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Abstract 
 

The strawberries are at optimum maturity for consumption when the fruit reaches maximum 
flavor, juiciness and texture. Strawberry cultivars: Mira, Idea, Benton, Marmolada, Elsanta, 
Cambridge Favourite were evaluated to determine the influence of harvest time on fruit quality 
parameters. The results showed significant differences between varieties at harvest time and for 
the same variety in all parameters investigated. The average weight of the fruit decreased from 
first to last pick up, the major weight loss was recorded for Mira cv. (13.04 g) and the lowest loss 
for Cambridge Favourite cv. (2.06 g). The color parameters were changed in the same variety 
depending on the harvest time. 

 
Cuvinte cheie: greutate medie fruct, fermitate, % Brix, indicele de culoare 
Keywords: average fruit weight, firmness, % Brix, colour index 
 
1. Introduction 

 
The strawberries (Fragaria x ananassa) are some of the most consumed fruit in the world  

appreciated especially for their flavor. Strawberry fruit quality is defined by several characteristics and is 
influenced by genetic and climatic factors (Maltoni. et al., 2009, Temocico et al., 2008). Along with 
sweetness, acidity and aroma, the color is one of the important characteristics that define the  
strawberries fruits quality (Campo et al., 2012; Voca et al., 2014). The maturation and harvesting the fruit 
are very sensitive factors with a significant impact on the quality of strawberry fruits (Mratinic and 
Milivojevic, 2009). Harvesting fruits strawberries at optimum maturity consumption enables the consumer 
to appreciate the maximum level of flavor (Temocico et al. 2008; Mladin et al. 2009). During fruit ripening, 
a number of biochemical and physiological processes occur, including: cell wall modification, the 
conversion of starch into sugars, flavor and volatile substances accumulation, as well as an increased 
content in polyphenols and other antioxidant compounds (Voca et al. 2009, Stapleton et al. 2011). 
Therefore determining the correct harvesting time is critical in for the quality of strawberry  fruits.  

The objective of this study was to evaluate the influence of harvesting moment on the fruit quality in 
some strawberries cultivars.  
 
2. Material and methods 
 

The studies was conducted during 2012-2014, in an experimental plot of Research Institute for 
Fruit Growing Pitesti, Mărăcineni according to the following experimental scheme: A factor- cultivar, with 
six graduations: a1 = Mira; a2 = Idea; a3 = Benton; a4 = Marmolada; a5 = Cambridge Favourite, and a6 = 
Elsanta; B factor - harvest time with four graduations: b1 = first harvest; b2 = second harvest; b3 = the 
third harvest; b4 = the fourth harvest. The study trial was arranged as subdivided plots in four replications 
(eight plants per replicate). The plants were spaced 25 cm apart in the row and 90 cm between rows.  

Average fruit weight was determined by weighing every fruit from samples (50 fruits/sample) using 
the digital balance HL-400.  

The fruits firmness was determined using a HPE Quality Test penetrometer with device area 
measuring 0.50 cm, expressed in HPE units. The soluble solids content was determined with digital PR 
Series refractometer. 

The color of the fruits was determined using Konica Minolta CR 400 colorimeter, based on Huntel 
system L *, a *, b *, and the measurements were made on both sides of the fruit (L* axa represents the 
brightness - darkness*, a * and b * axes representing the chromatic coordinates, fom green to red, and 
from blue to yellow, respectively). 

The Chromatographic index was determined according to the formula C*= (a*2+b*2)1/2 and the hue 
angle (redness) of the formula hº = (b*/a*). The results were statistically calculated by Duncan`s Multiple 
Range Test (p=0.05). 
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3. Results and discussions 
 

The results showed significant differences between harvest time for all cultivars and all parameters 
investigated. 

The average weight of the fruit (average over three years of study) ranged between 24.11 g for 
Mira cultivar and 12.47 g for Benton cultivar. The highest significant differences of average fruit weight in 
all the three years of study and in each harvest was obtained for Mira cultivar versus all the studied 
cultivars. The Mira cultivar also registered the highest loss (13.04 g) for the average fruit weight, from the 
first harvest (31.74 g/fruit) to the last harvest (18.70 g/fruit). The lowest loss of 2.06 g of average weight 
was shown by Cambridge Favourite cultivar, from 15.08 g/fruit at the first harvest, to 13.46 g/fruit in the 
last harvest (Table 1). The values of average fruits weight are similar to those measured by Faedi et al. in 
2002 in Italy, where the Mira cultivar had 20.3 g/fruit, and Idea cultivar 23.9 g/fruit, while Elsanta cultivar 
had 19.0 g/fruit and Marmolada cultivar had 23.6 g/fruit (Table 1).The small differences occurred because 
of the climate conditions and culture technology. 

