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ABSTRACT 

This study was carried out in summer seasons of 2017 and 2018 at a private farm in Sheiba 
Region, Zagazig City. The study was aimed to study the effect of spraying ethrel at the appropriate 
plant leaves stage development (two immature leaves as well as one, two and three true leaves stage) 
on plant growth, chemical composition, flowering, yield and fruit quality of squash CV. Eskandarany. 
The results indicate that, spraying squash plants with ethrel (250 ppm) once at the two immature 
leaves, significantly increased vegetative growth, leaves nitrogen content, number of female flowers, 
yield, as well as the physical and chemical quality of fruits. Moreover, the highest values of total 
chlorophyll, phosphorus and potassium percentage of leaves were recorded by spraying ethrel at the 
age of two true leaves.  
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Introduction 

Squash plant (Cucurbita pepo L.) considered as one of the important members of family 
Cucurbitaceae. It is a vegetable crop grown in Egypt for local consumption and for foreign exporting 
market. Summer squash known as a tender, warm – season vegetable, but it can be grown around the 
year, fruits should be harvested in immature stage and before the rind hardens. Squash has a very rich 
nutritional profile that consists of various nutrients, minerals, vitamins, and organic compounds, 
which are responsible for providing the health benefits. Squash have the ability to improve vision, aid 
in skin care, strengthen the immune system, prevent cancer, manage symptoms of diabetes and protect 
heart health, beside it helps to prevent inflammatory conditions (Mohsen et al., 2013). It contains a 
huge amount of vitamine A, a significant amounts of vitamins C, E, and B6, niacin and thiamin, as 
well as minerals , in terms potassium, magnesium, phosphorus, calcium, iron ,and manganese (Bose et 
al., 2000). 

Increasing squash yield and fruit quality are the main target for growers. Under the changes of 
climate, the environmental conditions, particularly the increase of temperature were affected 
negatively on cucurbits plants, it is very important to instead the traditional practices of agricultural 
by novel means , such as regulating sowing date, agricultural transactions (fertilization, irrigation, 
etc…), and used effective chemicals (growth regulators, stimulative  growth substances ) to overcome 
of these undesirable effects ( Fekry, 2016). 

In this respect, improvement of the environmental factors and public health are important reasons 
for need to increase the use of organic manure (Eifediyi and Remison, 2010). The use of organic 
manure fertilizers, i.e., farmyard manure in sustainable agriculture benefits to farmers, growers, 
consumers, and the environment through, boost both of nutrient efficiency and organic matter content 
in the soil, restore and maintain soil fertility, which reflect on plant growth, and the quality attributes 
of yield, enhance the biological activity of soil, facilitate the slow release of nutrients and improve the 
efficiency of water use (Belay et al., 2001). In this concern, Enweke et al. (2013) and Olalekan (2017) 
indicated that organic manure is not only cheap and effective, but also, it is essential for establish and 
maintaining the optimum soil physical and chemical conditions for plant growth and yield. 

Application of ethrel as plant growth retardant due to regulate some metabolic process in plants. 
Foliar spray of it had a positive effect on flowering behaviour by increasing the number of female 
flowers in various cucurbits plants, where it more specifically in reversal the flowers from male to 
female (Thappa et al., 2011, Sure et al., 2013 , Fekry , 2016 , as well as, Baruah and Sarma, 2018). 
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           This work aimed to determine the appropriate stage of leaves development for spraying the 
plants with ethrel and its effect on plant growth, flowering, yield and fruit quality of squash, 
Eskandarany cv.               
 
Materials and Methods 

Two field experiments were done at a Private Farm in Sheiba Village , Zagazig City ,Sharkia 
Governorate , Egypt  during the summer seasons of 2016 and 2017 to investigate the effect of ethrel 
on growth, chemical content,  flowering traits, as well as  yield and  fruit quality of squash plants. 

The physical and chemical properties of the experimental soil field are presented in Table (1) and 
the analysis of  irrigation water in Table (2). 
  
