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Abstract       Large differences in terms of nutrient content were determined 
in strawberry varieties affected by enviromental factors. Even so, little 
attention has been focused on fruit quality and chemical composition of 
strawberry grown on different mulch systems. The aim of the research was to 
compare the effects of mulch types (agro-textile, 0,04 mm thick black 
polyethylene and straw) and two fertilizer systems (poultry manure and liquid 
NPK 24:8:16, Mg 2,2%, S 2%, B 0.03%, Fe 0,1%, Mn 0,05% and Zn 0,025%) 
in content of vitamin C and total acidity of 10 new strawberry cultivars (‘Alba’, 
‘Kimberly’, ‘Korona’, ‘Elliany’, ‘Elsanta’, ‘VimaZanta’, ‘Viktoriana’ ‘Virena’, 
‘VimaXima’, ‘Premial’) .The highist content in vitamin C, strongly recommend 
the mulch with agro-textil Kimberly variety, organically fertilized. Vima Xima 
cultivar,under agrotextile mulch, fertilized organic ensures a high percentage 
(0.85 %) in organic acids (citric acid, predominantly). Vitamin C content 
(mg/100g fresh fruit) was determined by volumetric method. Total acidity of 
the fruit was determined in samples from fresh fruit from each sample by 
taking the equivalent of 10 g.   
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The size, the shape, the color, the firmness, the acidity, 

the sweetness and the overall fruit flavor make 

strawberry, one of the most popular spring and summer 

fruits [13]. Fresh fruits are the major source for the 

vitamin C required in the human diet. For example, 

depending on the age group, the daily requirement for 

vitamin C is about 60 – 90 mg [3] and strawberry 

contain this amount in about 100 g of fresh tissue [14]. 

Strawberries are frequently harvested at 3/4 ripe (pink) 

or even 1/2 ripe (green) stages, in order to prevent 

postharvest losses due to softening and fungal decay 

[12]. It is therefore important to know when ripe 

vitamin C concentration is higher. 

 Complex interplay between temperature and day 

length directly influence the content of vitamin C and 

total acidity of strawberry fruits [8]. Therefore, when a 

variety is selected for specific climatic conditions but is 

cultivated in other areas, there are changes on the 

chemical composition and production [12]. 

The objective of the present study was to compare the 

effects of several mulch types (agro-textile, black 

polyethylene and straw – vetch) and fertilization 

(conventional and organic) on the chemical 

composition of ten strawberry cultivars.  

 

Materials and Methods 
  

The research has been carried out in a commercial 

farm, set up in spring of 2012 at Cluj-Napoca, 

Romania, and the Biological material was provided by 

Vissers Company, Netherlands and The Institute of 

Research and Developement , Piteşti Mărăcineni, in the 

form of strawberry runners. 

The experimental design was a complete poly-factorial 

Latin rectangle design. First experimental factor was 

the cultivar having 10 graduations (‘Alba’, ‘Kimberly’, 

‘Korona’, ‘Elliany’, ‘Elsanta’, ‘VimaZanta’, 

‘Viktoriana’, ‘Virena’, ‘VimaXima’, ‘Premial’).  

Strawberry were planted in single rows and beds 

covered with three different types of mulch (agro-

textile, 0,04 mm thick black polyethylene and straw) so 

the second experimental factor having three graduation 

was type of mulch and the  third factor was fertilization 

treatments (poultry manure and liquid NPK 24:8:16, 

also containing microelements  Mg 2.2%, S 2%, B 

0.03%, Fe 0.1%, Mn 0.05% and Zn 0.025%).  

In qualitative (vitamin C and acidity) strawberry 

samples, taken from the experimental field were 

analyzed in the Laboratory of Horticulture, 

respectively Horticultural Products Technology 

Laboratory of Veterinary Medicine Cluj-Napoca. 

Determination of vitamin C and organic acids was 

performed according to the methods described by 

Marca  [9]. Vitamin C content (mg/100g fresh fruit) 

was determined by volumetric method. Total acidity of 

the fruit was determined in samples from fresh fruit 

from each sample by taking the equivalent of 10 g.The 

results obtained were processed by means of the 
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variant analysis the poly-factorial model of the divided 

plots. To analyze the data, the multiple comparison test 

of Duncan was used. 

 
Results and Discussions 

 
Analyzing data from Tab. 1, it can be observed that 

from the three mulch systems , the highest content of 

vitamin C was obtained with agro-textile mulch 29.66 

mg/100 g SP (fresh fruit) followed closely by straw 

mulch 29.48 mg /100 g SP. The lowest content of 

vitamin C was recorded on black polyethylene mulch 

with 25.89 mg/100 g SP. Differences between the three 

systems of mulch are statistically assured. 
Data from the last column of the table show that 

regardless the type of mulch the largest content in 

vitamin C was obtained by Kimberly cultivar 48.81 

mg/100 g SP followed at a considerable distance by 

Elsanta 35.14 mg/ 100 g SP and  Premial 33.93 mg/100 

g SP. 

