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Abstract9 

The experiment was carried out in a private refrigerated warehouse to study the effect of some 

nutrients, salicylic acid spray on the storage ability of strawberry fruits. The study included three 

factors, the first was two strawberry cultivars (Albion, Camarosa), the second factor included five 

treatments of nutrient solutions (control, the spray of nano-iron at 10, 20 mgL
-1

, riboflavin at 100, 

and 200 mgL
-1

), whereas the third factor is the spray of salicylic acid at three concentrations (0, 100, 

and 200 mgL
-1

). Ripen fruits were taken from the previous treatments and stored in plastic boxes for 

10 days at a temperature of 0±1°C and 90-95% relative humidity. An evaluation of the studied 

characteristics was conducted 10 days after the start of storage. The experiment was lay out as A 

factorial experiment according to a C.R.D design with three factors and three replications. The 

results were analyzed using the statistical program SAS (2003) and the means were compared 

according to Duncan’s Multiple range test at 0.05 level. The experimental results can be summarized 

as follows: 

The Camarosa variety was significantly superior in preserving stored fruits by giving the lowest 

percentage of damage, weight loss, and the lowest changes in TSS compared to the Albion variety. 

Riboflavin spray at 200 mgL
-1

 gave the lowest percentage of fruit damage, weight loss, and the 

highest TSS content, whereas this treatment gave the lowest amount of changes in total acidity 

compared with untreated one. Salicylic acid spray at 200 mgL
-1

 was significantly superior in giving 

the lowest percentage of fruits damage in stored fruits, the least weight loss, and the highest 

percentage of TSS. 

Keywords9 strawberries. Riboflavin, nano-iron, salicylic acid, cold storage 

Introduction9 

Strawberry (Fragaria ananassa Duch) is one 

of the most important fruit plants with small 

fruits that are widespread in the world. The 

genus Fragaria includes about 45 species (1). 

Strawberry plants grow in wide environmental 

conditions due to the plant's ability to grow in 

different climatic and environmental 

conditions. Strawberry cultivation is 

widespread in more than 76 countries, and 
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global production amounts to about 8.9 

million tons annually,  (2) As for Iraq, 

strawberry production was estimated 

according to the statistics of the Central (3) 

4.6668 tons. ha
-1

. The use of nano-fertilizers is 

one of the latest agricultural practices that 

have been proven to be effective in the field of 

agriculture (4) Nanoparticles work to enhance 

the absorption of nutrients with high 

efficiency due to the free passage of nano-

sized pores and through carriers. It leads to 

increased absorption of nutrients inside the 

plant. Nanoparticles may pass through 

cytoplasmic bonds, which leads to effective 

delivery of nutrients. Nanofertilizers can 

achieve the fastest response of the plant, 

especially with the problems present in the 

soil, such as high pH, fixation of nutrients in 

ways that are not ready for the plant, and lack 

of efficient root growth (5). Iraqi soils suffer 

from a lack of availability of some nutrients, 

including iron, which is a low-mobility 

element within the plant and is absorbed in the 

form of Fe
+3

. It is an intermediate in the 

formation of chlorophyll. It is also involved in 

the synthesis of cytochrome and is related to 

the formation of some enzymes such as the 

peroxidase enzyme (6) Riboflavin (vitamin B-

2), is one of the important B complex vitamins 

that is involved in photosynthesis and 

participates in the transfer of electrons 

(oxidation and reduction processes), the 

activation of photosynthesis, and the 

formation of natural auxins that stimulate 

growth within the plant )7(. Salicylic acid is 

one of the plant hormones of a phenolic 

nature. It affects the growth, flowering of 

plants, and the absorption of ions. It works to 

accelerate the formation of chlorophyll and 

carotene pigments )8(, regulate stomata 

opening, accelerate the process of 

photosynthesis, increase the activity of a group 

of important enzymes, and provide systemic 

immunity against pathogens )9(In addition, it 

plays an important role in regulating the 

response of plants to environmental stress 

conditions (10) Strawberry fruits are soft fruits 

that lose their hardness during marketing and 

storage, which leads to mechanical damage 

resulting in an increase in fungal infections. 