Table 1: Physical and chemical properties of the experimental soil  
Properties Values 
Physical analysis  
Sand (%) 76. 9 
Silt (%) 8. 9 
Clay (%) 14. 2 
 Soil texture Sandy loam 
Chemical analysis  

, g. / kg)3Calcium carbonate (Ca CO 7. 80 
Organic matter (g/kg) 2. 11 
pH (1: 2. 5 Soil - Water suspension) 7. 94 
Elctric conductivity (EC) (dS/m) 1. 30 
Soluble cations (mmol/L )  

)++Calcium (Ca 10. 21 
)++Magnesium (Mg 3. 34 

)+Sodium (Na 1. 20 
)+Potassium (K 1. 30 

Soluble anions (mmol/L )  
)--

3Carbonate (CO - 
)-3Bicarbonate (HCO 3. 90 

) -Chlorine(Cl 2. 85 
)--

4Sulphate (SO 3. 33 
Available nutrient  
Macronutrients (mg/L ) 

 

Nitrogen (N) 36. 0 
Phosphorus (P) 11. 0 
Potassium (K) 220 
Micronutrients ( ppm)  
Fe 9. 02 
Zn 2. 21 
Cu 2. 26 
Mn 4. 40 

 
Table 2: Analysis of irrigation water used in the experiment: 
Characters Concentration 
Total salts (ppm) 1050 
Ca++(mmol/L) 12 
Mg+ (mmol/L) 14. 1 
Na+(mmol/L) 10. 1 
K+(mmol/L) 1. 80 
SO4

- - (mmol/L) 3. 85 
HCO3

-(mmol/L) 2. 90 
E C (Electric conductivity, dS/m) 0. 62 
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All the experimental plot area was 8.40 m2 (3m long, 4 ridges and 70 cm width). The seedlings of 
squash (cv. Eskandarany) were sown on April 13th and 14th in 2017 and 2018 seasons, respectively. 
Seedlings were transplanted at 50 cm apart on one side of the ridge.  

The study included 5 treatments which were spraying once at the concentration of 250 ppm at 5 
stages, of leaves development, i.e., control, two immature leaves, as well as at one, two and three true 
leaves stages.  

These treatments were arranged in randomized complete blocks design, with three replicates. The 
fertilizers of Ammonium sulphate (20.5%N), calcium superphosphate (15.5-16.0 % P2O5) and 
potassium sulphate (48-50.0% K2O) were used as the sources of N,P and K fertilizers at the rate of 
200 kg, 150 kg and 100 kg per feddan, respectively. All the amount of phosphorus fertilizer was 
applied once during soil preparation. As for nitrogen and potassium fertilizers, the amounts were 
added in two equal doses, the first after 20 days from transplanting in the field and the second during 
flowering time. All other culture practices were done according to the recommendations by the 
Ministry of Agriculture for squash crop. 

 
Data recorded: 
 
a -Plant growth characters:  

 A random sample of three plants was taken from each treatment after 45 days from transplanting 
to measure the plant growth parameters, i.e., vine  length (cm) , number of leaves, plant leaf area (m2, 
the fourth leaf), as well as,  fresh and dry weight of leaves (g).  

 
b- Leaves chemical composition: 
 
 1-Total Chlorophyll: It was measured in fresh leaves (the 4th upper leaf) after 45 days from 
transplanting by using anon – destructive method with a Spad 502 chlorophyll Meter designed by 
Minolta camera Co. Ltd., Japan.  
 
2-Total nitrogen , phosphorus and potassium: It were determined as the methods described by 
Cottenie et al.(1982), for determined of nitrogen and phosphorus, and Chapman and Pratt,(1982) for 
determined potassium content . 
 
 c- Flowering traits:  

 At flowering stage, a random sample of three plants from each experiment plot was labelled. 
Number of male and female flowers were counted two days intervals from the beginning to the end of 
flowering period.  

 
d- Fruit yield and quality:  

Squash fruits were harvested at marketable stage twice to three times a week (30 days from 
transplanting). Number of fruits / plant, mean fresh and dry weight of fruit (g), fruit length (cm), fruit 
diameter (cm), were measured. The total fruit yield were calculated from the total yield of every 
experimental plot with in average of 12 picking of fruits.  

 
e- Fruit chemical composition: 

Samples of ten squash fruits in mid of harvesting season were taken for chemical determination 
as follows: 

 
1- Ascorbic acid: It was determined in a random sample of 100 g of fresh fruit according to the 
method described by A.O.A.C. (1990). 
 
