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ABSTRACT 

An agricultural field experiment was conducted during the two consecutive seasons of 2016 and 
2017 in Kaha Vegetable Research Farm, Horticultural Research Institute, to study the effect of planting 
dates and spraying with some minerals on storage capacity and prolonging the marketing period for 
sweet potato (Ipomoea batatas, L.), cv. Menoufia 6. The experiment included 12 treatments, which are: 
Three planting dates as main treatments with four sub-treatments, i.e., foliar spraying with 2500 ppm 
potassium, 2000ppm calcium and 1500 ppm magnesium five times throughout the season. Results 
indicated that the first planting date (April) with potassium foliar spray gave the highest values of 
vegetative growth (plant length, number of branches, fresh and dry weight of canopy). The interaction 
between planting dates and nutrients foliar spray was positive on yield and its components (root length, 
number of roots, roots fresh weight, total yield/fed and marketable yield). First planting date with 
spraying of mineral nutrients recorded the highest values of both total and marketable yield of tuberous 
roots compared to the second and third planting dates, where the first planting date superiority followed 
by the second planting date and the third planting date in descending order, while the cash return was 
higher in the third planting date compared to the first and second planting dates due to the decrease in 
the supply of the crop during the harvest period. The results also indicate an increase in the chemical 
content in the tested plant samples (tuberous roots) in the three planting dates, and it seems that the 
accumulation of the chemical content inside the tuberous roots had a positive effect on the storage 
capacity of the tuberous roots for the three planting dates but this effect doubled with the decrease in 
temperature during the storage period on the third planting date, which recorded the lowest values in 
the percentage of loss in weight and in the percentage of decay, during the experimental seasons, and 
this may be due to the suitability of temperature and humidity during the months of storage and the 
interaction of this with the spraying with mineral elements that work on building and solids of the cell 
walls and resisting the changes resulting from the external environment. The economic study showed 
that, sweet potato on-farm storage in is a viable and potentially highly profitable business in Egypt. It 
was found that the longer the storage period (in case of 2nd planting date), the higher the monetary value 
of the venture where, it increases with the increase of the storage period up to 120 days. Storing sweet 
potatoes for 8 weeks (Both June and August planting dates) would still represent a viable business 
which is not recommended at April plantings in which the stored yield do not sold off before 90 and 
120 days (the highest monetary value under all nutrient treatments over the corresponding treatments 
at harvest time by storing April planting up to 120 days) in order to avoid the loss resulting from the 
sale after storage periods of 30 or 60 days. 
 
Keywords: Sweet potato, foliar spraying, planting date, potassium, calcium, magnesium, marketable 

and storage. 

 
1. Introduction 

Sweet potato (Ipomoea batatas L.) is a dicotyledonous root vegetable crop that belongs to the family 
Convolvulaceae and is the seventh important food crop after wheat, rice, corn, potatoes, barley and 
cassava in the world (El-Seifi et al., 2014). In Egypt, the area cultivated with sweet potato in Egypt 



Middle East J. Agric. Res., 10(1): 238-255, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.1.14  

239 

2018/2019 season is about 613 feddans, with a total production of 3762 ton/fed (Egyptian Ministry of 
Agriculture and Land Reclamation, 2019), it is a popular crop and is cultivated for the purpose of human 
food, animals fodder and industrial purposes, i.e., starch, sugar and ethanol (Byju and George., 2005). 
The main nutrients in sweet potato tubers are carbohydrates (15-28% starch and 3-6% Polysaccharides 
(Harvat et al., 1991). The sweet potato plant needs many studies that work to prolonging the period of 
crop displaying in the market without the occurrence of damage to the tuber roots and this requires 
studying the suitable planting dates for crop to appear in successive periods and also studying the nature 
of nutrition that works to increase the quality and increase the hardness of cells against external factors 
such as heat, moisture, light, pathogens, and internal factors such as low quality, internal decomposition 
and increased loss rate, and this requires studying the optimal storage methods that preserve the sweet 
potato crop for as long as possible.  Planting dates play an important role in the growth of plants and 
increase the productivity of vegetables and crops because of the availability of appropriate temperatures 
for growth and yield, which leads to an increase in the total return or profit due to the increase in 
productivity, or crops may be planted at close dates to the appropriate dates with the aim of high prices 
and return (Sandhu et al., 2014 and Dash et al., 2018). Potassium is an essential nutrient for plants that 
plays an important role in plant growth and development and in photosynthesis, increasing enzyme 
activity, improving carbohydrates, protein and fat synthesis, transporting sugars, and working on cell 
and tissue stiffness against pests and diseases (Dakhil et al., 2011). On the other hand, Calcium is one 
of the essential nutrients for plants and plays an important role in building the plasma membranes of 
plants as it contributes to maintaining the stability of the cell membrane and wall surlier (Marschner, 
1995). The importance of both calcium and magnesium is due to the interaction with pectic acid and 
the formation of the middle plate in the plant, which increases the carrying capacity of the tuber roots 
to increase the storage of starchy materials (Helal and AbdEl-hady, 2015). Foliar application of nutrients 
has many advantages over ground addition and is more economical than soil application or root 
application due to the higher degree of nutrients applied, which makes the nutrients more efficient and 
may also overcome the problem of ground nutrient uptake (Blachinski et al., 1996). Recently, there has 
been much interest in foliar fertilization of vegetables and crops due to the high cost of soil fertilizers, 
and the availability of new formulations of compounds with high absorption efficiency for the plant 
(Hiller, 1995). Therefore, the objective of this work was to study impact of planting dates and spraying 
with some macro elements on growth, yield, storage capacity and shelf life (prolonging the period of 
crop displaying in the market) of sweet potato. 

 
2. Materials and Methods 
 

A field experiment was conducted during two agricultural seasons of 2016 and 2017 at the 
Vegetable Research Farm of Kaha, Horticultural Research Institute, Agricultural Research Center, Giza 
Governorate, Egypt, under the conditions of clay soil, to study the effect of planting dates and spraying 
with some macro elements on growth, yield, storage capacity and shelf life (prolonging the period of 
crop displaying in the market) of sweet potato (Ipomoea batatas, L .) cv. Menoufia 6. 