The reason for the loss of hardness in the fruits 

is due to the disintegration of the cell wall and 

the dissolution of the middle lamina, as the 

process of pectin decomposition represents a 

major control point for this process) 11), so 

maintaining the quality specifications of 

strawberry fruits is an important matter that 

must be taken into consideration. Strawberries 

are also considered one of the most susceptible 

to damage and rapid deterioration if we do not 

get rid of the heat of the field quickly in a 

cool, well-ventilated, shaded place )12( Based 

on the above and the lack of studies related to 
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the effects of the previous factors, this study 

aimed to: 

Study the response of two strawberry cultivars 

fruit to some chemical treatments and their 

effects on the shelf life of the fruits. 

Materials and Methods9 

Strawberry fruits from two varieties 

(Camarosa  and Albion) were taken from 

plants Cultivated in the general nursery of 

Baqubah, affiliated with the Diyala 

Agriculture Directorate  treated with nutrient 

solutions of iron Nano-iron at 10 mgL
-1

, 20 

mgL
-1

, Riboflavin (Vitamin B2) at 100 mgL
-1

, 

and 200 mgL
-1

 and control), and sprayed with 

salicylic acid at 0, 100, 200mgL
-1

.  The fruits 

were harvested when reached ½ - ¾ red color 

stage and TSS reached 7% . )12( Fruits that 

were homogeneous in size and color and free 

of pathogens and mechanical damage were 

selected from each experimental unit. The 

harvested fruits were packed in plastic 

containers with a perforated capacity of ½ kg. 

The containers were divided into two groups. 

The first was left to calculate weight loss until 

the end of the experiment, and the second 

group was to measure the characteristics of the 

fruits after storage. The fruits were stored at 0 

± 1°C. The relative humidity ranged between 

95-90%, and an evaluation of the studied 

characteristics was conducted 10 days after the 

start of storage. The fruits of both varieties 

were stored on 2/20/2021 until 2/30/2021. 

Studied attributes: 

1. weight loss percent 

2. Damaged fruits(%) 

3. TSS(%) 

4. Titrable acidity(TA) percent.  

A factorial experiment was carried out 

according to a C.R.D design with three factors 

and three replications and two containers per 

experimental unit. Data were analyzed 

according to SAS program (2003), and the 

averages were compared according to 

Duncan's multiple range test 0.05 level ) 13( 
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Table 1: Initial measurements of the studied traits taken from the main parameters of the field 

experiment. 

 variety  TSS Acidity 

1 Albion 92.77 82.06 

. Camarosa 92397 82.77 

 Nutrients (mg L
-1

)  

1 Untreated fruits(0) 92802 8279. 

. Nano iron  at 10 mgL
-1 

92374 82716 

3 Nano iron  at 20 mgL
-1

 92901 82.97 

7 Riboflavin at 100 mgL
-1

 92172 82.35 

. Riboflavin at 200 mgL
-1

 92337 82.32 

 Salicylic acid (mg L
-1

)  

1 Untreated(0) 92379 82.07 

. Salicylic acid at 100 mgL
-1 

92336 82.07 

3 Salicylic acid at 200 mgL
-1

 923. 82.09 

 

Results and discussion9 

Results in Tables 2, 3, and 5 show no 

significant differences between both varieties 

after 10 days of storage in studied 

characteristics. It is noted that the Camarosa 

variety was significantly superior in giving the 

lowest percentage of damage to the fruits, 

amounting to (10.54), and the smallest amount 

of change in the total acidity of the fruit with 

the storage method, amounting to (0.465).  

compared with the Albion variety, which gave 

the highest percentage of fruit damage, 

reaching (11.76) and the highest amount of 

change in acidity, amounting to (0.495), while 

there were no significant differences between 

the two strawberry varieties in the amount of 

weight loss percentage and the percentage of 

total dissolved solids. Improving post-harvest 

quality is considered an important need and 

requirement for successful and modern 

agriculture. Choosing varieties that are most 

capable of being stored and extending the 

shelf life of fruits are good and important 

qualities. The main reason for the difference 

between varieties in ability to store is due to 

genetic differences that work to reduce the 

activity of decomposition enzymes and aging 

in the fruits.) 14( and this is consistent with 

the findings of )15( . 

