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ABSTRACT 
Acetate acts as one of the most important intermediates in cellular metabolism. To evaluate the role of acetate sources 

in salinity stress, strawberry transplants treated with different acetate sources including ammonium acetate and acetic 

acid (1 mM) and ammonium carbonate (0.5 mM) in two saline stress (40 mM NaCl) and no- stress conditions. 

Salinity stress reduced biomass in strawberry, but the least change in biomass was observed in acetate treatments. The 

highest leaf water content was observed in acetic acid and control treatments under salinity stress. Salinity caused a 

change in vitamin C content of the fruit, and the highest contents were observed in acetic acid treatment and the 

lowest salinity stress alone (86.33 and 42.50 mg/100 g FW, respectively). The highest yield per plant was in acetic 

acid treatment and the lowest in ammonium carbonate and salinity treatments alone. Potassium to sodium ratios was 

higher in plants treated different sources of acetate compared to other treatments without acetate application Overall, 

acetate, especially acetic acid treatment at 1 mM, can improve tolerance to salinity stress conditions in plants. On the 

other hand, the lower reduction of yield in salinity stress conditions is another positive feature of this treatment. 

Therefore, it can be considered as one of the cheapest and simplest compounds to increase stress tolerance, especially 

in salinity stress conditions in strawberries. 
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Table 2. Results of variance analysis effect of different sources of acetate and ammonium carbonate and salinity stress on 

morpho-physiological characteristics of strawberry. 
Means of squares 

Source of variation 
SPAD 

Biomass 
(root and shoot dry weight) 

Electrolyte leakage 

34.85 ns 69.36 ** 474.79* Acetate 
3.25 ns 5.49* 154.68* Salinity 

24.30 ns 33.94ns 115.78ns Acetate × Salinity 

38.0 36.3 23.9 C.V (%) 

 � * �**ns�&M" '��\- u!- - B� :  L�	��$ �Y( �� �$�1  �5 �&M" '��\- �)*1 � <G��  .�$�  
**, *, ns: Significantly difference at 1 and 5% of probability level, and non-significantly difference, respectively.  

  

 L�<@3.  A!01�!" B=>��"'�&� ? I)!1)"T � '��($ ^C�_" %��&"  #$/�)
 .&- �  � '�&� ? I)!1)"T � '��($ ^C�_" %��&" +����"  #$ �

  � /�)
 .&->��JV')- �:>[)S)>K!�)��)" /�8�01 �. 

Table 3. Mean comparison effect of different sources of acetate and ammonium carbonate, salinity stress and interaction 
effect of different sources of acetate and ammonium carbonate and salinity stress on morpho-physiological characteristics of 

strawberry. 

SPAD 
Biomass 

(root and shoot dry weight) 
(g) 

Electrolyte leakage 
(%) Treatment 

53.65 a 17.18 a 31.78 ab Control 
49.80 a 7.78 bc 50.93 a Salinity (40 mM) 
53.75 a 16.67 a 20.40 b Acetic acid (1 mM) 
50.20 a 12.75 ab 32.62 ab Acetic acid (1mM) + salinity (40 mM) 
47.80 a 11.57 abc 39.93 ab Ammonium acetate (1 mM) 
50.03 a 14.12 ab 43.30 ab Ammonium acetate (1 mM) + salinity (40 mM) 
63.90 a 16.49 a 36.51 ab Ammonium carbonate (0.5 mM) 
48.27 a 4.74 c 49.49 a Ammonium carbonate (0.5 mM) + salinity (40 mM) 

A!01�!" H)�(  8 ��  L�	��$ �Y( �� �<1�$� B���" w � O> +3$<� B? �>�85 �&M" '��\- <G�� .<1�$<1 �$�  

In each column, the means with a common letter are not significantly difference at 5% probability level. 
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 L�<@4 . }>��1 '�&� ? I)!1)"T � '��($ ^C�_" %��&"  #$ s1�>�$� B>KX- /�)
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Table 4. Result of variance analysis effect of different sources of acetate and ammonium carbonate and salinity on 

strawberry fruit antioxidant and flavor charactristics. 
Means of squares 

Source of variation 
Anthocyanin Ascorbic acid 

Titratable Acidity 

(TA)  

Total soluble solids 

TSS  

589.61** 303.45 * 21.90 ** 22.74** Acetate 

462.34 * 212.16 ** 11.38 ns 18.07 ns Salinity 
700.21 ** 345.85** 19.43 ** 17.18 * Acetate × Salinity 

25.21 16.23 25.00 14.00 C. V. (%) 

 � * �**ns : '��\- u!- - B��&M"  L�	��$ �Y( �� �$�1  �5  � <G��'��\- �)*1 �&M"  .�$�  
**, *, ns: Significantly differences at 1 and 5% of probability levels, and non-significantly difference, respectively.  
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Table 5. Mean comparison effect of different sources of acetate and ammonium carbonate and salinity stress and 

interaction effect of different sources of acetate and ammonium carbonate and salinity stress on strawberry fruit 

antioxidant and falvor characteristics. 
Anthocyanin 

(mg/100 g FW) 
Ascorbic acid 

(mg/ 100 g FW) 
Titratable Acidity 

(TA) (%) 
Total soluble solids 

TSS (Brix) Treatment 

45.25 bc 53.66 bc 3.13 a 5.76 b* Control 

27.56 c 42.50 bc 2.43 ab 5.60 b Salinity (40 mM) 
32.94 c 37.00 c 3.06 a 6.90 a Acetic acid (1 mM) 

