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Abstract       The quality of the Romanian vegetable production is currently of 
a great importance as far as alimentation, horticultural economy and 
commerce with such perishable produce because that it determines 
competition on both the internal and the external market and, implicitly, the 
maintaining of the market for Romanian products in the context of an open, 
competitive market. This paper presents aspects concerning certain 
technological links which are extremely important for the realisation of the 
onion’s quality and its ability to maintain its attributes during long term 
storage. The experiments are based upon a number of factors, among which 
the influence of the cultivar, the plant density and the level of fertilisation upon 
the physical and biochemical indicators related to the quality of the onion and 
to the quantitative losses and qualitative depreciations during storage under 
refrigerated conditions for various periods of time. The results revealed the 
fact that moderate densities and fertilisations ensure a long term quality of the 
onion, despite the fact that it is realised to the detriment of the quantity of the 
production.   
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The complete satisfaction of vegetable consumption 

throughout the entire year, both at the current level as 

well as in perspective determines a constant 

preoccupation for finding new solutions for the 

increasing of the production as well as the latter’s 

quality, by means of using the most efficient 

technologies (4). 

 As far as produce destined for long term 

storage are concerned, as it is the case for onion bulbs, 

respecting the technological links which influence the 

forming and maintaining of the quality and the storage 

capacity is of great importance (1) because choosing 

the adequate type of onion for the storage spaces is of 

the utmost importance when aiming to maintain the 

quality during storage. In order to achieve this goal the 

crops destined for storage must be kept under 

observation beginning with the vegetative phase, 

meaning the moment the crop is started (3). 

 Nevertheless, the current preoccupations are 

focused rather on the perfecting of the technologies in 

view of increasing production (5,6) rather than on 

obtaining a quality which could be maintained during 

storage and this is because often quality is obtained to 

the detriment of quantity. 

 In order to improve the onion’s storage 

capacity certain supplementary culture measures and 

phytosanitary treatments are required, which are 

reflected in the price of the produce destined for 

storage. The losses which occur during long term 

storage must be as small as possible so as this process 

be justified from an economic point of view (2). 

   

Material and Methods 

   
The experiments involved a number of factors and 

were carried out upon onions cultivated in a vegetable 

farm from the seashore area, where the technological 

culture conditions and the obtaining of quality were 

verified. The storage of the produce, the physical and 

biochemical analyses and the verification of the 

maintaining of the quality were carried out at 

ICDIMPH-Horting Bucharest. 

The experimental variants were the following: 

a – plant density 

 a1 – 500,000 plants/ha 

 a2 – 600,000 plants/ha 

 a3 – 700,000 plants/ha 

b - cultivar 

b1 – Androna 

b2 – Diamant 

c – nutrition level 

 c1 – N:100 kg/ha; P2 O5:100 kg/ha; K2O:100 

Kg/ha 
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 c2 – N:300 kg/ha; P2 O5:200 kg/ha; K2O:100 

Kg/ha 

d – storage duration 

 d1 – 90 days 

 d2 – 180 days 

 d3 – 270 days 

 The onions were stored at temperatures of 

1
o
C, 5

o
C and 10

o
C. Given the fact that the most cogent 

results were those obtained by the variants stored at 

1
o
C, they will be the only ones presented.  

 The appreciation of the quality was carried out 

by means of physical analyses (average weight, 

specific weight, exterior humidity, number of buds) 

and chemical analyses (soluble dry substance, soluble 

carbohydrates, titratable acidity, amount of vitamin C – 

ascorbic acid). 

 The methods for determining the biochemical 

components were the following: 

- the refractometric method, using the ABBE 

refractometer in order to determine the content of 

soluble dry substance; 

- the Bertrand titrimetric method, for the determination 

of the content of soluble carbohydrates; 

- the titrimetric method, for the determination of the 

titratable acidity; 

- the spectofotometric  method, for the determination 

of the ascorbic acid. 