 
2.1. Experimental Design:  

The experiment was distributed in the split-plot system with three replicates.  Each experimental 
plot consisted of five ridges (5 m length x 0.75 m wide) and the area of the experimental unit was 
18.75m2, whereas; one ridge was left without planting as a guard ridge between plots to avoid the 
interference of various treatments. The cultivation was done by stems cuttings at three planting dates, 
i.e. 1st April, 1st June and 1st August of both 2016 and 2017.  The harvest took place after 130 days of 
planting for all the tested dates. The experiment included 12 treatments (three planting dates × four 
foliar feedings. The treatments were arranged at a split plot with three replicates as follows. 

 
a) Planting dates in main-plot as: 
            1st April, 1st June and 1st August of both seasons 
 
b) Foliar feeding with fertilizer elements in sub-plot as: 

1. Potassium sulfate (48% potassium) at a concentration of 2500 ppm K2O 
2. Magnesium sulfate (10% magnesium) at a concentration of 1500 ppm Mg 
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3. Calcium nitrate (17% calcium) at a concentration of 2000 ppm Ca 
4. Control treatment (tap water). 

 
The plants were sprayed 5 times, where the first treatment started in the 5th week after sowing and 

repeated each 15 days interval until the 13th week. All the treatments were fertilized with the 
recommendation rates of NPK, Calcium superphosphate (15.5% P2O5) was added once before planting 
as a source of phosphorus. Both ammonium nitrate (33.5% N, as nitrogen source) and potassium 
sulphate (48% K2O, as a source of potassium) were applied in four constant doses (the extra nitrogen 
applied in the Ca treatment was balanced by reducing the ammonium nitrate application at side 
dressing). The other cultural practices were applied according to the recommendations of the Egyptian 
Agricultural Ministry for all treatments. Soil samples analyses were carried out according to the 
procedures described by Jackson, (1973) and the average of the obtained data are shown in Table 1. 

 
Table 1: Physical and chemical properties of the experimental soil. 

Physical properties Chemical properties 
Items 2016 2017 Items 2016 2017 

Sand % 20.05 19.99 Available N (ppm) 80.63 78.22 
Silt   % 18.97 19.11 Available P (ppm) 5.07 4.97 
Clay % 60.33 61.45 Available K (ppm) 209.17 210.53 

Texture class Clay loam pH  7.65 7.55 

 
2.2. Recorded data 
2.2.1. Vegetative growth parameters: 

Measurements of vegetative growth were taken after 100 days of planting. Five plants were 
randomly selected to determine the average plant height, number of branches, fresh and dry weight of 
the plant 

 
2.2.2. Yield and its components:  

At harvest date (130 days of planting), crop samples were randomly taken up to record root length, 
number of roots, average fresh weight of root, fresh weight of roots per plant, Total yield (ton/fed), 
marketable yield and non-marketable crop. 

 
2.2.3. Chemical constituents:  
 Total nitrogen was determined according to the modified Kjeldahl method by Horneck and Miller 

(1998). 
 Phosphorous was determined according to Watanabe and Olsen (1965) method. 
 Potassium percentage was determined using the Flame Photometer according to Brown and 

Lilleland (1946). 
 Ca and Mg were determined by atomic absorption spectrophotometer according to A.O.A.C. 

(1990). 
 Total protein was calculated by a conversion factor (N × 6.25) as described by Pregl (1945). 

  
2.2.4. Curing of tubers: 

At the time of harvest, 15 kg tuberous roots were taken from each treatment after cleaning of the 
suspended soil, all roots were sorted and damaged roots were disposed. The curing was carried out by 
laying out the tubers carefully and allowing them dry for 10 days to 2 weeks in a warm location (26 to 
29 ˚C) with a humidity level of 80-90 percent. Fresh weight data were taken after curing. 

 
2.2.5. Tubers storability  

The roots were packed into perforated numbered bags and stored in a complete random way in three 
replications for 4 months (120 days). All treatments were stored in a prepared warehouse, in which the 
complete cleanliness of pathogens and insects at normal room temperature so that there is free flow of 
air through the tubers to minimize heat buildup which can result into soft rots. All the replicates were 
checked every month to calculate the percentage of weight loss at 30, 60, 90, 120 days of storage as 
well as decay percentage as average of all storage period, in both seasons.  
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Weight loss percentage was estimated by to the following equation: 
 

Weight loss % 
Initial tuber weight-tuber weight at sampling date 

x100 
Initial tuber weight 

 

 The percentage of decayed roots in relation to the total number of roots was calculated 
according to the following formula: 

 

Decay roots  % 
Number of decayed roots 

x100 
Total numbers of tubers 

 
2.3. The economic analysis: 

The sweet potato market price (in Egypt) as showing in Table 2, where the market prices 
different from month to other, were used to estimate the total economic Monetary value (MV) according 
to Gomez and Gomez (1984), based on the storage periods as following: 

Monetary value (MV) = yield × market price of root (ton/fed) 
 
Table 2: Sweet potato market price in Egypt at different harvest times of the three planting dates (PD) 

and after storage periods (SP), 2017  

Item 
 Egyptian market prices (L.E.) 

At harvest time 30 days SP 60 days SP 90 days SP 120 days SP 

1st April 1000 1000 1100 1300 1500 

1st June 1100 1300 1500 1800 2000 

1st August 1500 1800 2000 2000 1900 

 
2.4. Statistical analysis: 

All recorded data were subjected to analysis of variance procedures and treatment means were 
compared with L.S.D. as described by Gomez and Gomez (1984). Statistical analysis was performed 
by MSTATC version 4 computer program. 

