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A complete randomized design experiment with ten treatments and three replications 

was conducted to evaluate the effects of dipping fruits for 5 minutes in one of the 

following solutions: tap water, 10, 20 and 30 ppm of indoleacetic acid (IAA) or 

indolebeuteric acid (IBA) or 0.1, 0.2 and 0.3% magnesium nitrate salt (Mg(NO3)2) on 

the shelf-life characters of summer squash (Cucurbeta pepo L.) fruits, including that 

harvested incorrectly (without remaining part of the stem) as it proceeds by most Iraqi 

farmers. The results show a significant decrease in each of peroxidase enzyme activity to 

4.94 absorbing unit/minute/ml and weight loss to 9.98% in the fruits that treated with 10 

ppm of IAA compared to other treatments. Treating fruits with 20 ppm of IAA increased 

the fruits peel content of chlorophyll a and chlorophyll b. The fruits total soluble solids 

increased significantly to 5.33% when they dipped in 20 ppm IBA. There were non-

significant differences between the treatments firmness, except the significant decrease 

to 5.14 kg/cm
2
 when 0.3% magnesium nitrate was used. Nevertheless, most differences 

between treatments were non-significant compared to the control fruits. Treating the 

fruits of summer squash with 10 ppm IAA was the best for decreasing peroxidase 

activity and fruits weight loss after keeping at ambient temperature (20-23°C and 40-

55% relative humidity) for 5 days. 
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Introduction 
     Summer squash (Cucurbita pepo L.) belongs to the Cucurbitaceae family and it is one of the most 

important vegetables to Iraqi consumer as a food and several medical purposes, in addition to its high yield 

in a short period (40-70) days, where the fruits harvested during 2-5 days after fully opened flowers, when 

the fruits on cell enlargement stage and good fruits are shiny with dark green color [1]. During harvest 

process, summer squash should be cut from the plant by leaving 1.25 to 2.5 cm of the stem attached to the 

fruit [2]. The commercial maturity of summer squash is immature fruits, which is classified as high 

respiration rate fruits, and classified as a low production of ethylene and medium relative sensitivity to 

ethylene, its recommended temperature for storage is ranged 5-10 ◦C [3]. Summer squash must be market 

soon without delaying and must not store if possible; if storage is necessary, they can be kept in cool storage 

for 14-21 days at 5°C and 85-95% relative humidity [4]. Due to containing very high water content (94%) at 

harvest, summer squash shelf life is very short, because it is exposed to decay, mechanical injuries, and 

weight loss in addition to decreasing their quality during their exhibition, so it is considered as a perishability 

product. After harvest, fruits undergo many physiological and biochemical changes during its exhibition in 

markets, so, the shelf life of fruits could be prolonged significantly through slowing down the process 

leading to ripening and controlling the microbial decay [5].  
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     Different applications such as plant growth regulators are regarded as one of the most important 

treatments, used nowadays in plant field, which they are used for prolonging the fruits storage period, 

extension shelf life and keeping their quality characteristics, for example; Olaiya (2010) [6 ] revealed that the 

storability of tomato fruits was better than those of control after ten days of storage at ambient conditions, 

after their seeds treated with 100 mg/L of IAA, IBA, NAA before planting. Also AL.Hmedawi et al. (2011) 

[7] tested the effects of NAA on storability of eggplant fruits at 12°C and 85 – 90 % relative humidity for 10 

days, which it cause a significant decrease in weight loss percent, total decay, respiration rate, and a 

significant increase in firmness, color and test values at the end of the storage period compared to control 

treatment. 

     The effects of elements salts, especially Mg [8], Ca [9], and K [10] on quality attributes to fruits and 

vegetable storability had been studied. In a study conducted by Lester and Grusak (1999) [8] the fruits of 

muskmelon (Cucumis melo L. (Inodorus Group) ‘Honey Brew’) were dipped for 20 minutes in a solution 

containing a Ca-chelate, a Mg-chelate, a combination of both chelates, or no mineral chelate, where the fruits 

from water or Mg-chelate treatments were the less firm, the higher moisture loss and the more hypodermal 

mesocarp electrolyte leakage compared to Ca-chelate and (Ca+Mg)-chelate treated fruits after 10 days of 

cold storage (10°C). 

     In Iraq, studies regarded to extending summer squash shelf life by plant regulators and nutrients are so 

few, so the present study had been conducted to investigate the effects of IAA, IBA and magnesium nitrate 

on summer squash fruits shelf life at room temperature of Koya city. 
 

Materials and Methods 

Plant material and treatments 

     An experiment was conducted by using freshly harvested fruits of summer squash Cucurbeta pepo L. 

(Mulla –Ahmed cv.) bought from the wholesale market of Koya city in October 2017. 480 fruits of averagely 

15 to 25 cm length were used in this experiment by distributing them between 10 treatments which were 

made of dipping the fruits for 5 minutes in one of the following solutions: tap water (control), 10, 20 and 30 

ppm of indoleacetic acid (IAA) or indolebeutric acid (IBA) or 0.1, 0.2 and 0.3% of magnesium nitrate 

Mg(NO3)2·6H2O salt which will be referred to as MN. All treatments were kept in plastic boxes for 5 days in 

a room with ambient condition (20-23°C and 40-55% relative humidity).  