Analyzing the fruit firmness, Marmolada cultivar showed the highest value (16.22 HPE units), the 
lowest value was recorded for variety Cambridge Favourite (9.96 units). Values obtained during 
harvesting ranged from a moment of harvest to another, but Marmolada cultivar always showed the 
highest values (Table 1). 

In the experimental period, the fruit soluble solids showed no significant differences between the 
varieties studied, the values recorded ranged from 7.33% for Mira culitvar to 9.17% for Cambridge 
Favourite cultivar (Table 1). 

The results on color parameters showed significant differences, not only between the three years of 
study, but also between the harvests, from the first to the last harvest. The mean of L * color index ranged 
from 31.71 to 32.12 units, the lowest values were recorded for Benton, Marmolada and Cambridge 
Favourite cultivars and the highest value  (32,12 units) were recorded for Elsanta cultivar. The average 
values of C * color index varied between 32.32 units in Marmolada cultivar and 32.66 units in Elsanta 
cultivar. The Elsanta cultivar showed the highest values of the hº color index, the average values of this 
indicator ranged from 14.16 units (Marmolada cultivar) to 17.35 units (Elsanta cultivar) (Table 2). 

Comparing the results obtained by Faedi et al. (2002) in Italy with our results, we see that for 
cultivars: Mira, Marmolada, Idea, Elsanta, the color parameters were lower in the case of L * color 
parameter, with an average of 9.54 units, and in the case of a* color parameter with an average of 3.74 
units, and the case of b * color parameter, on average with 16.96 units. 
 
4. Conclusions 

 
The studied strawberry cultivars had a different behavior from the point of view of the quality of the 

fruit, depending on the moment of harvesting.  
Cambridge Favourite cultivar showed the lowest loss (2.06 g) in the average fruit weight, from the 

first to the last harvest occasions, but Mira cultivar albeit had the largest fruit versus the studied cultivars, 
showed the greatest weight loss, from 31.74 to 18.70 g, between harvest occasions.  

In terms of the fruits firmness, the Marmolada cultivar recorded the highest values (16.22 units 
HPE) and Cambridge Favourite cultivar recorded the lowest values (9.96 units HPE). 

The fruits color measured with colorimeter revealed that Mira and Elsanta cultivars were in the 
category of intense red and shiny fruits. 
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Tables 
 
Table 1. Effect of harvest time on biometrics indicators in the strawberry fruits. 

Harvest Cultivar 
Average  

fruit 
weight (g) 

Firmness 
(HPE units) 

Soluble 
solids 

 (% Brix) 
 
 
 
I 

Mira 31.74 a 14.90 a 8.42 a 
Idea 27.51 b 12.89 a 8.41 a 
Benton 14.86 d 10.44 a 9.52 a 
Marmolada 21.70 c 17.53 a 7.36 a 
Cambridge Favourite 15.08 d 9.43 a 8.80 a 
Elsanta 19.92 c 10.64 a 8.79 a 
LSD 0.05 3.401 8.047 2.582 

 
 
 
II 

Mira 23.40 a 13.13 ab 6.70 a 
Idea 23.31 a 9.78 b 7.73 a 
Benton 13.17 c 11.69 b 8.33 a 
Marmolada 16.60 bc 16.31 a 7.82 a 

Cambridge Favourite 13.48 c 9.69 b 8.97 a 
Elsanta 17.78 b 9.52 b 8.60 a 
LSD 0.05 3.362 3.570 3.115 

 
 
 

III 

Mira 22.61 a 12.35 ab 7.55 a 
Idea 20.08 ab 10.13 ab 7.70 a 
Benton 11.18 c 8.62 b 8.23 a 
Marmolada 16.46 b 14.44 a 8.34 a 
Cambridge Favourite 11.89 c 9.63 ab 9.84 a 
Elsanta 16.51 b 8.38 b 9.19 a 
LSD 0.05 4.191 4.870 2.759 

 
 
 