33.99 c 86.33 a 2.13 ab 5.67 b Acetic acid (1mM) + salinity (40 mM) 

69.47 a 68.66 ab 2.06 b 5.63 b Ammonium acetate (1 mM) 
30.82 c 62.50 abc 2.27 ab 5.76 b Ammonium acetate (1 mM) + salinity (40 mM) 

74.37 a 18.50 d 2.43 ab 6.70 a Ammonium carbonate (0.5 mM) 

40.22 bc 79.00 ab 2.78 ab 3.9 c Ammonium carbonate (0.5 mM) + salinity (40 mM) 

A!01�!" H)�(  8 ��  B���" w � O> +3$<� B? �>�8 L�	��$ �Y( �� �<1�$�5 '��\- <G�� �&M" <1�$<1 �$�.  

In each column, the means with a common letter are not significantly difference at 5% probability level. 
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Table 7. Result of variance analysis effect of different sources of acetate and ammonium carbonate and salinity stress on 
strawberry fruit charactristics.  

Means of squares 
Source of variation 

Flowers per plant Number of  inflorescences Yield per plant per month  Achene number 
10.6 * 3.6 * 4426.0 * 9383.6* Acetate 
2.84 ns 2.1* 1040.5* 8021.7 * Salinity 
8.11 ns 3.0** 480.9ns 9540.8 ** Acetate × Salinity 
35.6 19.8 24.1 47.3 C.V. (%) 

 � * �**ns : '��\- u!- - B��&M"  L�	��$ �Y( �� �$�1  �5  � <G��'��\- �)*1 �&M"  .�$�  
**, *, ns: Significantly difference at 1 and 5% of probability level, and non-significantly difference, respectively.  
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Table 8. Mean comparison effect of different sources of acetate and ammonium carbonate and salinity stress and 
interaction effect of different sources of acetate and ammonium carbonate and salinity stress on strawberry fruit 

characteristics. 
Flowers  
per plant 

Number of  
inflorescences 

Yield per plant 
per month (g) Achene number Treatment 

31.0 b 9.50 ab 57.62 a 363.55 ab* Control 
14.6 de 4.0 d 13.92 c 200.00 c Salinity (40 mM) 
41.6 a 10.50 a 57.81 a 381.00 a Acetic acid (1 mM) 
21.0 cd 6.9 bcd 25.56 b 376.66 a Acetic acid (1mM) + salinity (40 mM) 
24.5 bc 7.5 cd 55.00 a 344.66 ab Ammonium acetate (1 mM) 
24.0 cd 5.2 abc 33.45 b 297.55 b Ammonium acetate (1 mM) + salinity (40 mM) 
23.0 cd 5.6 bcd 58.32 a 343.11 ab Ammonium carbonate (0.5 mM) 
9.5 e 4.7 bcd 15.02 c 331.10 ab Ammonium carbonate (0.5 mM) + salinity (40 mM) 

A!01�!" H)�(  8 ��  L�	��$ �Y( �� �<1�$� B���" w � O> +3$<� B? �>�85 �&M" '��\- <G�� <1�$<1 �$�.  
In each column, the means with a common letter are not significantly difference at 5% probability level.  
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Table 9. Result of variance analysis effect of different sources of acetate and ammonium carbonate and salinity stress 

on mineral concentration of strawberry leaf. 

Means of squares 
Source of variation 

Ca  Mg  K+/Na+ 

2.90 * 1.13 ** 0.819 * Acetate 
1.42 ** 1.17 ns 0.546* Salinity 

3.25 * 2.18 * 1.23** Acetate × Salinity 

34.5 45.2 25.00 C.V. (%) 

 � * �**ns : '��\- u!- - B��&M"  L�	��$ �Y( �� �$�1  �5  � <G��'��\- �)*1 �&M"  .�$�  

**, *, ns: Significantly difference at 1 and 5% of probability level, and non-significantly difference, respectively.  
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Table 10. Mean comparison effect of different sources of acetate and ammonium carbonate and salinity stress and 

interaction effect of different sources of acetate and ammonium carbonate and salinity stress on mineral concentration 

of strawberry leaf. 

Ca (%) Mg (%) K+/Na+ Treatment 
2.00 a 0.831 ab 12.33 a* Control 

0.69 c 0.818 b 1.48 b Salinity (40 mM) 

2.07 a 0.854 a 14.11 a Acetic acid (1 mM) 

0.79 c 0.837 ab 2.10 b Acetic acid (1mM) + salinity (40 mM) 

2.20 a 0.855 a 9.27 a Ammonium acetate (1 mM) 

0.90 b 0.820 ab 2.11 b Ammonium acetate (1 mM) + salinity (40 mM) 

1.36 b 0.825 ab 9.93 a Ammonium carbonate (0.5 mM) 

0.71 c 0.829 ab 0.99 b Ammonium carbonate (0.5 mM) + salinity (40 mM) 

A!01�!" H)�(  8 �� w � O> +3$<� B? �>�8  L�	��$ �Y( �� �<1�$� B���"5 �&M" '��\- <G��  .<1�$<1 �$�  

In each column, the means with a common letter are not significantly difference at 5% probability level. 
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