During storage the hydro-thermal factors in the storage 

room were verified on a daily basis in order to ensure 

the respecting of the optimal conditions for the 

maintaining of the quality. Also, appreciations were 

made concerning the onions’ capacity to maintain their 

quality during storage, as well as the possible 

occurrence and development of various specific 

diseases. 

Upon removal from storage, the quantitative losses and 

qualitative alterations were determined by means of 

weighing the onion bulbs. 

 

Results 

 
The analysed physical indicators are presented in table 

1 in variants according to the cultivar.

 

 

Table 1 

The main physical indicators of onion cultivars according to the density and fertilisation variants 

 

Cultivar Sub-variant Average weight 

(g) 

Specific weight 

 

Exterior 

humidity 

(%) 

Average 

number of buds 

b1 a1c1 107.4 0.9305 1.9 2.9 

a2c1 89.6 0.9366 1.8 2.7 

a3c1 77.3 0.9456 1.7 2.7 

a1c2 109.6 0.9457 2.0 3.1 

a2c2 90.4 0.9318 2.1 3.0 

a3c2 80.7 0.9367 2.1 2.8 

Average 92,5 0.9378 1.93 2.85 

b2 a1c1 69.9 0.9783 1,5 1.3 

a2c1 66.5 0.9853 1.6 1.3 

a3c1 60.7 0.9765 1.5 1.4 

a1c2 70.3 0.9875 1.8 1.3 

a2c2 68.0 0.9835 1.6 1.3 

a3c2 67.5 0.9875 1.8 1.2 

Average 68.00 0.9835 1.65 1.31 

 

As far as the Androna cultivar is concerned, the weight 

of the bulbs varied according to the variant, ranging 

between 77.3 g (variant a3c1) and 109.6 g (variant 

a1c2). The Diamant cultivar also recorded different 

values as far as the weight was concerned: from 60.7 g 

(variant a3c1) to 70.3 g (variant a1c2). The average 

weight for the Androna cultivar was of 92.5 g, while 

for the Diamant cultivar it was of 68.0 g. Higher values 

were also recorded by the variant a1c1 (107.4 g). This 

physical indicator is not advantageous when it comes 

to bulbs so large because it creates a heterogeneity 

within the lot, this being an element which leads to the 

produce receiving less point for their quality. 

The specific weight of the bulbs also varied at the 

Androna cultivar between 0.9305 (variant a1c1) and 

0.9457 (variant a1c2), while at the Diamant cultivar it 

oscillated between 0.9765 (variant a3c1) and 0.9875 

(variant a3c2). 

The average values of the exterior humidity were of 

1.93% at Androna cultivar and 1.65% at Diamant 

cultivar, its bulbs being better covered, dried and with 

a lower exterior humidity. The beginning of the resting 

period, the drying after the harvesting and the normal 

development of the ripening phenophases are 

technological links which are extremely important for 

the subsequent maintaining of the bulbs’ quality. 
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 The number of buds is also an essential indicator of 

the maintaining of the bulbs’ storage capacity. The 

Diamant cultivar recorded a low number of buds (1.31) 

in comparison to the Androna cultivar (2.85). 

The analysis of the interaction between the cultivar and 

the plant density and its influence upon the average 

weight characteristics of the bulbs are presented in 

table 2. 

 

 

Table 2 

The influence of the interaction between the cultivar and the plant density  

upon the average weight of onion bulbs* 

  

Cultivar Crop density (thousand plants/ha) Average per 

cultivar 500 

(a1) 

660 

(a2) 

700 

(a3) 

Androna 107.4 a** 89.5 b 77.3 c 94.4 A 

Diamant 69.9 d 66.5 e 60.7 f 65.7 B 

Average per plant 

density 

88.65 M 70.0N 69.0 O  

*at the c1nutrition level 
** Within a letter group (A-B for the average per cultivar, M-O for the average per plant density and a-f for the interaction between crop density and 

cultivar) the values marked with the same letter do not present significant differenced at a level of 5% following the Duncan test. 

