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ABSTRACT 

 
As polyamines are implicated in cell division, metabolism and senescence processes, they can be applied to 
influence fruit development process. With the aim of evaluating the polyamine induced changes in fruit qualities of 
apricot, Pronusarmeniaca, the current research was conducted on the basis of completely randomized block design. 
Apricot trees (Pronusarmeniaca) were treated with four different concentrations (0, 10, 20 and 30 mM) of various 
polyamines (putresin, spermin or spermidine) in ten different treatment groups. Stems were sprayed by the 
mentioned polyamines two times at two different flowering stages. The application of different kinds of polyamines 
especially spermine and spermidine resulted in the increased total soluble solid contents in fruit tissues. Putresin was 
the most effective treatment on fruit diameter and length in comparison to two other polyamines. The application of 
putresin and spermidine led to the elevated pH of fruit juice. The improved fruit firmness and fresh weight resulted 
from the exogenously applied polyamine treatments which reflected the alleviated senescence process. The 
promoted various polyamine contents in fruit tissues were observed in polyamine treated samples. The application 
of different used polyamines had enhancing effects on the fruit set. The obtained results from the present research 
indicated that the fruit quality of apricot tree affected by the applied polyamines. According to our results it could be 
stated that the application of various kinds of polyamines including putresin, spermin and spermidine could 
influence fruit set, quality and senescence which is an important factor in the related trade and industry. 
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Abbreviations  
FWD-  Fruit wide diameter; FTD- Fruit thin diameter; FL- Fruit length; FF- Fruit firmness; FW- Fruit weight; 
TSS- Total soluble solid; PA- polyamine; Put- putresin; Spd- spermidine; Spm- spermine. 
 

1. INTRODUCTION 
 

Apricot (Prunusarmeniaca L.) is known as a universal important tree [1, 2]. In regard to the high competition 
in the market, fruit quality (the combination of the physical and chemical characteristics) is a critical factor for 
accepting apricot fruit byconsumers.As fruit quality could be affected by the exogenously applied plant growth 
regulators, the determination of suitable treatments for promoting the fruit quality are of important.  

Polyamines (PAs) are organic metabolite with two or more aminic groups which act as polycations[3].It is well 
documented that the main plant polyamines (the diamineputrescine (Put), triaminespermidine (Spd) and 
tetraminespermine (Spm))are implicated in a wide different aspects of plant processes related to the growth and 
development, including cell division, senescence, embryogenesis, development of reproductive organs, floral 
initiation and development, fruit development and ripening as well as responses to the stress conditions [4, 5, 6, 7, 
8]. As polyamines are involved in cell division, they can be applied toinfluence fruit development process [8].   

As polyamines are involved in floral initiation and development, with the aim of evaluating the induced 
changes caused by the application of different concentrations of various polyamines and obtaining the most effective 
polyamine treatments, the present research was conducted to introduce effective treatments to improve the fruit 
quality of apricot tree (Prunusarmeniaca L.). 

 
MATERIAL AND METHODS 

 
The seven year old apricot (Pronusarmeniaca) trees were treated with four different concentrations of various 

polyamines (Putresin, spermin or spermidine) including 0, 10, 20 and 30 mM. One year old stems were sprayed two 
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times (the first spray at inflammation stage of flower buds and the second one at ten days after flowering). There 
were ten different treatment groups including control (C), Put10, Put20, Put30, Spm10, Spm20, Spm30, Spd10, 
Spd20 and Spd30. The completely matured fruits were harvested and transported to the laboratory for the 
assessment.  

The polyamine contents were determined according to the method previously described by Gao et al. (2009) 
[9] using HPLC. Each tissue was homogenized with 5% (w/v) cold perchloric acid using a cooled mortar and pestle. 
The homogenates were kept in an ice bath for 1 h, and then centrifuged. The supernatant were stored at -70ºC for PA 
quantification. Plant extracts were processed according to the method9. HPLC analysis, reverse-phase (C18) column, 
was carried out which the mobile phases consisted of methanol: water (64:36), at a flow rate of 1 ml/min. Three 
polyamine standards of Put, Spd and Spm were prepared at different concentrations for the production of standard 
curves.   

The pH amounts of fruit juice were determined using the pH meter.  
The total soluble solid (TSS) were measured by using digital refract meter and expressed as Brix.  
Different parameters related to the fruit quality including firmness, fresh weight, length and diameter of fruit 

were determined. 
      Analysis of variance was performed on all data sets using SPSS software. Duncan test with probability of 

0.05 was used to show significant differences between treatments.  
 

RESULTS 
 

The enhanced various polyamine contents were observed in polyamine treated samples in comparison to the 
control as it was shown in table 1. The application of different kinds of polyamines especially spermine and 
spermidine resulted in the increased total soluble solid contents in fruit tissues where the highest amounts were 
found in SpmM20, Put30, Spd30 and Spd20 respectively (table2). As it was shown in table2, among the different 
kinds of applied polyamine treatments, Putresin treatments were the most effective treatments on fruit diameter and 
length in comparison to two others (spermine and spermidin). The application of putresin and spermidine led to the 
elevated pH of fruit juice (table3). The significantly improved fruit firmness and fresh weight were found in the 
polyamine treated samples (table3). The obtained results from the present research indicated that the fruit quality of 
apricot tree affected by the applied polyamines.   