 2- Total nitrogen, phosphorus and potassium contents: It were determined by the same methods 
as previously mentioned in the chemical composition of plant leaves. 
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Statistical analysis:  
The obtained data were subjected to statistical analysis according to Gomez and Gomez (1984) 

and SAS Institute (2008). The difference between the treatments were compared using least 
significant differences (L. S. D.) at 5 % as described by Snedecor and Cochran (1980).  

 
Results and Discussion 
 
Plant growth characters: 

The presented data in Table (3) show clearly that, plant growth measurements of squash, 
expressed as vine length, number of leaves, leaf area, fresh and dry weight of leaves, are significantly 
influenced by foliar spray with ethrel at different stages of leaves development.  

Moreover, spraying ethrel at the stage of two immature young leaves was recorded the best plant 
growth characters, followed in descending order by plants sprayed with ethrel at one true leaf, two 
true leaves and three true leaves stages, respectively. The lowest value was obtained by the control 
treatment (tap water).  

These results were true in both experimental growing seasons. Obtained results are accordance 
with those reported by Cardoso et al.(1998), Yongan et al. (2002), Fekry  (2016),  Shafeek et al. 
(2016), and Sakthinathan et al. (2017), who illustrated that spraying summer squash plants with ethrel 
significantly enhanced plant growth characters. 

 
Table 3: Effect of ethrel foliar spray on vegetative growth characters of squash plant at different stages of 

leaves development during 2017 and 2018 seasons. 
     Characters 
 
Treatments 

Vine length 
 (cm) 

No. of 
leaves/plant 

Plant leaf area 
(cm2) 

Leaves fresh 
weight (g/plant) 

leaves dry 
weight (g/plant) 

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 
Control 40.00 38. 50 18. 10 18. 03 296 294 52. 46 51. 43 10. 06 16. 04 
Two immature 
young leaves  

90. 12 92. 23 30. 33 29. 66 407 409 98. 40 97. 16 29. 70 29. 30 

One true leaf 76. 06 79. 00 26. 43 26. 36 401 402 80. 93 80. 00 25. 66 24. 96 
Two true leaves 65. 06 64. 76 23. 86 23. 86 303 307 78. 36 77. 56 21. 83 21. 70 
Three true leaves 55.00 55. 90 21. 10 21. 33 289 286 66. 33 65. 33 19. 70 19. 43 
LSD (0. 05) 5. 65 5. 55 2. 63 2. 93 2. 49 2. 53 1. 68 2. 50 0. 96 1. 34 
Ethrel concentration: 250 ppm 

 
Leaves chemical composition: 

The significant influence of foliar spray with ethrel at the different development stages of squash 
leaves on the chemical composition of leaves are presented in Table 4, which indicate that foliar spray 
with ethrel at two immature young leaves increased N percentage of squash leaves, while spraying 
ethrel at two true leaves, significantly increased the total chlorophyll and the percentages of 
phosphorus and potassium, compared to the control.  
 
Table 4: Effect of ethrel foliar spray on chemical content of squash leaves at different stages of leaves 

development during 2017 and 2018 seasons  
                                 

Characters 
Treatments 

Total chlorophyll  
(Spad) 

Leaves minerals content (%) 

N  P  K 
2017 2018 2017 2018  2017 2018  2017 2018 

Control 40. 27 40. 33 2. 24 2. 23 0. 21 0. 22 2. 63 2. 65 
Two immature young 
leaves 

42. 35 42.00 3. 15 3. 12 0. 27 0. 26 2. 82 2. 83 

One true leaf 43. 84 43. 65 2. 94 2. 92 0. 34 0. 33 2. 96 2. 94 
Two true leaves 46. 88 45. 65 2. 78 2. 76 0. 38 0. 37 3. 07 3. 05 
Three true leaves 42. 84 42. 61 2. 52 2. 50 0. 27 0. 26 2. 72 2. 71 
LSD (0. 05) 0. 22 0. 19 0. 06 0. 06 0. 02 0. 02 0. 16 0. 18 
Ethrel concentration: 250 ppm 

 
From the above mentioned results, it could be suggested that, the superiority of leaves squash 

minerals content at two immature young leaves stage may be attributed to the promotive effect of 
spraying ethrel in early stage on root growth, which reflected on plant growth, i.e., number of leaves, 
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fresh and dry weight of plant as shown in Table (3), ahich reflected on plant chemical constituents 
(Gala et al., 2012 and Shafeek  et al., 2016) . 