It is noted from the same tables mentioned 

previously that the spraying treatment with 

riboflavin at a concentration of 200 mg L-1 is 

superior in preserving the fruits by giving the 

least amount of damage to the fruits (8.912)%, 

the lowest percentage of weight loss (7.544)%, 

and the highest percentage of total dissolved 

solids in the fruits (6.547)%. The smallest 

amount of change in total acidity is (0.456)% 
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compared to the rest of the nutrient 

parameters. The reason for this is due to the 

ability of riboflavin to prevent the growth of 

microorganisms and microbes by enhancing 

the autoimmunity of the fruits, as it is 

considered a natural antioxidant Powers )16( 

thus reducing the percentage of total damage 

and preventing high fluctuation. By weight 

after storage, it protects the internal contents 

of the fruit from rapid transformation, through 

its effect in preventing or inhibiting the 

production of ethylene and inhibiting the 

process of oxidation of fats within the cell 

membrane, thus delaying aging and preserving 

the fruits. This is consistent with what )17( 

mentioned. The results presented in Tables, 2, 

3, and 5 also showed that the spray treatment 

with salicylic acid at a concentration of 200 

mg L-1 was significantly superior in 

preserving stored strawberry fruits by giving 

the lowest percentage of damage to the fruits, 

amounting to (9.86) and the lowest percentage 

of weight loss, amounting to (8.047). The 

smallest amount of change in total soluble 

solids was (6.489), while there were no 

significant differences in the percentage of 

total acidity in the fruits after storage. 

Spraying salicylic acid had a clear effect in 

increasing the shelf life of stored fruits 

through the results presented in the 

aforementioned tables. The reason is that it is 

a natural plant hormone that works to provide 

the plant with acquired internal immunity that 

prevents the production of ethylene and thus 

delays aging. It also works to improve 

resistance against various pathogens and thus 

prevents biological damage to the fruits. )18( 

by activating the self-defense and antioxidant 

response. and )19) It also works to prevent cell 

wall decomposition and increase the activity 

of youth enzymes and hormones that work to 

prolong the life of fruits after harvest and 

delay the ripening of unpicked fruits, and this 

is consistent with what was found by )20( and 

)21( and )22( 

The results of the aforementioned tables also 

showed that there were significant effects of 

the two-way interaction and the three-way 

interaction between the treatments on all the 

traits measured in the experiment. 
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Means with the same letter didn
’
t differ significantly  according to Duncan

’
s multiple ranges test at 0.05 level 

 

Table  2: Effect of spraying with some nutrients and salicylic acid on damaged fruits (%) of two 

strawberry cultivars. 

cultivar X 

 tueirtu 

noituiot 

Salicylic acid (mg L
-1

)  tueirtu 

noituiot 

(mg L
-1

) 

cultivars 

S3 S2 S1 

01.21 

cd 

8.462 

e-h 

8.701 

e-h 

00.41 

b-g 

Z1 

 

A1 

 

01.66 

ab 

00.32 

b-g 

01.37 

b-g 

03.28 

b 

Z2 

 

03.26 

a 

00.62 

b-g 

02.71 

b-d 

06.42 

a 

Z3 

 

01.32 

ab 
00.62 

01.52 

b-f 

01.82 

b-e 

Z4 

 

7.826 

d 

6.722 

h 

8.211 

f-h 

8.562 

e-h 

Z5 

 

00.46 

bc 

01.27 

d-h 

00.42 

b-g 

01.67 

b-f 

Z1 

 

 

A2 

 

 

01.46 

ab 

00.32 

b-g 

01.22 

b-g 

02.81 

bc 

Z2 

 

01.81 

bc 

8.211 

f-h 

01.47 

c-h 

01.81 

b-e 

Z3 

 

7.666 

d 

6.256 

h 

8.266 

f-h 

8.472 

e-h 

Z4 

 

7.779 

d 

6.711 

h 

8.011 

gh 

8.656 

e-h 

Z5 

 