 

In the case of both cultivars it was noted that both the 

cultivar as well as the plant density have a significant 

influence upon the weight of the onion bulbs (within 

the same nutrition level - cl). The values of this 

indicator increase at both cultivars as the plant density 

decreases. Produce with a pleasant commercial aspect 

were obtained by both cultivars at a plant density of 

500,000 plants/ha, at the cl nutrition level. 

The analysis of the data in table 3 reveals the fact that 

the nutrition level did not significantly influence the 

average weight of the bulbs. The values of this 

indicator increase as the plant density decreases, from 

74.0 g to 108.5 g, which once again proves the 

importance of the factors cultivar and plant density 

upon the quality and the commercial aspect of the 

produce.

 

 

Table 3 

The influence of the interaction between the plant density and the nutrition level upon the average weight of the 

onion bulbs of the Androna cultivar 

 
Density 

plants/ha 

Nutrition level Average per density 

c1 c2 
a1=500,000 107.4 a* 109.6 a 108.5 A 
a2=600,000 89.5 b 90.5 b 90.0 B 
a3=700,000 77.3 c 70.7 d 74.0 C 
Average per nutrition level 91.4 M 90.27 M  

* Within a letter group (A-C for the average per density, M for the average per nutrition level and a-d for the interaction between density and 

nutrition level) the values marked with the same letter do not present significant differenced at a level of 5% following the Duncan test. 

 

 

Table 4 reveals the fact that the Androna cultivar is 

characterised by larger values of the contents of dry 

soluble substance (11.3%), soluble carbohydrates 

(8.29%) and titratable acidity (0.22%) in comparison to 

the Diamant cultivar (10.35%, 7.37% and 0.16%, 

respectively). However, the content of ascorbic acid is 

slightly more elevated at the Diamant cultivar (6.82 

mg/100 g) than it is at the Androna cultivar (6.46 

mg/100 g). 
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Table 4 

The main biochemical indicators for the onion cultivars, according to the density and fertilisation variants  

 
Cultivar Sub-variant Dry soluble 

substance 

(%) 

Soluble 

carbohydrates 

(%) 

Titratable 

acidity 

(malic acid) 

(%) 

Ascorbic acid 

(mg/100g) 

b1 a1c1 11.3 8.37 0.27 6.05 
a2c1 11.1 8.09 0.23 6.45 
a3c1 10.8 7.75 0.20 6.43 
a1c2 11.8 8.53 0.35 7.04 
a2c2 11.5 8.73 0.20 6.76 
a3c2 11.3 8.25 0.14 6.01 

Average  11.3 8.29 0.22 6.46 
b2 a1c1 10.3 7.39 0.18 7.30 

a2c1 10.2 6.97 0.14 7.05 
a3c1 9.5 5.87 0.18 7.11 
a1c2 10.7 8.11 0.16 7.40 
a2c2 10.4 7.38 0.16 6.83 
a3c2 10.5 7.85 0.11 6.11 

Average 10.35 7.37 0.16 6,82 

 
The cultivar proves to be a decisive factor in the 

obtaining of the quality of the onion, even in agro-

technical conditions which are differentiated according 

to nutrition and plant density. 

 The quantitative losses and the qualitative 

depreciation suffered by stored onions oscillated 

according to the storage duration, as it is revealed by 

data in table 5. 