These results are in agreement with those obtained by Thomas (2008), and Khan et al. (2008), 
who showed that ethrel increased the chemical composition of different plants.  

 
Flowering: 

Foliar spray of squash plants with ethrel at different stages of leaves development caused a 
significant increases in number of female flowers and decrease the number of male flowers (Table 5). 
In this respect, foliar spray with ethrel at the stage of two immature young leaves achieved the highest 
number of female flowers, and the lowest number of male flowers compared with the anther 
treatments. On the other hand, the lowest number of female flowers and highest number of male 
flowers were recorded by the control treatment. These results are true in both growing seasons.  
 
Table 5: Effect of ethrel foliar spray on male and female flowers number of squash plant at different stages of 

leaves development during 2017 and 2018 seasons  
                            Characters 

Treatments 
No. of male flowers/plant No. of female flowers/plant 
2017 2018 2017 2018 

Control 5. 12 5. 10 2.30 1. 98 
Two immature young leaves 1. 49 1. 48 6.07 5. 58 
One true leaf 1. 83 1. 82 5.20 4. 40 
Two true leaves 1. 99 2. 02 4.10 3. 61 
Three true leaves 3. 33 3. 31 3.20 2. 41 
LSD (0. 05) 0. 23 0. 29 0. 46 0. 39 
Ethrel concentration: 250 ppm 

 
In this concern, the positive effect of spraying the seedlings with ethrel at early stage may be 

attributed to its enhanced effect on squash plants vegetative growth, i.e. increased the number of 
leaves ,as well as its fresh and dry weight (Table 3), which affected on carbohydrates content and 
translocation , and this causing the increase of pistillate  flowers (Ezzo et al.,2012  and Fekry, 2016). 

Moreover, Baruah and Sarma (2018) concluded that exogenous application with ethrel as 
ethylene – releasing compounds, which consider among the growth regulators could be used for 
inducing the femaleness in the members of family cucurbitaceae. 

The results are going in agreement with those reported by Gad et al.(1993), Kasrawi et al. 
(1995), Cardoso et al.(1998), Cheng et al. (2002), Yangan et al. (2002), Manzano et al. 
(2011),Thappa et al. (2011) Sure et al. (2013), Reenata and Madhakumari , (2015 ), and Shafeek et 
al.(2016). They concluded that spraying the young plants with ethephone or ethrel increased the 
female flowers number of cucurbits than number of male flowers of these plants.  

 
Fruit yield and quality: 

Data in Table (6) revealed that number of fruits / plant, total yield / fed ,fruit fresh and dry 
weight, fruit length and diameter significantly responded to foliar spray with ethrel at two immature 
leaves stage , followed by in descending order with the treatments of foliar spray at one, two and three 
true leaves stages, respectively. On the other hand, the lowest values of the above mentioned 
described characters were recorded by the control treatment. Obtained results are similar during the 
two growing seasons. 

In this concern, Gad et al.(1993), Yongan et al.(2002), Manzano et al.(2011), Ezzo et al.( 2012), 
Shafeek et al. ( 2016) and Fekry (2016) on squash , Sure et al. (2013),  Baruah and Sarma ( 2015 and 
2018) , Shakar et al. (2015) and Sakthinathan et al. (2017) on some cucurbits   plants demonstrated 
that total yield and fruit quality were enhanced as a result of spraying ethrel at the early stage of 
seedlings.  