Cultivars  

00.65 

A 

01.37 

bc 

00.51 

ab 

02.10 

a 
A1 Cultivars  

X 

Salicylic acid 
01.44 

B 

8.14 

c 

01.47 

bc 

00.67 

ab 
A2 

 tueirtu noituiot 

01.83 

B 

8.861 

c-f 

01.56 

c-e 

01.05 

b-d 

Z1 

 

ueirtun n 

X 

Salicylic acid 

01.57 

A 

00.34 

c-e 

01.31 

bc 

03.05 

ab 

Z2 

 

01.54 

A 

01.42 

c-e 

01.07 

b-d 

04.12 

a 

Z3 

 

01.51 

B 

8.441 

d-f 

00.11 

c-e 

00.16 

c-e 

Z4 

 

7.801 

C 

6.706 

f 

8.111 

ef 

8.611 

c-f 

Z5 

 

 
8.75 

C 

00.18 

B 

01.50 

A 
Salicylic acid 
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Table 2: Effect of spraying with some nutrients and salicylic acid on two strawberry cultivars 

fruits weight loss(%). 

cultivar X 

 tueirtu 

noituiot 

Salicylic acid (mg L
-1

) 
 tueirtu 

noituiot 

(mg L
-1

) 

cultivars 

S3 S2 S1 

00.49 

a 

7.622 

c-g 

01.37 

ab 

02.47 

ab 

Z1 

 

A1 

 

01.48 

ab 

7.311 

d-g 

01.61 

a-e 

01.52 

ab 

Z2 

 

01.29 

ab 

7.411 

d-g 

01.77 

a-e 

00.71 

a-c 

Z3 

 

7.333 

bc 

6.111 

f-i 

6.711 

e-h 

01.22 

b-f 

Z4 

 

7.522 

bc 

6.211 

f-i 

6.822 

e-g 

01.57 

a-e 

Z5 

 

01.37 

a 

01.62 

a-e 

01.71 

ab 

02.77 

a 

Z1 

 

 

A2 

 

 

01.18 

a 

00.32 

a-d 

00.67 

a-c 

02.12 

ab 

Z2 

 

00.11 

a 

7.711 

c-g 

00.51 

a-d 

02.11 

ab 

Z3 

 

5.811 

c 

3.622 

hi 

6.222 

f-i 

7.522 

c-g 

Z4 

 

5.345 

c 

3.522 

i 

5.311 

g-i 

7.222 

d-g 

Z5 

 

Cultivars  

8.817 

A 

7.117 

b 

8.842 

ab 

00.71 

a 
A1 

Cultivars  

X 

Salicylic 

acid 

8.711 

A 

7.157 

b 

8.871 

ab 

00.30 

a 
A2 

 tueirtu noituiot 

01.13 

A 

8.622 

c-e 

01.52 

ab 

02.62 

a 

Z1 

 

utrientsN 

X 

Salicylic acid 

00.23 

AB 

8.806 

cd 

00.12 

bc 

01.72 

ab 

Z2 

 

01.68 

B 

7.541 

d-f 

00.12 

bc 

01.41 

ab 

Z3 

 

6.561 

C 

4.856 

g 

6.456 

e-g 

8.372 

c-e 

Z4 

 

6.434 

C 

4.856 

g 

6.056 

fg 

8.411 

c-e 

Z5 

 

 
7.137 

C 

8.857 

B 

00.51 

A 
Salicylic acid 

 
Means with the same letter didn

’
t differ significantly  according to Duncan

’
s multiple ranges test at 

0.05 level 
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Table 3: Effect of spraying with some nutrients and salicylic acid on the TSS (%) of two 

strawberry cultivars fruit juice 

cultivar X 

 tueirtu 

noituiot 

Salicylic acid (mg L
-1

) 
 tueirtu 

noituiot 

(mg L
-1

) 

cultivars 

S3 S2 S1 

5.026 

bc 

5.372 

a-d 

5.171 

a-d 

4.732 

c-e 

Z1 

 

A1 

 

4.876 

c 

5.141 

a-c 

5.012 

a-d 

4.712 

de 

Z2 

 

5.341 

ab 

5.447 

a-d 

5.372 

a-d 

5.207 

a-d 

Z3 

 

5.507 

a 

5.672 

a 

5.527 

a-c 

5.321 

a-d 

Z4 

 