 
3. Results and Discussion 
 
3.1. Vegetative growth parameters: 
3.1.1. Effect of planting dates: 

The results illustrated in Fig. 1 indicate that the planting dates positively affected the studied 
vegetative growth characteristics (plant height, number of branches, fresh and dry weight of the plant) 
as the first planting date at 1st April recorded significantly the highest values for all vegetative traits 
followed by the 2nd date (1st June) and 1st Agust (third date), in descending during the study seasons. 

 
3.1.2. Effect of foliar spraying: 

The results presented in Fig. 2 show that the vegetative growth characteristics (plant height, number 
of branches, fresh and dry weight of plant) were strongly influenced by foliar spraying with some 
elements. 

Potassium foliar spray surpassed the other treatments in all the studied traits during the two seasons 
of study  except for the plant height and the fresh weight of the canopy in which the foliar spray with 
the calcium element was the highest effect with no significant differences between K, Ca and Mg for 
fresh weight of canopy in 1st season and between K and Ca for both plant length and fresh weight of 
canopy in 2nd season, while the control treatment recorded the lowest values obtained in all the studied 
vegetative growth characteristics during the two study seasons. 
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Fig. 1: Vegetative growth characters of sweet potato plants as affected by planting date. 
  

Fig. 2: Vegetative growth characters of sweet potato plants as affected by nutrients foliar spray 
 
 
3.1.3. Effect of the interaction: 

The results shown in Table 3 indicate that the vegetative growth characteristics were positively 
affected by the interaction of three planting dates and foliar spraying with each of potassium, calcium 
and magnesium and this led to a positive interaction and significant differences between the treatments. 
The foliar spray with the potassium element interacted with 1st planting date led to significant 
differences and clear superiority over the rest of the other factors and the same effect was observed 
during the three dates, while calcium foliar spray showing an increase in most of the vegetative growth 
characteristics compared to magnesium foliar spray during the three planting dates, which recorded 
significant values, but they were less compared to potassium and calcium. The control treatment 
recorded the lowest values obtained in all of these characteristics during the three appointments 
throughout the study years.  

The increase in growth during the first and second dates due to the compatibility of climatic factors 
(temperature and humidity) may be due to the optimum temperature for the cultivation process and the 
beginning of growth, while the relatively low growth may be due in the third season due to high 
temperatures at the beginning of the plant’s life and lower temperatures at the end of the plant’s life. 
These results are consistent with the results obtained by Nisha, (2020). The increase in the 
characteristics of green growth may be attributed to the main role of calcium, as it is a necessary nutrient 
in plants and participates in many physiological processes inside the plant. These results agreement 
with Mengel and Kirkby (2001) who mentioned that calcium has an important role within the plant as 
it works to stabilize cells and El-Hadidi., et al. (2017) stated that the foliar spray on the sweet potato 
plant with calcium gave the highest values of the vegetative growth parameters and this shows the 
importance of providing plants with calcium to improve vegetative growth and may be due to absorbing 
nutrients and improving the growth process. 
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Table 3: Vegetative growth characters of sweet potato plants as affected by planting date and macro-
nutrients foliar spray interaction.  

Treatments 
Plant 

Length 
(cm) 

No. of 
branches 

/plant 

Canopy 
Plant 

Length 
(cm) 

No. of 
branches 

/plant 

Canopy 

Fresh 
Weight 

(kg) 

Dry 
weight 

(g) 

Fresh 
weight(kg) 

Dry 
weight 

(g) 
Planting 

date 
Foliar 
spray 

2016 2017 

1st April 
 

K 176.67 20.00 1.042 193.33 186.33 20.33 1.188 181.67 

Ca 186.00 18.00 1.100 187.33 185.00 19.33 1.180 172.33 

Mg 181.33 18.00 1.023 184.67 181.00 18.00 1.087 164.33 

Zero 157.33 17.66 0.844 161.33 153.67 16.00 0.990 142.33 

1st June 

K 172.33 18.00 1.006 184.67 179.33 18.66 1.185 174.00 

Ca 177.33 17.33 0.965 172.67 170.33 18.00 1.107 162.67 

Mg 165.00 17.00 0.908 170.67 169.67 17.00 1.040 159.33 

Zero 147.67 14.66 0.812 158.67 159.33 14.66 0.839 142.00 

1st 
August 

K 167.33 16.00 0.833 172.33 163.33 16.66 0.997 139.00 

Ca 172.00 16.00 0.857 164.33 163.00 15.33 0.956 142.00 

Mg 167.00 15.00 0.889 163.67 154.00 16.33 0.860 145.00 

Zero 142.67 13.33 0.798 149.00 139.33 13.00 0.741 142.33 

LSD   at 5% 4.93 0.928 0.044 4.334 4.57 0.814 0.045 3.488 

 
The increase in the vegetative growth characteristics of plants that have been sprayed with potassium 
may be attributed to the effective role of potassium in feeding plants, as it enhances the activity of 
enzymes and increases the speed of interaction and has a major role in the process of respiration and 
activation of the cytoplasm. It may also be due to the positive role of potassium in the representation of 
nitrogenous compounds and the conversion of amino acids into proteins through its entry into the 
formation of the peptide bond or due to its indirect role in helping the iron element to play its role in 
the formation of chlorophyll, which is the basis of the photosynthesis process in plants (Sangakkara et 
al., 2000). The results are agreement with Romheld and Kirkby (2010) and Marschner (2012) who 
mentioned that potassium K plays an important role in regulating water and gas exchange and carbon 
dioxide uptake, increases osmotic pressure and the level of swelling in plant cells and works to increase 
the surface of roots and increase absorption in plants. 

  
3.2. Yield and its components  
3.2.1. Effect of planting dates: 

Fig. 3 shows that the yield and its components (root length, number of roots, average fresh weight 
of the root, roots fresh weight per plant, total yield per feddan, marketable yield, and non-marketable 
yield) have a significant effect on the different three planting dates (1st April date, 1st June and 1st 
August) and the first planting date surpassed the rest of the other dates followed by the second one (1st 
June) and the 3rd one (early August) in descending order during both seasons. 