 

Table 1 

Influence of mulch system and cultivar on the vitamin C content  

Cultivars Mulch system 

 Agro-textile Polyethylene Straw Mean cultivar 

‘Alba’ 13.88  c   22.62  h 42.74  p 26.41 D 

‘Premial’ 39.13  o 29.95  k 32.71  l 33.93 H 

‘Kimberly’ 65.15  r 33.91  m 47.37  q 48.81 J 

‘Korona’ 29.48  k 33.76  m 20.83  g 28.02 E 

‘Elianny’ 33.09  l-m 28.16  j 36.43  n 32.56 G 

‘Elsanta’ 30.19  k 33.23  l-m 42.01  p 35.14 I 

‘Vima Zanta’ 8.63  a 23.44  h-i 14.67  c-d 15.58 B 

‘Viktoriana’ 13.90  c 12.17  b 17.72  f 14.60 A 

‘Virena’ 47.64  q 23.93  i 23.73  i 31.77 F 

‘Vima Xima’ 15.55  d 17.69  f 16.63  e 16.62 C 

Mean mulch system 29.66 N 25.89 M 29.48 N  

LSD5% cvs 0.71 – 0.82  LSD5% mulch system  

0.30 – 0.32  

LSD5% interaction mulch system x 

cultivar 0.96 – 1.16  

Note * = the difference between any two values followed by at least one common letter is not significant 

Data inside the table shows the combined influence of 

two experimental factors. From this interaction vitamin 

C content values ranged between 8.63 and 65.15 

mg/100 g SP. Other studies in Estonia on varieties 

Senga-Sengana, Korona, Polka and Bounty on straw 

mulch had recorded a content of 50 mg/100 g and 47 

mg/100 g SP [5]. 

 Fertilization system is also very important in terms of 

vitamin C content of fruit. Differences between the two 

fertilizer systems were statistically assured (Tab. 2). 

The highest content of vitamin C was obtained in the 

organic fertilized 28.76 mg/100 g SP. This results is in 

accordance with the other investigation [2].

 

Table 2 

Influence of fertilization system and cultivar on vitamin C content 

Cultivars Fertilization system 

Poultry manure NPK Mean cultivar 

‘Alba’ 25.78  e 27.04  f 26.41 D 

‘Premial’ 30.35  h 37.51  l 33.93 H 

‘Kimberly’ 54.78  n 42.85  m 48.81 J 

‘Korona’ 27.05  f 29.00  g 28.02 E 

‘Elianny’ 34.93  k 30.19  h 32.56 G 

‘Elsanta’ 36.80  l 33.48  j 35.14 I 

‘Vima Zanta’ 17.58  d 13.57  a 15.58 B 

‘Viktoriana’ 12.75  a 16.45  c 14.60 A 

‘Virena’ 31.99  i 31.54  i 31.77 F 

‘Vima Xima’ 15.57  b 17.68  d 16.62 C 

Mean fertilization system 28.76  M 27.93  N  

LSD5% cvs 0.71 – 0.82 LSD5% fertilizer system 0.26 

 

  LSD5% interaction fertilization 

system x cultivar 0.83 – 1.02 

Note * = the difference between any two values followed by at least one common letter is not significant 
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Regardless of the fertilization system used, among the 

ten cultivars the highest content in vitamin C was 

registered in order by: Kimberly 48.81 mg/100 g SP, 

Elsanta 35.14 mg/100 g SP and  Premial 33.93 mg/100 

g SP. 

Following fertilization and cultivar interaction the 

highest content of vitamin C was obtained in both 

systems by Kimberly cultivar, in organic fertilization 

54.78 mg/100 g SP and 42.85 mg/100 g SP in 

conventional fertilization. 

The greatest influence on the content of vitamin C in 

strawberry fruit was given by cultivar (F = 1953.629), 

followed by interaction cultivar × mulch (F = 790.299). 

The slightest influence on the concentration of vitamin 

C in strawberry fruits was given by fertilizer (F = 

39.441), followed by interaction mulch x fertilizer (F 

81,442).

Table 3 

Influence of mulch system and cultivar upon the acidity  

 
Cultivars Mulch system 

 Agro-textile Polyethylene Straw Mean cultivar 

‘Alba’ 0.67  d-f 0.74  e-g 0.75  f-g 0.72  D-F 

‘Premial’ 0.64  d-f 0.72  d-f 0.67  d-f 0.68  C-D 

‘Kimberly’ 0.52  a-b 0.47  a-b 0.68  d-f 0.56  A 

‘Korona’ 0.65  d-f 0.83  g-h 0.43  a 0.63  B-C 

‘Elianny’ 0.93  i 0.71  d-f 0.55  b-c 0.73  E-F 

‘Elsanta’ 0.68  d-f 0.71  d-f 0.70  d-f 0.70  D-E 

‘Vima Zanta’ 0.67  d-f 0.71  d-f 0.68  d-f 0.69  D-E 

‘Viktoriana’ 0.67   d-f 0.47  a-b 0.50  a-b 0.55  A 

‘Virena’ 0.53  b 0.63  c-d 0.72  d-f 0.63  B 

‘Vima Xima’ 0.85  h 0.94  i 0.50  a-b 0.76  F 

Mean mulch system 0.68  N 0.69  N 0.62  M  

LSD5% cvs 0.04 – 0.05 LSD5% mulch system 0.03 – 0.03 

 

LSD5% interaction mulch system x 

cultivar 0.08 – 0.10 

Note * = the difference between any two values followed by at least one common letter is not significant 

Organic acids with other substances (tannins, sugars) 

have an important role on the quality of strawberry 

fruit. Fruits low in acidity, has a bland taste. The most 

important organic acids found in strawberry fruit are 

citric acid, ascorbic, malic, ellagic and pantothenic. 

