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The effect of preharvest spray of putrescine and salicylic acid solutions on some
qualitative properties of ‘Granny Smith’ apple fruit
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ABSTRACT

In the current research, salicylic acid and putrescine treatments solutions each with 0, 0.5, 1, and 2 mM/L levels were
sprayed on the ‘Granny Smith’ apple trees in three preharvest stages. The treatments were applied based on factorial
experiment in the randomized complete block design. Weight loss, fruit firmness, total soluble solids (TSS), titratable
acidity (TA), pH, TSS/TA, peel color, and ascorbic acid parameters were measured in five stages after the harvest.
The results revealed that the treatments led to reduce weight loss, to maintaine fruit firmness and to conserve TA
parameters significantly (p<0.05) and were significantly effective on TSS values as compared to the control ones. In
general, the samples treated with 1 and 2 mM/L levels of both salicylic acid and putrescine solutions had the lowest
weight loss, the greatest fruit firmness and the highest TA, as compared to the other levels. TSS was affected
significantly by 2 mM/L level of both salicylic acid and putrescine solutions only in some stages. None of the
treatments showed significant influences on pH, TSS/TA and peel color parameters in neither of the studied periods
of storage.

Keywords: fruit quality, putrescine, salicylic acid, spray solution.
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Table 1. Analysis of variance of some qualitative indicators of Granny Smith apple fruits during 180 days of storage
(1+0.5 °C) under pre-harvest spray of putrescine and salicylic acid treatments

Parameters Factor DF Day 0 Day 45 Day 90 Day 135 Day 180
B 2 0.011™ 0.344™ 0.097"™ 0.050™ 0.957"™
Weight loss SA 3 0.041" 0.004" 2.466" 1.432" 4.328"
(%) PU 3 0.044™ 0.002" 1.541" 0.686" 2.642"
SA*PU 9 0.640" 0.255" 0.796" 0.600" 1.139™
Eruit B 2 0.239™ 0.095™ 0.239™ 1.963: 0.116™
firmness SA 3 0.724"™ 1.055 2.083 1.707 0.292"
> PU 3 1.891" 15117 0.237"™ 0.614" 0.620"
(Kg/cm?)
SA*PU 9 0.463™ 0.177™ 0.677™ 0.966"™ 0.444"™
B 2 0.661"™ 0.582"™ 0.618™ 0.833™ 1.023™
Total soluble SA 3 6.357" 28517 5.225" 4136 3.0248"
solids (%) PU 3 1.871" 1.465" 1.556" 4.350" 4,0414"
SA*PU 9 0.869" 0.313" 0.928" 1.125™ 1.090™
B 2 2223™ 87.4™ 59.8" 72.9"™ 1.0™
Titratable SA 3 489.8" 249.4" 219.4" 155.8" 211.1"
acidity (%) PU 3 220.4"™ 496"™ 93.7™ 236.3" 90.9™
SA*PU 9 202.8™ 49.2"™ 86.8" 99.1" 76.9"
B 2 0.767™ 0.583™ 0.011™ 0.816™ 0.141™
Ascorbic acid SA 3 5.117" 1.092"™ 0.140" 1.980™ 0.716"
(mg/100g) PU 3 12.330" 3.131™ 0.165" 5.926" 3.638
SA*PU 9 3.300™ 1.006"™ 0.772™ 1.801"™ 0.829™