 
3.2.2. Effect of foliar spray:  

The results presented in Fig. 4 indicate that foliar spraying with (potassium, calcium, and 
magnesium) resulted in significant differences in most of the yield characteristics and its components 
(root length, number of roots, average of root fresh weight, fresh weight of roots per plant and total 
yield per feddan as well as both Marketable and non-marketable yield/fed) compared to the control 
treatment which recorded the lowest values in all the characteristics of the yield and its components. 
Spraying plants with potassium element led to desirable an increase in most of the characteristics of 
yield traits, followed by calcium, magnesium and control in descending order for each of root length, 
number of roots per plant and roots weight per plant in both seasons as well as average root weight, 
total roots yield and marketable yield in 1st season.    
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Fig. 3: Yield and its components of sweet potato plants as affected by planting dates  

Fig. 4: Yield and its components of sweet potato plants as affected by nutrients foliar spray 

3.2.3. Effect of the interaction: 
Results presented in Table 4 indicate that the combination of planting dates and foliar spray with 

nutrients (potassium, calcium and magnesium) led to a significantly desirable interaction in all the 
characteristics of yield and its components at both seasons except number of roots/plant in 2nd season. 
Foliar spray with potassium resulted in a significant increase and a clear superiority over other 
treatments for all traits compared to the control during the three planting dates in the two agricultural 
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seasons, except root length (1st PD) and both total yield and marketable yield in 1st and 3rd PD in which 
magnesium spray was superior than potassium spray with slightly differences between both treatments. 
Increases of the roots yield during the first and second dates may be attributed to the availability of a 
suitable climate of temperature and humidity during the period of plant growth, which led to the 
formation of a strong vegetative group that contributed to the activation of the photosynthesis process 
and the formation of an excess of carbohydrates over the plant’s need. 

Table 4: Yield and its components of sweet potato plants as affected by planting date and macro 
nutrients foliar spray interaction. 

Treatments 
Root 

length 
(cm) 

No 
of 

roots 

Average 
root 

weight (g) 

Root 
weights/plant 

(g) 

Total 
yield 

(ton/fed) 

Marketable 
yield 

(ton/fed) 

Non 
Marketable 

yield 
(ton/fed) 

2016 

1st 
April 

 

K 18.87 6.33 279.67 1864.67 16.705 15.866 0.839 
Ca 17.85 5.33 317.00 1737.00 14.959 14.049 0.910 
Mg 17.63 5.33 293.00 1773.33 15.433 14.703 0.975 

Control 15.44 4.33 211.33 1624.00 13.344 11.880 1.377 

1st 
June 

K 17.63 5.66 269.33 1728.67 15.309 14.261 0.944 
Ca 16.70 5.66 269.33 1661.00 14.287 13.288 0.999 
Mg 16.46 5.33 273.33 1685.00 14.678 13.588 1.090 

Control 15.84 3.66 196.33 1542.67 12.741 11.490 1.251 

1st 
August 

K 15.81 4.66 215.00 1419.33 13.128 11.890 1.181 
Ca 15.85 4.33 199.00 1260.00 12.925 11.588 1.226 
Mg 14.74 4.00 195.00 1349.33 12.963 11.619 1.344 

Control 12.71 3.33 152.67 1098.67 10.686 9.097 1.588 
LSD   at 5% 0.175 0.29 11.512 275.20 0.29 0.2686 0.018 

2017 

1st 
April 

 

K 18.67 5.33 315.33 1814.00 15.432 14.496 0.603 
Ca 17.81 5.33 292.67 1727.00 14.81 13.785 1.025 
Mg 18.75 5.33 289.00 1777.00 15.562 14.535 1.027 

Control 16.76 4.67 210.67 1515.33 12.486 11.274 1.195 

1st 
June 

K 17.68 4.67 309.00 1713.00 14.521 13.410 1.110 
Ca 16.98 4.66 266.33 1636.00 13.685 12.569 1.116 
Mg 16 4.33 259.67 1709.00 14.638 13.533 1.105 

Control 15.18 4.00 196.67 1484.33 12.581 11.289 1.354 

1st 
August 

K 14.96 4.66 191.00 1387.00 12.669 11.544 1.125 
Ca 14.63 4.33 191.33 1271.00 11.883 10.588 1.295 
Mg 13.82 4.33 185.00 1290.00 12.954 11.603 1.301 

Control 11.89 4.33 172.00 1021.33 9.854 8.195 1.659 
LSD   at 5% 0.25 Ns 14.716 31.03 0.216 0.195 0.152 

 
Increase the total yield and improve the quality characteristics are agreed with Martin (1987), 

Mishra et al. (2019) and Allolli et al (2011). They stated that vegetative growth was obtained above the 
soil surface and the highest yield was obtained from the tuberous roots of the plants that were planted 
on July 30th, this may be due to the compatibility of climatic conditions with needs of sweet potato 
plants. On the other hand, increase of total sweet potato production can be attributed to the foliar 
fertilization of potassium, magnesium and calcium positive interaction between them led to an increase 
in the efficiency of photosynthetic pigments which increase the vegetative growth, increase 
carbohydrates and their accumulation in the tuber roots, and improve the characteristics of the crop and 
its components. Similar results were reported by Gowda et al. (1990), Mishra et al. (1992), El-Denary 
(1998), George et al. (2002), Talukder et al. (2009), El-Sawy (2011) and El-Hadidi, et al. (2017). They 
found that the foliar spray with the element of magnesium increased the yield of tubers and the total 
yield per feddan, this may be because of the magnesium enhances the chlorophyll concentration and 
increases leaf area and number of leaves, and this increases production and total yield. It may be due to 
the role of potassium, calcium and magnesium inside the plant, where potassium activates enzymes and 
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carries energy and has a relationship with the formation of carbohydrates in the plant and has a 
fundamental role in transporting compounds to their storage places and that calcium works to regulate 
the implementation of membranes, regulate the metabolism process, and control respiration. 
Magnesium stimulates nutrient absorption and carbohydrate formation and accelerates enzymatic 
processes (Byju and George, 2005).  
 