 

Table 5 

The influence of the cultivar upon the onion’s storage capacity 

 
Cultivar Sub-variant Quantitative losses 

% 

Qualitative depreciations 

% 

Total losses 

% 

Storage duration (days) Storage duration (days) Storage duration (days) 

90 180 270 90 180 270 90 180 270 

b1 a1c1 6.3 10.4 13.0 4.8 6.9 7.6 11.1 17.3 20.6 

a2c1 6.1 10.3 12.5 4.3 6.5 7.3 10.4 16.8 19.8 

a3c1 6.5 10.9 12.4 3.9 6.9 10.1 10.4 16.1 22.5 

a1c2 5.3 11.0 12.4 6.0 6.7 8.3 11.3 17.7 20.7 

a2c2 6.4 11.2 12.5 6.5 7.0 9.1 12.9 18.2 21.6 

a3c2 5.9 11.6 12.3 6.8 7.2 8.6 12.7 18.8 20.9 

Average 6.08 10.76 12.51 5.38 6.72 8.50 11.47 17.48 21.01 

b2 a1c1 5.9 9.3 11.1 4.5 5.1 7.3 10.4 14.4 18.4 

a2c1 5.8 9.2 11.4 5.0 6.2 8.0 10.8 15.4 19.4 

a3c1 6.8 11.3 13.1 4.0 7.3 9.9 10.8 18.6 23.0 

a1c2 7.0 10.2 12.5 6.3 6.9 8.1 13.3 17.2 20.6 

a2c2 6.3 8.0 10.8 6.1 8.0 8.5 12.4 16.0 19.3 

a3c2 5.3 10.8 12.9 7.2 7.9 9.5 12.5 18.7 22.4 

Average 6.18 9.80 11.96 5.52 6.90 8.55 11.70 16.72 20.51 

  
 

At the Diamant cultivar (b2) the quantitative losses 

reached lower values during long term storage (9.8& 

after 180 days and 11.96% after 270 days) in 

comparison to the Androna cultivar (10.76% and 

12.51%, respectively). The qualitative depreciations 

had similar values at both cultivars as follows: 

Androna cultivar: 5.38% after 90 days, 6.72% after 180 

days and 8.50% after 270 days and Diamant cultivar 

5.52%, 6.90% and 8.55%, respectively.  
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 The influence of the plant density upon the 

level of losses: quantitative, qualitative and total 

(therefore upon the storage capacity) is presented in 

table 6. 

 

Table 6 

The influence of plant density upon the onion’s storage capacity 

 
Density Sub-

variant 

Quantitative losses 

% 

Qualitative depreciation % Total losses 

% 

Storage duration (days) Storage duration (days) Storage duration (days) 

90 180 270 90 180 270 90 180 270 

a1 b1c1 6.3 10.4 13.0 4.8 6.9 7.6 11.1 17.3 20,6 

b2c1 5.9 9.3 11.1 4.5 5.1 7.3 10.4 14.4 18.4 

b1c2 5.3 11.0 12.4 6.0 6.7 8.3 11.3 17.7 20.7 

b2c2 7.0 10.2 12.5 6.3 6.9 8.1 13.3 17.1 20.6 

Average 6.12 10.22 12.25 5.40 6.40 7.82 11.52 16.62 20.07 

a2 b1c1 6.1 10.3 12.5 4.3 6.5 7.3 10.4 16.8 19.8 

b2c1 5.8 9.2 11.4 5.0 6.2 8.0 10.8 15.4 19.4 

b1c2 6.4 11.2 12.5 6.4 7.0 9.1 12.9 18.2 21.6 

b2c2 6.3 8.0 10.8 6.1 8.0 8.5 12.4 16.0 19.3 

Average 6.15 9.67 11.80 5.47 6.92 8.22 11.62 16.60 20.02 

a3 b1c1 6.5 10.1 12.4 3.9 6.0 10.1 10.4 16.1 22.1 

b2c1 6.8 11.3 13.1 4.0 7.3 9.9 10.8 18.6 23.0 

b1c2 5.9 11.6 12.3 6.8 7.2 8.6 12.7 18.8 20.9 

b2c2 5.3 10.8 12.9 7.2 7.9 9.5 12.5 18.7 22.4 

Average 6.12 10.95 12.67 5.47 7.10 9.52 11.60 18.05 22.10 

 

The smallest quantitative losses were recorded by the 

a2 variant (600,000 plants/ha), being of 9.67% after 

180 days and 11.80% after 270 days, in comparison to 

the other 2 variants, the values of the losses being of 

10.22% (a1 variant) and 10.95% (a3 variant) after 180 

days. The qualitative depreciations which occur in the 

first 90 days of storage had similar values as far as the 

3 variants are concerned; the values began to increase 

after 180 days, up to 6.40% (a1 variant), 6.92% (a2 

variant) and 7.10% (a3 variant). 