Aoy g Ol jo e Jae gl pae il ud

5% NS 1o Fo PU Skl 0l SA (Sl B o013 4 o df

df: Degree of freedom, B: block, SA: Salicylic Acid, PU: Putrescine; ns, * and **: not-significant and significant at 5 and 1%, respectively.
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Figure 1. Mean comparisons of apple fruit weight loss (%) among different levels of putrescine pre-harvest treatment
during 180 days of storage (1+0.5 °C)
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Figure 2. Mean comparisons of apple fruit weight loss (%) among different levels of salicylic acid pre-harvest
treatment during 180 days of storage (1£0.5 °C)
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Figure 3. Mean comparisons of apple fruit firmness Kg/cm?) among different levels of putrescine pre-harvest
treatment during 180 days of storage (1£0.5 °C)
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Figure 4. Mean comparisons of apple fruit firmness Kg/cm?) among different levels of salicylic acid pre-harvest
treatment during 180 days of storage (1£0.5 °C)
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Figure 5. Mean comparisons of apple total soluble solids (%) among different levels of putrescine pre-harvest
treatment during 180 days of storage (1£0.5 °C)
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Figure 6. Mean comparisons of apple total soluble solids (%) among different levels of salicylic acid pre-harvest
treatment during 180 days of storage (1£0.5 °C)
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Figure 9. Mean comparisons of apple ascorbic acid (mg/100g) among different levels of putrescine pre-harvest
treatment during 180 days of storage (1£0.5 °C)

= OmML 3 05mM/L

Ascorbic acid (mg/100g)

N ®

1 mM/L £ 2 mMIL

Storage time (Day)
VA« 8590 50 Sebnalo asl jlos altises zohans ;8 o (& (aling) S oSl dnsl line (oSl duglite )+ JSC5

(Uogamabes 32 )3 VE- 1D (5lao) (5,055 055,
Figure 10. Mean comparisons of apple ascorbic acid (mg/100g) among different leves of salicylic acid pre-harvest
treatment during 180 days of storage (1£0.5 °C)



fo0 eyt Sl Sl g iy 21015 Gty 5L sl 3l i Sen g gy Ses

o dile o 5l arisl psllasl 55 gab 5
2 Yeedo ¥ gV lacdale (o colaiulsge

aizils (P<e/+0) @,lssime 3l o0 iy

Sl 3wl
S R
Ty} C;bLg;.c\ )‘l oolawl L YY-Y. - Y/PIYY
%AS‘)A Qlfdj)lfj ! 00 ral:g:.il Q‘)'@H" olKisls
‘n)ls‘ olKasls a9 OYM‘ )’l |) S¢> 6)‘)’1M;L;.~u
.AS)L}‘SQ

& S5 Al
S S Ol BeioS (nl glaaidl 4 4y L
Sl Gy A0 )3 ooges (AL Jolore o570 S
22yd o g g Sebeadle sl laJolws L
g 05 AL b g ool ralS | ogee )9 A
03,5 Laax> | oge0 0 lac ziw,le JB ol ol
ol 5l (sam 5o 5 Jo BB sl Slge (liee 092
5 Sehedlo sl S50 Cod )l jsba
ol &S J 0wy a5 18 oo o V iy S
5 oga0 5, alex jl ogue (ol Slas bl

REFERENCES

1.

11.

12.

13.

14.

15.

16.

Arnao, M. B., Cano, A., Hernandez Ruiz, J., Garcia-Canivas, F. & Acosta, M. M. (1996). Ignition by
L-Ascorbic Acid and Other Antioxidants of the 2.2-azino-bis (3-Ethylbenzthiazoline-6-Sulfonic
Acid) Oxidation Catalyzed by Peroxides a New Approach for Determining Total Antioxidant Status
off Foods. Journal of Analytical Biochemistry, 236, 255-261.

Asghari, M. R. (2006). Effect of salicylic acid treatment on selva strawberry fruit, antioxidant activity,
ethylene production and senescence, fungal contaminations and some other quality attributes. Ph.D.
Thesis. University of Tehran. (in Farsi)

Babalar, M., Asghari, M.R., Talaei, A.R. & Khosroshahi, A. (2007). Effect of Pre-and Postharvest
Salicylic acid Treatment on Ethylene Production Fungal Decay and Overall Quality of Selva
Strawberry Fruit. Journal of Food Chemistry, 105, 449-453.

Baggni, N. & Tassoni, A. (2001). Biosynthesis, Oxidation and Conjugation of Aliphatic Polyamines
in Higher Plants. Journal of Amino Acid, 20,301-317.

Karlidag, H., Yildirim, E. & Turan, M. (2009). Salicylic acid Ameliorates the Adverse Effect of Salt
Stress on Strawberry. Journal of the Science of Food and Agriculture, 66(2), 180-187.

