 and 3 than 

in the other two variants, even so keeping a good 

balance, while the smallest content of malic acid was 

determined in V2 – only 0.140 g/l. 

Concerning metals’ content in apples the 

determined elements: iron, manganese, zinc and copper 

did not overpass the maximum admissible limits and 

they had the smallest values in the control and the 

highest content in variants 3 (green-manure + Roundup 

3 l/ha) and 2 (mulching), which we recommend for 

Jonathan apple orchards. 
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