 The influence of the nutrition level upon the 

losses which occur during storage is presented in table 

7. The latter reveals that fact that an abundant nutrition 

(c2 variant) especially influences the qualitative 

depreciations during the first 90 days of storage, the 

value being of 6.48% in comparison to the c1 variant 

(4.41%).

Table 7 

The influence of the nutrition regime upon the onion’s storage capacity 

 
Cultivar Sub-

variant 

Quantitative losses 

% 

Qualitative depreciations 

% 

Total losses 

% 

Storage duration (days) Storage duration (days) Storage duration (days) 

90 180 270 90 180 270 90 180 270 

c1 a1b1 6.3 10.4 13.0 4.8 6.9 7.6 11.2 17.3 20.6 

a1b2 5.9 9.3 11.1 4.5 5.1 7.3 10.4 14.4 18.4 

a2b1 6.1 10.3 12.5 4.3 6.5 7.3 10.4 16.8 19.8 

a2b2 5.8 9.2 11.4 5.0 6.2 8.0 10.8 15.4 19.4 

a3b1 6.5 10.1 12.4 3.9 6.0 10.1 10,4 16.1 22.1 

a3b2 6.8 11.3 13.1 4.0 7.3 9.9 10.8 18.6 23.0 

Average 6.23 10.10 12.25 4.41 6.33 8.36 10.65 16.43 20.55 

c2 a1b1 5.3 11.0 12,4 6.0 6.7 8.3 11.3 17.7 20.7 

a1b2 7.0 10.2 12.5 6.3 6.9 8.1 13.3 17.1 20.6 

a2b1 6.4 11.2 12.5 6.5 7.0 9.1 12.9 18.2 21.6 

a2b2 6.3 8.0 10.8 6.1 8.0 8.5 12.4 16.0 19.3 

a3b1 5.9 11.6 12.3 6.8 7.2 8.6 12.7 18.8 20.9 

a3b2 5.3 10.8 12.9 7.2 7.9 9.5 12.5 18.7 22.4 

Average 6.03 10.47 12.23 6.48 7.29 8.68 12.51 17.75 20.91 
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During storage depreciations such as the softening of 

the bulbs caused by field infections or the springing 

become evident at the sub-variants from the inferior 

nutrition level (c1variant) as well; after 270 days of 

storage the recorded values were similar for the 2 

variants: 8.36% (c1variant) and 8.68% (c2 variant). 

 
Conclusions 

 
 The agro-technical crop conditions influence 

the technical quality characteristics as well as the 

storage capacity to the onion as follows: 

- the cultivar is a limitative factor for the physical and 

chemical quality parameters; 

- the plantdensity influenced the values of the 

qualitative indicators as far as the bulbs from both the 

cultivars are concerned: the average weight of the 

bulbs decreased as the density increased and the 

biochemical indicators recorded better values in the 

case of a medium density. Moreover, the smallest 

quantitative losses during long term storage were 

recorded by the onions in the variant with 600,000 

plants/ha; 

- the abundant nutrition level negatively influences the 

values of the depreciations during storage, which are 

higher in comparison to a more reduced nutrition level. 

The onions destined for long term storage must benefit 

from the application of specific agro-technical 

measures which ensure a better storage capacity. 

As far as specialised onion crops concerned, whose 

production is destined for storage, the cultivation of 

specialised cultivars is recommended to be carried out 

in moderate densities (600,000 plants/ha) and with a 

moderate nutrition level. 
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