     It should be mentioned that the chemicals used in this study were save to human as they used in many 

studies about treating fruits after harvest, and IAA may be used safely for agricultural purposes and as an 

external preservative for fruits [11] as well as magnesium nitrate salt [12]. 

     As an incorrect practice many farmers in Iraqi Kurdistan region and other Iraqi regions, the summer 

squash are harvested without taking the attention to remaining part of the stem with the fruits, so the fruits 

that bought are contain different stem length even fruits without stem; therefore in order to minimize the bad 

effect of this practice, the fruits that used in this study include different stem length as they brought from the 

market (Fig. 1). So the stem length was not determined as a separate factor, but the experimental units 

contain equal number of fruits with different stem length.  

 
Figure 1. A sample of the summer squash fruits that used in the study containing different stem length. 
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Studies Characteristics  

     At the end of the keeping period, the following parameters were measured: peroxidase enzyme activity in 

fruits which determined as it mentioned by Nezih (1985) [13], chlorophyll a, b and total carotenoids were 

calculated in the fruits peel according to the method mentioned by (Lichtentaler and Wellburn, 1983) [14], 

fruits total soluble solids (TSS) measured by using hand-refractometer according to A.O.A.C. (2002) [15] 

from juice obtained by squeezing discs of the fruits tissue, fruits firmness measured by using hand-

penetrometer with 7.9 mm head diameter, fruits weight loss was calculated as a percentage of water loss in 

comparison with initial weight, and the percent of dry matter content in fruits were calculated as it described 

by Al-Sahaf (1989) [16] by divided the wet weight of fruits by the dry weight of them multiply by 100. 

Statistical Analysis 

     A complete randomized design (CRD) with ten treatments and three replicates was used for conducting 

this study; each experimental unit contains 48 fruits. Analysis of variance and Duncan`s multiple range test 

(α 0.05) was used for dealing with the data by SAS program [17]. 

Results and Discussion 

     Figure 2 shows a significant decrease in the peroxidase enzyme activity to 4.94 absorbing unit/minute/ml 

for fruits treated with 10 ppm IAA compared to other treatments, especially the treatment 30 ppm IBA which 

gave more peroxidase activity (5.75 absorbing unit/minute/ml). The figures 3 and 4 show that treating fruits 

with 20 ppm IAA increased the content of fruits peel of chlorophyll a and b significantly to 3.41 and 1.10 

mg/g fresh weight compared to each of the control, 30 ppm of IAA and IBA and 0.1% magnesium nitrate for 

chlorophyll a and the control treatment for chlorophyll b. Figure 5 shows that the total carotenoids increased 

significantly to 1.01 and 0.98 mg/g fresh weight in the peel of fruits that dipped in 0.2% magnesium nitrate 

and 20 ppm IAA compared to the control treatment which records the lowest value reached 0.70 mg/g fresh 

weight. All treatments TSS were superior on 0.3% magnesium nitrate (4.21%) except 30 ppm IAA and 10 

ppm IBA (Fig. 6). There was a significant decrease in fruits firmness reached 5.14 kg/cm
2
 when 0.3% 

magnesium nitrate was used for treating the fruits compared to other treatments (Fig. 7). The percent of fruits 

weight loss decreased significantly in the fruits treated with 10 ppm IAA (9.98%) compared to other 

treatments that not differ significantly between each other (Fig. 8). The percent of fruits dry matter content 

increased significantly to 6.59% for the fruits that treated with 0.2% magnesium nitrate compared to the 

fruits that treated with 10 ppm IBA and 0.3% magnesium nitrate that gave 5.89 and 6.02% respectively (Fig. 

9).  

     Generally the increasing in peroxidase enzyme activity will decrease fruits storability due to IAA may be 

oxidized by peroxidase enzyme [18]. In the current study, the effect of IAA at 10 ppm caused a significant 

decrease in the enzyme activity, which is may due to that concentration had the best pH for decreasing the 

activity of that enzyme compared to other concentrations, as it mention by Mizobutsi et al. (2010) [19] who 

reported that the activity of peroxidase enzyme was maximum at pH 6.5 and 7.0, respectively, and no 

activity was detected at pH 2.5 and 9.5 in a partially purified preparation of pericarp of the litchi (Litchi 
chinensis Sonn.) fruits that harvested at the ripe stage. From the results we see that 20 ppm of IAA and IBA 

concentration was the best concentrations for increase the pigments content of fruits peel after 5 days of 

keeping at ambient temperature, may be as a result of IAA is considered as one of those hormones delaying 

ripening that leads to loss of chlorophyll and the breakdown of proteins, this result agree with that of Behera 

et al. (2017) [20] who study the effects of foliar application of 10 or 20 ppm of IAA or NAA at 30 and 45 

days after sowing five varieties of sesame (Sesamum indicum L.) were the maximum chlorophyll-a and b and 

total chlorophyll content was recorded from 20 ppm IAA or NAA compared to 10 ppm. At the same time 

increasing the concentration of magnesium nitrate salt from 0.1 to o.2% increased the chlorophyll a content 

significantly as a result of the fact that Mg is the key metallic substance in chlorophylls synthesis [18]. The 

significant decreases in fruits TSS with the highest magnesium nitrate salt level (0.3%) may due to 

increasing the nitrogen level, this results agree with many previous studies like that of Wrona (2004) [21] 
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who stated that the high dose of nitrogen fertilization decreased apple fruit content of soluble solids. It also 

confirm the finding of Omotoso and Akinrinde (2013) [22] where pineapple (Ananas comosus L. Merr.) fruit 