Khan, A. S., Singh, Z., Abbasi, N. A. & Swinny, E. E. (2008). Pre or Post-harvest Application of
Putrescine and Low Temperature Storage Affect Fruit Ripening and Quality of Angelino Plum.
Journal of the Science of Food and Agriculture, 88, 1686-1695.

Pistocchi, R., Bagni, N. & Creus, J. A. (1987). Polyamine Uptake in Carrot Cell Cultures. Journal of
Plant Physiology, 84, 374-380.

Raskin, 1. (1992a). Role of Salicylic Acid in Plants. Annual Review. Journal of Plant Physiology and
Plant Molecular Biology, 43, 439-463.

Raskin, 1. (1992b). Salicylates, a New Plant Hormone. Journal of Plant Physiology, 99, 799-803
Ruhi, Z., Asghari, M R., Rasmi, Y. & Aslani, Z. (2010). Effect of Post Harvest Salicylic acid on
Some Qualitative Properties and Antioxidant Activity of Kiwifruit (cv. Haiward). Horticultural
Sciences, 24(1), 102-108. (in Farsi)

Shafiee, M., Taghavi, T. S. & Babalar, M. (2010). Addition of Salicylic acid to Nutrient Solution
Combined with Postharvest Treatments (Hot water, Salicylic acid, and Calcium Dipping) Improved
Postharvest Fruit Quality of Strawberry. Journal of Horticultural Science and Biotechnology, 124, 40-45.
Srivastava, M. K. & Dwivedi, U. N. (2000). Delayed Ripening of Banana Fruit by Salicylic acid.
Journal of Plant Sciences, 158, 87-96.

Torrigiani, P., Bregoli, A. M., Ziosi, V., Scaramagli, S., Ciriaci, T. & Rasori, A. (2004). Preharvest
Polyamine and Aminoethoxyvinylglycine (AVG) Applications Modulate Fruit Ripening in Stark Red
Gold Nectarines (Prunus persica L. Batsch). Journal of Postharvest Biology and Technology, 33,
293-308.

Smimoff, N. (1995). Anti-oxidant System and Plant Response to Environment. In Smimoff, N.
Environment and plant metabolism. Bios Scientific Publisher Oxford United Kingdom, 217-243
Valero, D., Martinez-Romero, D., Castillo, S., Guillen, F. & Serrano, M. (2002). Plum Storability
Improved After Calcium and Heat Postharvest Treatments Role of Polyamines. Journal of Food
Science, 67(7), 2571-2575.

Wang, L., Chen, S. H., Kong, W., Li, SH. & Archbold, D. (2006). Salicylic acid Pretreatment
Alleviates Chilling Injury and Affects the Antioxidant System and Heat Shock Proteins of Peaches
During Cold Storage. Journal of Postharvest Biology and Technology, 41, 244-251.



17.

18.

19.

20.

21.

VA0 5l ¥ 8Les FY 5,90 ol SLEL psle fos

Yao, H. & Tian, S. (2005). Effects of Pre- and Post-harvest Application of Salicylic Acid or Methyl
Jasmonate on Inducing Disease Resistance of Sweet Cherry Fruit in Storage Postharvest. Journal of
Postharvest Biology and Technology, 35, 253-262.

Yao, H. & Tian, S. (2005). Effects of Pre- and Post-harvest Application of Salicylic acid or Methyl
Jasmonate on Inducing Disease Resistance of Sweet Cherry Fruit in Storage. Journal of Postharvest
Biology and Technology, 35, 253-262.

Yildirim, E. & Dursun, A. (2009). Effect of Foliar Salicylic acid Applications on Plant Growth and
Yield of Tomato under Greenhouse Conditions. Acta Horticultural, 807, 395-400.

Zhang, Y., Chen, K. S., Zhang, S. & Ferguson, 1. (2003). The Role of Salicylic acid in Postharvest
Ripening of Kiwifruit. Journal of Postharvest Biology and Technology, 28, 67-74.

Zokaee Khosroshahi, M. R., Esha-ashari, M. & Ershadi, A. (2007). Effect of Exogenous Putrescine
on Postharvest Life of Strawberry Fruit. Journal of Scientia Horticulturae, 114, 27-32.