3.3. Chemical Contents 
3.3.1. Effect of planting dates: 

Data illustrated in Fig. 5 shows that the chemical content of potato plants recorded significant 
differences among planting dates (1st April, 1st June and 1st August) and this was positively reflected 
on the chemical components of the roots. Early April surpassed the other planting dates, followed by 
June and August, in descending order for chemical contents of the sweet potato roots, during the two 
study seasons. 

 

Fig. 5: Chemical Contents of sweet potato roots as affected by planting dates 

3.3.2. The effect of foliar spray:  
The results (Fig. 6) indicate that spraying plants with potassium, calcium and magnesium resulted 

in significant differences for most characteristics of the chemical content in the roots of the tested plants, 
as the content of elements (nitrogen, phosphorous and potassium, as well as protein) increased when 
plants treated with potassium foliar spray, and recorded the highest values obtained in most of the tested 
chemical characteristics during the different planting dates in the agricultural seasons, while the 
treatment of plants with foliar spraying with the element calcium and magnesium recorded the highest  
significant increase in the calcium and magnesium content of roots, respectively. 

 
3.3.3. Interaction effect:  

The results presented in Table 5 indicate that the interaction between foliar spraying with fertilizer 
elements (potassium, calcium and magnesium) and planting potato plants at three different dates 
resulted in significant differences in the content of potato roots of the nutrients. Potassium spray was 
superior to other foliar spray nutrients where the plants recorded the highest values for N, P, K and 
protein under the three planting dates during the two seasons.  
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Fig. 6: Chemical contents of sweet potato roots as affected by macro nutrients foliar spray 

Table 5: Chemical contents of sweet potato roots as affected by planting date and macro nutrients foliar 
spray interaction. 

Treatments N % P % K % Ca % Mg % Protein % 
2016 

1st April 

K 2.1 0.303 3 0.087 0.255 13.14 
Ca 2.06 0.28 2.76 0.091 0.239 12.87 
Mg 1.95 0.253 2.69 0.065 0.294 12.22 

Control 1.88 0.193 2.48 0.048 0.211 11.77 

1st June 

K 2.05 0.213 2.94 0.07 0.242 12.93 
Ca 1.77 0.2 2.72 0.098 0.213 11.09 
Mg 1.79 0.186 2.80 0.054 0.274 11.20 

Control 1.59 0.163 2.35 0.051 0.2 9.93 

1st 
August 

K 1.91 0.18 2.69 0.053 0.224 11.93 
Ca 1.83 0.17 2.70 0.095 0.224 11.45 
Mg 1.77 0.16 2.59 0.053 0.273 11.10 

Control 1.48 0.13 2.32 0.041 0.187 9.28 
LSD   at 5% 0.09 0.01 0.071 0.003 0.009 0.55 

2017 

1st April 

K 2.09 0.306 3.07 0.077 0.275 13.06 
Ca 1.99 0.27 2.76 0.095 0.259 12.47 
Mg 1.88 0.233 2.83 0.062 0.306 11.74 

Control 1.74 0.193 2.62 0.05 0.238 10.89 

1st June 

K 1.92 0.213 2.91 0.065 0.266 12.04 
Ca 1.84 0.2 2.81 0.095 0.236 11.49 
Mg 1.67 0.186 2.82 0.052 0.296 10.43 

Control 1.45 0.163 2.55 0.041 0.229 9.10 

1st 
August 

K 1.77 0.18 2.85 0.042 0.236 11.08 
Ca 1.63 0.17 2.87 0.09 0.239 10.20 
Mg 1.51 0.16 2.76 0.048 0.284 9.43 

Control 1.42 0.13 2.25 0.031 0.211 8.92 
LSD   at 5% 0.079 0.011 0.057 0.005 0.006 0.498 

 
First of  April planting interacted with Potassium spray exhibited the highest contents. These results 

are in agreement with those reported by Sandhu et al. (2014) and Dash et al. (2018). The planting dates 
had a significant effect on the chemical content of the tuberous  roots, and this may be due to the 
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interaction of the elements with the planting dates, especially the first and second dates with the organic 
compounds inside the plant and the increase in their content in plant tissues, this may be due to the 
improvement in environmental conditions resulting from the appropriate climate for agricultural dates 
and the improvement of nutrient absorption from the soil, as this resulted in an increase in the content 
of the tuber roots of the mineral elements (N, P, K, Ca, Mg and protein). Mansour and Abu El-Fotoh 
(2018) mentioned that there are significant differences in the content of potato plants from the chemical 
elements due to the different planting dates. The increase in the content of the tuber roots of the mineral 
elements may be attributed to the common interaction resulting from spraying with nutrients between 
potassium, calcium and magnesium where the content of nitrogen, phosphorous, potassium, calcium 
and magnesium increased.  

Also, Ozgen et al. (2006), Hamdi et al. (2015), Hilal and AbdEl-hadi (2015) and El-Hadidi, et al. 
(2017) stated that the foliar spray with both Calcium and magnesium led to the presence of a common 
positive reaction on the starch and protein content and a significant increase in the concentrations of N, 
Ca and Mg in leaves and tubers and increasing roots mineral elements of N, P, K, Ca and Mg due to the 
foliar application of potassium, calcium, and magnesium to improve the absorption of elements and 
increase their content within the plant and to play their role in all biological, physiological and 
biochemical processes.  

 
3.4. Storage of tuber roots 
3.4.1. Effect of planting dates: 

Figure 7 shows that the storage periods were significantly influenced by the different planting dates 
except 90 days of April planting in which insignificant differences among the three planting dates. 3rd 
date (early August) recorded the lowest percentage loss in weight and decay followed by 2nd date (June 
planting) and early April in both seasons. In this regard, the third planting date recorded the lowest 
values in the percentage of loss, followed by the second planting date, followed by the first planting 
date in descending order. 