Results of strawberry fruit acidity were expressed in 

equivalent citric acid. 

In all mulching systems there were differences 

statistically assured (Tab.3). The highest concentration 

of organic acids were recorded on black polyethylene 

mulch 0.69 % followed by agro-textile mulch 0.68 %. 

Compare the cultivars, the highest concentration in the 

organic acids were obtained by Vima Xima 0.76 % 

followed in order by Elianny 0.73 % and Alba 0.72 %. 

The smallest concentration of organic acids was 

registered varieties Kimberly 0.55 % and Viktoriana 

0.56 %. Regarding to the combined influence of two 

experimental factors, the highest concentration of 

organic acids was recorded by Korona cultivar 0.83% 

on black polyethylene mulch. 

Table 4 

Influence of fertilization system and cultivar upon the acidity  

Cultivars Fertilization system 

Poultry manure NPK Mean cultivar 

‘Alba’ 0.78  g-h 0.66  c-e 0.72  D-F 

‘Premial’ 0.71  d-g 0.64  c-d 0.68  C-D 

‘Kimberly’ 0.52  a 0.60  b-c 0.56  A 

‘Korona’ 0.76  f-h 0.51  a 0.63  B-C 

‘Elianny’ 0.77  g-h 0.69  d-f 0.73  E-F 

‘Elsanta’ 0.69  d-f 0.71  d-g 0.70  D-E 

‘Vima Zanta’ 0.68  d-e 0.69  d-f 0.69  D-E 

‘Viktoriana’ 0.58  a-b 0.54  a-b 0.55  A 

‘Virena’ 0.71  d-g 0.55  a-b 0.63  B 

‘Vima Xima’ 0.81  h 0.72  e-g 0.76  F 

Mean fertilization system 0.70  P 0.63  O  

LSD5% cvs 0.04 – 0.05 LSD5% fertilizer system 0.02  

 

  LSD5% interaction fertilization 

system x cultivar 0.06 – 0.08 

Note * = the difference between any two values followed by at least one common letter is not significant 
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Comparing the two fertilization systems there are 

significant differences statistically assured (Tab. 4). 

The highest concentration of organic acids was 

recorded in organic fertilization 0.70 %. Data within 

last column of the table shows that Elsanta and Vima 

Zanta varieties had close concentration in organic 

acids. Recorded value of Elsanta cultivar 70 % is also 

confirmed by Katarzyna and Jan [ 6]. 

From the interaction of two factors fertilizer and 

cultivar, Xima Vima, Alba and Elianny with organic 

fertilizer had the highest concentration of organic 

acids. The lowest concentration of organic acids was 

registered by Korona variety in conventional 

fertilization. 

In Tab. 5 it is showed the influence between mulch 

system and fertilizer upon the total content in acidity. 

Data obtained on agro-textile mulch 0.68 % and straw 

mulch 0.69 % are equal in terms of statistics. The 

highest concentration of organic acids 0.70 %  were 

obtained on organic fertilization. 

Table 5 

Influence between mulch system snd fertilisazion system upon the acidity  

Mulch system Fertilization system 

Poultry manure NPK Mean mulch 

Agro-textile 0.69  c 0.67  c 0.68  N 

Polyethylene 0.75  d 0.64  b 0.69  N 

Straw 0.65  b-c 0.58  a 0.62  M 

Mean fertilization system 0.70  P 0.63  O  

LSD5% mulch system 0.03 – 0.03 LSD5% fertilizer system 0.02 LSD5% interaction fertilization 

system x mulch 0.03 – 0.04 

Note * = the difference between any two values followed by at least one common letter is not significant 

The greatest influence on the concentration of organic 

acids had the fertilizer (F = 44.185), followed by 

cultivar (F = 22.737). The smallest influence on the 

concentration of organic acids had the interaction 

mulch x fertilizer (F = 9.280) followed by interaction 

cultivar x fertilizer (F = 9.640). 

Conclusions 

 
Experience has shown that the highest value 

determined by the content of organic acids and vitamin 

C is different depending on the cultivar, mulch and 

method of fertilization. 
The quantity  of organic acids and high content of 

vitamin C in some cultivars are strongly influenced 

extrinsic (temperature, weather conditions, harvesting 

time). 

The highist content in vitamin C, strongly recommend 

the mulch with agro-textile Kimberly variety, 

organically fertilized.  

Vima Xima cultivar,under agro-textile mulch, fertilized 

organic ensures a high percentage (0.85%) in organic 

acids (citric acid, predominantly).  
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