5.377 

ab 

5.617 

ab 

5.317 

a-d 

5.217 

a-d 

Z5 

 

5.087 

a-c 

5.382 

a-d 

5.167 

a-d 

4.711 

c-e 

Z1 

 

 

A2 

 

 

4.230 

d 

4.867 

a-e 

4.162 

ef 

3.662 

f 

Z2 

 

5.117 

a-c 

5.421 

a-d 

5.101 

a-d 

4.831 

b-e 

Z3 

 

5.411 

ab 

5.461 

a-d 

5.431 

a-d 

5.347 

a-d 

Z4 

 

5.518 

a 

5.611 

ab 

5.511 

a-d 

5.412 

a-d 

Z5 

 

Cultivars  

5.224 

A 

5.411 

a 

5.231 

a 

5.033 

ab 
A1 

Cultivars 

X 

Salicylic 

acid 

5.069 

A 

5.347 

a 

5.071 

ab 

4.7876 

b 
A2 

 tueirtu noituiot 

5.055 

B 

5.377 

a-c 

5.067 

a-e 

4.722 

de 

Z1 

 

tueirtun  

X 

Salicylic acid 

4.552 

C 

5.102 

c-e 

4.577 

ef 

4.177 

f 

Z2 

 

5.228 

AB 

5.432 

ab 

5.237 

a-d 

5.017 

b-e 

Z3 

 

5.458 

A 

5.567 

ab 

5.477 

ab 

5.332 

a-c 

Z4 

 

5.436 

A 

5.612 

a 

5.412 

ab 

5.304 

a-c 

Z5 

 

 
5.378 

A 

5.150 

B 

5.110 

C 
Salicylic acid 
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Table 4: Effect of spraying with some nutrients and salicylic acid spray on the Titrable acidity 

(TA)(%) of two strawberry cultivars fruit juice 

cultivar X 

 tueirtu 

noituiot 

Salicylic acid (mg L
-1

)  tueirtu 

noituiot 

(mg L
-1

) 

cultivars 

S3 S2 S1 

1.371 

b-e 

1.375 

b-e 

1.364 

b-e 

1.371 

b-e 

Z1 

 

A1 

 

1.441 

a 

1.461 

ab 

1.439 

a-c 

1.418 

a-d 

Z2 

 

1.418 

a-c 

1.412 

b-e 

1.380 

b-e 

1.424 

a-d 

Z3 

 

1.367 

b-e 

1.374 

b-e 

1.362 

b-e 

1.365 

b-e 

Z4 

 

1.345 

c-e 

1.362 

b-e 

1.340 

b-e 

1.340 

b-e 

Z5 

 

1.415 

ab 

1.521 

a 

1.371 

b-e 

1.351 

b-e 

Z1 

 

 

A2 

 

 

1.381 

a-d 

1.414 

b-e 

1.371 

b-e 

1.374 

b-e 

Z2 

 

1.306 

e 

1.314 

c-e 

1.282 

e 

1.318 

c-e 

Z3 

 

1.327 

de 

1.337 

b-e 

1.334 

b-e 

1.306 

de 

Z4 

 

1.347 

c-e 

1.357 

b-e 

1.335 

b-e 

1.344 

b-e 

Z5 

 

Cultivars  

1.385 

A 

1.412 

a 

1.378 

a 

1.383 

a 
A1 Cultivars 

X 

Salicylic 

acid 
1.355 

B 

1.386 

a 

1.338 

a 

1.350 

a 
A2 

 tueirtu noituiot 

1.413 

AB 

1.448 

a 

1.368 

a-c 

1.360 

a-c 

Z1 

 

tueirtun  

X 

Salicylic acid 

1.411 

A 

1.427 

ab 

1.406 

a-c 

1.416 

a-c 

Z2 

 

1.353 

BC 

1.354 

bc 

1.331 

c 

1.371 

a-c 

Z3 

 

1.346 

BC 

1.357 

bc 

1.348 

bc 

1.337 

bc 

Z4 

 

1.346 

C 

1.361 

a-c 

1.339 

bc 

1.339 

bc 

Z5 

 

 
1.388 

A 

1.359 

A 

1.360 

A 
Salicylic acid 
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