 

Fig. 7: Storage periods of sweet potato roots as affected by planting dates (PD) in average of both 
seasons. 

 
3.4.2. Effect of foliar spray. 

The results illustrated in Fig. 8 indicate that there are significant differences among the three 
spraying treatments. Control treatment recorded the highest values obtained in the percentage of loss or 
in the proportion of decay compared to other treatments that were subject to the foliar application of 
potassium, calcium or magnesium, and the desirable lowest values were obtained with calcium spray 
followed by magnesium or potassium alike with no significant differences between (K and Ca), (K and 
Mg) and (Ca and Mg) at 30, 60 and 120 days for weight loss percentage, respectively in both seasons 
as well as (K and Mg) for weight loss percentage at 90 days and decay in 1st and 2nd season, respectively. 
whether the spraying any element led to positive effects in reducing the percentages of weight loss and 
decay in tuber roots stored in the room (natural) temperature and humidity for four consecutive months 
compared to the control treatment that recorded the highest values in the loss percentage during the 
storage periods during the two studied seasons.  
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Fig. 8: Storage periods of sweet potato roots as affected by macro nutrient foliar spray in the two 
seasons and average of both seasons. 

 
3.4.3. Interaction effect:  

The results presented in Table 6 and Fig. 9 show that planting dates interacted with foliar spraying 
with each of potassium, calcium and magnesium led to significant differences through the different 
storage periods, where calcium foliar spray (over all storage periods) resulted in the lowest percentage 
of weight loss and decay in 2nd (June) and 3rd (August) planting date, respectively compared to the rest 
of other treatments followed by Ca treatment interacted with 1st date in 90 days storage period of both 
seasons with no significant differences between Ca and Mg foliar spray interacted with any planting 
date and among the three nutrients interacted with 2nd planting date at 120 days storage period of both 
seasons. On the contrary, the greatest weight loss and decay percentage of tubers were obtained in 
untreated control. The positive effect of K, Ca and Mg and its combinations treatments on sweet potato 
roots yield components could be interpreted by multiple physiological functions to each element (El-
Zohiri and Youssef, 2015).  

Table 6: Weight loss and decay percentage of sweet potato as affected by planting date and macro 
nutrients foliar spray interaction in both seasons 

Treatments 
Weight loss % at storage periods: 

Decay 
Weight loss % at storage periods: 

Decay 30 
days 

60 
days 

90 
days 

120 
days 

Mean 
30 

days 
60 

days 
90 

days 
120 
days 

Mean 

Main Sub  2016  2017 

1st 
April 

K 5.31 11.37 12.78 16.10 11.39 8.63 6.26 10.40 12.22 15.78 11.17 9.57 
Ca 5.36 9.37 11.48 14.07 10.07 7.04 5.90 8.74 10.77 14.48 9.97 8.67 
Mg 6.44 10.07 12.11 14.44 10.77 8.19 6.73 9.71 11.26 13.78 10.37 9.35 

Zero 8.35 13.70 16.46 19.11 14.41 12.64 8.94 14.07 15.55 16.73 13.82 13.06 

1st 
June 

K 4.68 9.74 11.78 14.41 10.15 7.51 5.17 9.37 12.47 13.74 10.19 8.77 
Ca 4.88 8.70 10.74 13.44 9.44 7.53 5.92 9.07 10.11 12.71 9.45 9.03 
Mg 6.62 9.70 12.14 14.44 10.73 8.06 6.45 10.7 12.77 13.01 10.73 9.25 

Zero 8.77 13.07 15.47 17.37 13.67 11.75 9.81 13.11 14.48 15.55 13.24 12.17 

1st 
August 

K 4.38 9.77 12.81 14.73 10.42 6.90 5.60 8.77 12.18 14.41 10.24 8.29 
Ca 4.23 8.70 11.74 13.37 9.51 6.34 5.06 9.41 11.77 12.63 9.72 8.46 
Mg 4.18 9.77 12.44 13.03 9.86 7.54 6.04 9.40 11.11 12.70 9.81 9.12 

Zero 6.65 12.81 14.07 16.40 12.48 11.07 7.57 12.37 13.47 14.74 12.04 11.39 
LSD 0.46 1.11 1.21 1.51  0.09 0.15 1.09 0.78 1.58  0.18 
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Fig. 9: Storage periods of sweet potato roots as affected by macro nutrient foliar spray in the two seasons 
and average of both seasons. 

The increased storability of the tubers roots for storage may be due to the withstand of the roots to 
endure storage conditions due to the foliar spraying with the necessary elements such as calcium and 
magnesium, the occurrence of a interaction with pectic acid and the formation of calcium and 
magnesium pactites that work to stick cellulose chains together during the work of the cell walls, which 
leads to the preservation of the content of the compounds organic and moisture inside the roots and 
control of respiration. These results are in agreed with Marschner (2013), Graham (1983) and Banerjee 
et al. (2014). They mentioned that calcium has a major role in regulating metabolism, controlling 
respiration, mitigating the impact of environmental stresses and reducing the production of ethylene in 
plants. 
 