Yield of cucurbits plant depends on the number of nods and the sex of flowers produced at each 
node ( Hopping and Hawthorne , 1979 ), this suggest was obtained by foliar spray of ethrel at 250 
ppm  on number of leaves, as well as female flowers as shown in Tables 5 and 7, respectively, which 
gained the maximum values in this respect. In addition , the increasing of squash fruit yield may be 
attributed to the higher ethylene produced as a result to spraying ethrel which due to increase the 
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number of female flowers (Yongan et al ., 2002 ;  Manzano  et al ., 2011; Fekry , 2016 and Shafeek  
et al ., 2016 )on squash . 

 
Table 6: Effect of ethrel foliar spray on fruit yield and quality of squash at different stages of leaves 

development during 2017and 2018 seasons 
     Characters 

 
Treatments 

No. of fruits 
/plant 

Total fruit yield 
(t/fed) 

Fruit fresh 
weight (g) 

Fruit dry  weight 
(g) 

Fruit length 
(cm) 

Fruit diameter 
(cm) 

 2017 2018 2017 2018  2017 2018  2017 2018  2017 2018  2017 2018 
Control 6.40 6.70 4.26 5. 36 63. 93 60. 33 20. 80 21. 00 9. 33 9. 16 1. 77 1. 75 
Two immature 
young leaves 12.70 12.30 16.03 17. 43 283. 80 282. 66 92. 06 91. 66 12. 83 12. 76 3. 08 2. 92 

One true leaf 10.90 11.40 13.10 14. 20 207. 70 206.60 67. 80 67. 73 11. 70 11. 39 3. 07 3. 07 
Two true leaves 10.30 10.60 9.44 10.53 163. 80 162. 33 54. 53 54. 10 11. 42 11. 71 2. 93 3. 06 
Three true 
leaves 

9.85 9.60 7.95 8.04 140. 60 141. 33 42. 86 42. 00 9. 77 9. 75 2. 22 2. 22 

LSD (0. 05) 0.16 0.15 1. 73 1. 68 9. 64 9. 90 2. 79 1. 69 0. 88 0. 83 0. 12 0. 09 

   Ethrel concentration: 250 ppm 

 
Fruit chemical composition: 

Data presented in Table (7), show clearly that foliar spray with ethrel at two immature leaves 
stage, significantly increased the chemical composition of squash fruits, i.e., N, P, K and vitamin C, 
followed by spraying ethrel at the stages of one, two, and three leaves, respectively. These findings are 
in harmony with those reported by Sure et al. (2013), and  Shafeek et al. (2016), who  illustrated that 
foliar spray with ethephon at different ages of leaves development, increased the fruit quality of 
squash.  

Conclusively , from the above mentioned results and discussion ,  it could  be concluded that 
spraying squash seedlings with ethrel at the concentration 250 ppm in the age of two immature leaves, 
significantly increased vegetative growth characters , number of female flowers, fruit yield and 
components, as well as  fruit quality , i.e., physical and its chemical traits  of cv. Eskandarany  squash 
plants. Moreover, leaves chemical contents of total chlorophyll , P and K, recorded a highest values as 
a result of foliar spray with ethrel at the age of two true leaves, meanwhile nitrogen percentage by 
spraying ethrel at the two immature young leaves.  
 
Table 7: Effect of ethrel foliar spray on  squash fruit  chemical composition at different stages of leaves 

development during 2017 and 2018 seasons 
                 Characters 

 
Treatments 

Fruit minerals content ( %) Vitamin C  
(mg / 100 g F.W. ) N P   K 

2017 2018 2017 2018  2017 2018  2017 2018 
Control 0. 98 0. 97 0. 46 0. 47 0. 91 0. 90 11. 12 11. 11 
Two immature young leaves 1. 46 1. 45 0. 68 0. 66 1. 28 1. 26 13. 71 13. 69 
One true leaf 1. 35 1. 36 0. 61 0. 60 1. 24 1. 23 12. 90 12. 89 
Two true leaves 1. 22 1. 23 0. 56 0. 54 1. 02 1. 03 12. 51 12. 49 
Three true leaves 1. 02 1. 03 0. 45 0. 44 0. 98 0. 96 11. 60 11. 64 
LSD (0. 05) 0. 03 0. 01 0. 01 0. 01 0. 01 0. 01 0. 07 0. 05 
Ethrel concentration : 250 ppm,  F.W. = Fresh weigh 
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