TSS decreased with increasing rates of nitrogen application at 0, 50, 100, 150 and 200kg N/ha. The 

significant decrease in fruits firmness when high concentration 0.3% of magnesium nitrate is applied may 

also due to their content of nitrogen in this salt which may leads to diminishing the cell wall thickness, which 

in consequence decreases the flesh texture [23]. This result confirm by Fallahi et al. (1997) [24] who 

indicated that high nitrogen level decreased fruits firmness. Furthermore, it is known that magnesium had an 

antagonistic property with calcium, and it is stated that high fruit and vegetable Ca concentration resulted in 

increased firmness and improve storability [9]. The daily water loss from summer squash is 2.2% under 

24°C and 25% relative humidity [5]. So the significant decrease in the percent of fruits weight loss for the 10 

IAA treatment may due to the decrease in the peroxidase enzyme activity for this treatment (Fig. 1), because 

of the plant cell walls contain peroxidase activity, which oxidized the aromatic alcohol subunits of lignin cell 

wall, so in this treatment these substances may undergo less oxidize by cell wall peroxidases enzymes [18]. 

The significant decrease in the percent of fruit dry matter content for 10 ppm IBA may due to decreasing the 

percent of TSS (Fig. 6) and increasing the weight loss (Fig. 8) in this treatment, whereas the decrease in the 

percent of dry matter content when the concentration of magnesium nitrate increased to 0.3% may due to 

Mg
2+

 is compete with Ca
2+

 ion for binding sites at the cell plasma membrane as a result of an  antagonistic 

effects [25], therefore, membrane permeability is increased by high levels of Mg which can replace Ca at the 

cells plasma membrane surfaces [26], which may due to increasing water loss (Fig. 8)and as a result 

increasing percent of dry matter, where its known that Ca salts improves the postharvest quality remarkably 

for many fruits [27]. 

Conclusions and recommendations 

     From this study, we can conclude that IAA at 10 and 20 ppm was the most favorable treatments for 

improving summer squash shelf life and keeping the fruits with good quality for 5 days of keeping at 

ambient temperature, especially for fruits harvested in incorrect way.  It is recommended to conduct farther 

studies about the effects of the length of fruits stem as an independent factor, also studying the changes in the 

internal hormones levels as result to the different treatments.  

 

 
Fig. 2. Peroxidase enzyme activity of summer squash fruits dipped in different treatments solutions for 5 min, and kept 

for 5 days under ambient temperature,  (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium nitrate). 

Columns with same letter are not significantly different ( p < 0.05). 
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Fig. 3. Chlorophyll a content of peels of summer squash fruits dipped in different treatments solutions for 5 min, and 

kept for 5 days under ambient temperature, (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium 

nitrate). Columns with same letter are not significantly different ( p < 0.05). 

 
Fig. 4. Chlorophyll b content of peels of summer squash fruits dipped in different treatments solutions for 5 min, and 

kept for 5 days under ambient temperature, (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium 

nitrate). Columns with same letter are not significantly different ( p < 0.05). 

 
Fig. 5. Total carotenoids content of peels of summer squash fruits dipped in different treatments solutions for 5 min, 

and kept for 5 days under ambient temperature, (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium 

nitrate).Columns with same letter are not significantly different ( p < 0.05). 
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Fig. 6. Percent of total soluble solids of summer squash fruits dipped in different treatments solutions for 5 min, and 

kept for 5 days under ambient temperature,  (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium 

nitrate). Columns with same letter are not significantly different ( p < 0.05). 

 
Fig. 7. Firmness of summer squash fruits dipped in different treatments solutions for 5 min, and kept for 5 days under 

ambient temperature, (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium nitrate).Columns with 

same letter are not significantly different ( p < 0.05). 

 
Fig. 8. Percent of weight loss of summer squash fruits dipped in different treatments solutions for 5 min, and kept for 5 

days under ambient temperature, (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium 

nitrate).Columns with same letter are not significantly different ( p < 0.05). 
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Fig. 9. Percent of dry matter content of summer squash fruits dipped in different treatments solutions for 5 min, and 

kept for 5 days under ambient temperature, (IAA: indoleacetic acid, IBA: indolebeutric acid,  MN: magnesium 

nitrate).Columns with same letter are not significantly different ( p < 0.05). 
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