3.5. Economic study for sweet potato storage: 

Obtained data concerned with the effect of planting dates, nutrients foliar spray and their interaction 
on storage of marketable yield of sweet potato (Table 7, 8, 9) and illustrated in Fig. 7,8, 9 revealed that 
marketable yield/fed have a significant effect with the different three planting dates (1st April date, 1st 
June and 1st August) and the first planting date surpassed the rest of the other dates followed by 1st June 
and early August in descending order during both seasons. On the other hand, foliar spraying with 
(potassium, calcium, and magnesium) resulted in significant differences in Marketable yield/fed 
compared to the control treatment which recorded the lowest values as discussed previously in Fig.4. 
Spraying plants with potassium element led to desirable an increase yield trait, followed by calcium, 
magnesium and control in descending order at harvest and all storage periods after takeaway the losses. 
As for the interaction effects, the combination of planting dates and foliar spray with nutrients led to a 
significantly desirable interaction in yield at both seasons. Foliar spray with potassium interacted with 
April planting date resulted in a significant increase and a clear superiority over other treatments, 
followed by calcium and magnesium compared to the control at harvest time and through the four 
storage periods during the three planting dates over two seasons. It is desirable to analyze the economic 
viability of storage on monetary basis following Gomez and Gomez (1984) formula. Monetary values 
of the marketable yield of sweet potato were calculated according to their market price (locally farmers 
price) as showing in Table 2, where the market prices different from month to other, in locally market 
for wholesale at the beginning of the harvest season (2017). 
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Table 7: Marketable yield (ton/fed) as affected by planting dates, macro nutrients foliar spray and their 
interaction over both seasons 

Item at harvest 
After take away the losses 

30 days 60 days 90 days 120 days 
Planting dates (PD) 

1st April 13.823 12.903 12.312 12.049 11.671 
1st June 12.928 12.084 11.580 11.313 11.074 

1st August 10.765 10.178 9.675 9.424 9.257 
Foliar spray (FS) 

K 13.578 12.869 12.232 11.898 11.559 
Ca 12.645 11.985 11.507 11.240 10.943 
Mg 13.264 12.457 11.951 11.676 11.464 

Zero 10.537 9.659 9.148 8.964 8.780 
PD×FS interaction 

t Aprils1 
 

K 15.866 14.306 13.525 13.281 12.760 
Ca 14.049 13.134 12.656 12.368 11.931 
Mg 14.703 13.656 13.173 12.910 12.556 

Zero 11.880 10.577 9.970 9.723 9.499 

June st1 
 

K 14.261 13.155 12.513 12.159 11.887 
Ca 13.288 12.232 11.780 11.580 11.237 
Mg 13.588 12.674 12.177 11.872 11.699 

Zero 11.490 10.332 9.899 9.683 9.514 

st 1
August 

K 11.890 11.133 10.630 10.252 10.010 
Ca 11.588 10.575 10.086 9.785 9.645 
Mg 11.619 11.018 10.498 10.244 10.117 

Zero 9.097 8.033 7.556 7.454 7.296 

 
Obtained values shown in Table 8 and Fig. 10 indicated that the highest cash advantage (23773.46 

L.E.) was achieved from 2nd planting date interacting with potassium spray after 120 days storage 
period, followed by magnesium (23398.25 L.E.) and calcium (22473.57 L.E.) which higher than all the 
monetary values resulting from stored yield of the first planting date (1st April).  
 
Table 8: Monetary value advantage (thousand pounds /fed) as affected by planting dates and macro 

nutrients foliar spray interaction over the average of both seasons 

Item At harvest 
After take away the losses 

30 days 60 days 90 days 120 days 

1st April 
 

K 15866.0 14306.03 14877.75 17265.89 19140.08 

Ca 14049.0 13133.83 13922.04 16078.74 17895.93 

Mg 14703.0 13656.46 14490.33 16783.54 18833.97 

Zero 11880.0 10577.06 10967.10 12639.54 14248.19 

1st June 
 

K 15687.1 17101.69 18769.10 21886.94 23773.46 

Ca 14616.8 15901.90 17670.70 20843.23 22473.57 

Mg 14946.8 16476.59 18266.20 21368.93 23398.25 

Zero 12639.0 13431.52 14847.95 17430.16 19027.75 

1st August 

K 17835.0 20040.08 21259.94 20504.83 19018.16 

Ca 17382.0 19035.07 20171.51 19569.36 18324.95 

Mg 17428.5 19831.95 20996.14 20487.50 19222.74 

Zero 13645.5 14460.02 15112.95 14908.19 13862.54 

 
Results, also, cleared that the monetary value of yield on the first planting date decreases from the 

harvest time until 60 days of storage compared to other planting dates and then starts to increase by an 
amount to 108.8, 114.5, 114.2 and 106.4 % (at 90 days) and 120.6, 127.4, 128.1 and 119.9 %  (at 120 
days) more than its value at the time of harvest, i.e., Equivalent to 17265.9, 16078.7, 16783.5 and 
12639.5 L.E. at 90 days and 19140.0, 17895.9, 18833.97 and 14248.19 L.E. at 120 days using K, Ca, 
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Mg and control, respectively (Tables 8&9). The proportions and monetary values differed according to 
the yield quantity at the time of harvest. Therefore, it is recommended that do not sold off the stored 
yield of April planting date before 90 and 120 days in order to avoid the loss resulting from the sale 
after storage periods of 30 or 60 days. Moreover, it is also clearly noted that monetary value for stored 
yield of June planting increases with the increase of the storage period up to 120 days reaches to the 
highest cash value than all treatments and other dates after 120 days storage period.   

In contrast to the first planting date, the results show that the monetary value of the third planting 
period (August) increases gradually from the first storage period (30 days) to the maximum increase 
(21259.94 L.E.) at the end of the second storage period (60 days) under all spray treatments and then 
decreasing with increasing the storage period to 120 days without significant losses compared to no 
storage treatment. 

 

Fig. 10: Monetary value advantage (thousand pounds /fed) as affected by planting dates and nutrients 
foliar spray interaction over the average of both seasons 

 
For farmers interested in getting maximum income, spraying sweet potato planted on 2nd date with 

K and storage the harvested yield up to 120 days on-farm storage under naturally temperature would be 
the best treatment (gave 23.8 thousand pounds advantage as average of both seasons). While for farmers 
interested in getting high income and the highest yield at harvest time without storing the yield, the third 
planting date (August) using  K, Mg or Ca foliar spray would be recommended (gave 17.835, 17.429 
and 17.382 thousand pounds, respectably). As for farmers interested in getting high income and the 
highest yield at harvest time without any nutrients foliar spray or storing the yield, 3rd planting date 
also, would be  recommended (gave 13.645 thousand pounds) more than 2nd (12.639 thousand pounds 
) or 1st planting date (11.880 thousand pounds ).  