IV 

Mira 18.70 a 12.65 a 6.70 a 
Idea 18.21 a 10.80 a 7.73 a 
Benton 11.33 b 10.09 a 8.33 a 
Marmolada 16.18 a 16.60 a 7.82 a 
Cambridge Favourite 13.02 b 11.10 a 8.97 a 
Elsanta 18,21 a 11.83 a 8.60 a 

LSD 0.05 2.738 7.845 2.585 
 
 
 

Average 

Mira 24.11 a 13.26 ab 7.33 a 
Idea 22.37 a 10.90 ab 7.94 a 
Benton 12.47 c 10.21 a 8.70 a 
Marmolada 18.07 b 16.22 a 7.79 a 
Cambridge Favourite 13.46 c 9.96 b 9.17 a 
Elsanta 18.19 b 10.09 b 8.64 a 
LSD 0.05 2.664 5.351 2,450 

Note that here and in the following table, different letters show significant differences for P < 0.05. 
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Table 2. The effect of harvest time on colour parameters in the strawberry fruits 

Haevest Cultivar 
L* 

(brightness-
darkness) 

a* 
(green-red 
spectrum 

b* 
(blue-
yellow 

spectrum) 

C*  
(chromatographic 

index  – color 
saturation) 

h°  
(hue angle, 

redness) 

I 

Mira 32.90 b 30.61 d 13.25 b 33.35 b 23.41 b 

Idea 32.22 c 31.01 c 10.22 c 32.65 c 18.25 c 

Benton 32.12 d 31.06 b 9.80 d 32.57 d 17.52 d 

Marmolada 32.08 e 31.09 a 9.60 e 32.54 e 17.15 e 
Cambridge 
Favourite 

32.06 e 31.10 a 9.49 e 32.52 e 16.97 e 

Elsanta 32,97 a 30.57 e 13.55 a 33.44 a 23.90 a 

LSD 0.05 0.027 0.014 0.126 0.032 0.218 

II 

Mira 32.10 c 31.08 d 9.70 c 32.55 c 17.34 c 

Idea 32.17 a 31.03 f 10.01 a 32.61 a 17.88 a 

Benton 31.71 e 31.32 b 7.91 e 32.31 e 14.19 e 

Marmolada 31.73 d 31.30 c 8.02 d 32.32 d 14.37 d 
Cambridge 
Favourite 

31.68 f 31.33 a 7.81 f 32.29 f 14.00 f 

Elsanta 32.15 b 31.05 e 9.91 b 32.59 b 17.70 b 

LSD 0.05 0.013 0.009 0.061 0.009 0.108 

III 

Mira 31.78 a 31.28 f 8.23 a 32.34 a 14.75 a 

Idea 31.66 c 31.35 d 7.70 c 32.28 c 13.81 c 

Benton 31.54 e 31.42 b 7.17 e 32.23 d 12.85 e 

Marmolada 31.52 f 31.44 a 7.06 f 32.22 d 12.66 f 
Cambridge 
Favourite 

31.64 d 31.36 c 7.59 d 32.27 c 13.62 d 

Elsanta 31.75 b 31.29 e 8.13 b 32.33 b 14.56 b 

LSD 0.05 0.013 0.009 0.062 0.010 0.109 

 
 
 

IV 

Mira 31.57 c 31.41 d 7.27 c 32.24 c 13.04 c 

Idea 31.61 a 31.38 f 7.49 a 32.26 a 13.43 a 

Benton 31.47 e 31.47 b 6.84 e 32.21 d 12.27 e 

Marmolada 31.50 d 31.45 c 6.95 d 32.21 d 12.47 d 
Cambridge 
Favourite 

31.45 f 31.48 a 6.74 f 32.2 e 12.08 f 

Elsanta 31.59 b 31.39 e 7.38 b 32.25 b 13.23 b 

LSD 0.05 0.014 0.010 0.062 0.008 0.112 

 
 
 

Average 

Mira 32.09 b 31.09 c 9.62 b 32.63 b 17.13 b 

Idea 31.92 c 31.19 b 8.86 c 32.45 c 15.84 c 

Benton 31.71 d 31.32 a 7.93 d 32.33 d 14.21 d 

Marmolada 31.71 d 31.32 a 7.91 d 32.32 d 14.16 d 
Cambridge 
Favourite 

31.71 d 31.32 a 7.91 d 32.32 d 14.17 d 

Elsanta 32.12 a 31.08 d 9.74 a 32.66 a 17.35 a 

LSD 0.05 0.016 0.011 0.076 0.013 0.133 
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