 
Table 1- the effects of different applied polyamines on putresin (Put), spermin (Spm) spermidine (Spd) contents.   

treatments Spm Put Spd  
C h  45.81  f  39.98  g  53.31   
Put10 h  47.12  e  57.42  f  59.27   
Put20 g  58.9  b  71.01  e  70.06   
Put30 f  66.67  a  83.52  d  74.50   
Spm10 g  59.50  e  59.30  d  73.30   
Spm20 c  75.32  b  77.22  a  86.82   
Spm30 e  68.25  d  65.33  c  79.94   
Spd10 d  73.49   c  70.21  e  69.55   
Spd20 a  93.59  c  69.91  b  84.26   
Spd30 b  86.05  c  68.29  d  73.03   

*: Mean values followed by different letters (a, b, c, d, e) are significantly different, according to the Duncan’s test. 
 
Table 2- the effects of different applied polyamines on different parameters related to the fruit quality including fruit 
wide and thin diameter (FWD and FTD, respectively), fruit length (FL) as well as the total soluble solid content 
(TSS). 

treatments FTD FWD FL TSS  
C d  50.80  d  54.79  d  50.81  de  10.86   
Put10 c  52.54  a  62.16  b  56.71  de  10.8   
Put20 b  55.40  ab  59.90  ab  58.07  cd  10.99   
Put30 a  58.42  a  62.47  a  59.47  abc  11.42   
Spm10 d  50.71  ab  60.32  cd  52.75  e  10.45   
Spm20 d  50.83  bc  58.31  cd  52.45  a  11.53   
Spm30 d  49.42  cd  57.02  cd  52.43  bcd  11. 02  
Spd10 e  46.80  d  54.51  cd  52.56  a..d  11.05   
Spd20 d  49.15  e  50.46  cd  52.23  abc  11.41   
Spd30 d  49.20  e  48.26  c  52.92  ab  11.51   

*: Mean values followed by different letters (a, b, c, d, e) are significantly different, according to the Duncan’s test. 
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Table 3- the effects of different applied polyamines on different parameters related to the fruit quality including fruit 
firmness (FF), pH, fruit fresh weight (FW) and fruit set (FS). 

treatments pH FF FW FS  
C d  6.96  h  7.50  h  8.52  d 64.75  
Put10 bc  7.26  d  9.05  e  10.36  cd  71.32   
Put20 a  7.44  ef  8.51  b  11.68  bc  75.56   
Put30 ab  7.33  e  8.54  a  12.30  ab  81.67   
Spm10 e  6.78  c  9.60  c  10.99  abc  76.67   
Spm20 e  6.74  g  7.88  e  10.33  ab  83.96   
Spm30 cd  7.09  f  8.32  f  10.68  ab  83.36   
Spd10 bc  7.16  e  8.69  d  10.58  ab  81.04   
Spd20 bc  7.19  a  11.02  fg  9.99  a  86.57   
Spd30 bc  7.21  b  9.91  g  9.81  ab  84.94   

*: Mean values followed by different letters (a, b, c, d, e) are significantly different, according to the Duncan’s test. 
 

DISCUSSION 
 

Our results indicated that the application of different applied polyamines resulted in the significantly enhanced 
fruit set where spermine and spermidine were more effective than the third one, putresin. These could be resulted 
from the polyamine-induced changes in the reproductive organs especially pollen and ovule.  

Polyamines are implicated in process related to the flower initiation and fruit development [8]. Polyamines are 
involved in process related to the fruit initiation like pollen germination, pollen tube growth [8, 10, 11]as well as the 
delayed ovule senescence [12, 13]. Polyaminesplay different roles in the cellular metabolism such as improving 
membrane integrity, scavenging free radicals, influencing nucleic acids and protein synthesis, and enzyme activities, 
as well as interacting with phytohormones [7]. Thestimulating effect of exogenously applied polyamines on fruit set 
has been recorded in various trees [12, 13, 14, 15, 16]. 

According to the obtained results from the present study, the application of polyamine treatments had 
enhancing effects on the fruit polyamine contents. The higher polyamine contents could affect ripening and 
postharvest life of fruits probably via influencingtheirmetabolism and senescence process.   

Polyamines have inhibiting effects on fruit ripening [7]by the inhibition of enzymes implicated in ripening as 
well as ethylene synthesis [17]. 

The obtained results shown that the fruit quality affected by the used polyamines treatments where the applied 
treatments led to the elevated fruit largeness, fresh weight, pH, firmness and soluble solid contents which are in 
agreement with those found by Ali et al.(2010) [8]. It is probable that polyamine could cause the enhanced fruit size, 
fresh weight and soluble solid contents via affecting cellular division and metabolism which the polyamine-
stimulated cellular metabolism in sink tissues may change the phloem transport and therefore, the fruit quality. It 
seems that the polyamine-improved fruit firmness result from the inhibiting effects of polyamine on the biosynthesis 
of ethylene, a phytohormone responsible for the fruit ripening. 

Spd via interaction with multiple hormonal pathways interferes with fruit development/ripening 
process[18].The polyamine treatments in peach trees lead to the delayed fruit softening which reflects a delay in the 
ripening process[19, 20]. 
 
Conclusion 
 

In conclusion, the positive effects on the quality of apricot fruits as a result of applying different polyamines 
observed at the present research could be attributed to the enhancing effects of the used polyamines on floral and 
fruit developments. According to our results, it could be stated that various kinds of polyamines could influence fruit 
quality which is an important factor in related to the modern trade and industry. The present study can lead to 
conclude that spraying of polyamines significantly affect fruit set and quality of apricot tree.  
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