Again, the study showed that, sweet potato on-farm storage in is a viable and potentially highly 
profitable business in Egypt. We found that the longer the storage period (in case of 2nd planting date), 
the higher the monetary value of the venture where, it increases with the increase of the storage period 
up to 120 days (Table 8). The highest values obtained are 23773.46 L.E. using potassium foliar sprays, 
followed by magnesium (23398.25 L.E.) and calcium (22473.57 L.E.) which higher than all the 
monetary values resulting from stored yield of the first planting date (1st April). However, due to the 
present study, at the moment it is not possible to recommend storing sweet potatoes for more than 4 
months with planting at June and 8 weeks with planting at August using nutrients foliar spray where, in 
the 3rd planting date, the monetary value increases by increasing the storage period up to 60 days and 
then decreasing with increasing the storage period to 120 days without significant losses compared to 
no storage (the highest value obtained at 60 days under all treatments).   

Storing sweet potatoes for 8 weeks (Both June and August planting dates) would still represent a 
viable business which is not recommended in April plantings where the stored yield do not sold off 
before 90 and 120 days (the highest monetary value under all nutrient treatments over the corresponding 
treatments at harvest time by storing April planting up to 120 days) in order to avoid the loss resulting 
from the sale after storage periods of 30 or 60 days. At current market prices (2017 season), sweet 
potatoes are sold at about 1, 1.1 and 1.5 L.E./kg (Table 2) for planting of April, June and August, 
respectively during the peak harvesting season. Even when taking into account the highest storage cost, 
farmers will realize an impressive marginal profit per season by storing tuber roots for 16 weeks.  
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Table 9: Changes percentage of monetary value (MV) relative to both corresponding and the highest 
MV through storage periods at harvest time 

Item 

Changes of MV through storage periods 

Relative to corresponding treatment at 
harvest (%) 

Relative to the treatment of the highest 
MV at harvest time (%) 

30  
Days 

60  
days 

90  
days 

120 
 days 

30 
 days 

60  
days 

90  
Days 

120  
days 

1st April 
 

K 90.2 93.8 108.8 120.6 90.2 93.8 108.8 120.6 

Ca 93.5 99.1 114.5 127.4 82.8 87.8 101.3 112.7 

Mg 92.9 98.6 114.2 128.1 86.1 91.3 105.8 118.7 

Zero 89.0 92.3 106.4 119.9 66.7 69.1 79.7 89.8 

1st June 
 

K 109.0 119.7 139.5 151.6 107.8 118.3 137.9 149.8 

Ca 108.8 120.9 142.6 153.8 100.2 111.4 131.4 141.7 

Mg 110.2 122.2 142.9 156.5 103.9 115.1 134.7 147.5 

Zero 106.3 117.5 137.9 150.6 84.7 93.6 109.9 119.9 

1st August 

K 112.4 119.2 114.9 106.6 126.3 134.0 129.2 119.9 

Ca 109.5 116.1 112.6 105.4 119.9 127.1 123.3 115.5 

Mg 113.8 120.5 117.6 110.3 125.0 132.3 129.1 121.2 

Zero 105.9 110.8 109.3 101.6 91.1 95.3 93.9 87.4 

Red color: cautions sale    
Green color: The highest monetary value at the corresponding 

planting date 

The highest MV at harvest time: 
(K×April planting) 

 
4. Conclusion 

This study recommends planting sweet potato on the first of April or June dates and spraying with 
potassium, calcium and magnesium to obtain a high yield of tuberous roots, the return from it is 
determined by the market situation between supply and demand or planting in the third date (August) 
and spraying with the (k, Ca, and Mg ) to obtain relatively less production than the recommended 
planting date crop, but with a high cash return due to the lack of supply compared to previous dates and 
with a high storage capacity that enables the farmer control of marketing until reaching the appropriate 
return or creating new opportunities for export during this late period. 
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	ABSTRACT

	An agricultural field experiment was conducted during the two consecutive seasons of 2016 and 2017 in Kaha Vegetable Research Farm, Horticultural Research Institute, to study the effect of planting dates and spraying with some minerals on storage capacity and prolonging the marketing period for sweet potato (Ipomoea batatas, L.), cv. Menoufia 6. The experiment included 12 treatments, which are: Three planting dates as main treatments with four sub-treatments, i.e., foliar spraying with 2500 ppm potassium, 2000ppm calcium and 1500 ppm magnesium five times throughout the season. Results indicated that the first planting date (April) with potassium foliar spray gave the highest values of vegetative growth (plant length, number of branches, fresh and dry weight of canopy). The interaction between planting dates and nutrients foliar spray was positive on yield and its components (root length, number of roots, roots fresh weight, total yield/fed and marketable yield). First planting date with spraying of mineral nutrients recorded the highest values of both total and marketable yield of tuberous roots compared to the second and third planting dates, where the first planting date superiority followed by the second planting date and the third planting date in descending order, while the cash return was higher in the third planting date compared to the first and second planting dates due to the decrease in the supply of the crop during the harvest period. The results also indicate an increase in the chemical content in the tested plant samples (tuberous roots) in the three planting dates, and it seems that the accumulation of the chemical content inside the tuberous roots had a positive effect on the storage capacity of the tuberous roots for the three planting dates but this effect doubled with the decrease in temperature during the storage period on the third planting date, which recorded the lowest values in the percentage of loss in weight and in the percentage of decay, during the experimental seasons, and this may be due to the suitability of temperature and humidity during the months of storage and the interaction of this with the spraying with mineral elements that work on building and solids of the cell walls and resisting the changes resulting from the external environment. The economic study showed that, sweet potato on-farm storage in is a viable and potentially highly profitable business in Egypt. It was found that the longer the storage period (in case of 2nd planting date), the higher the monetary value of the venture where, it increases with the increase of the storage period up to 120 days. Storing sweet potatoes for 8 weeks (Both June and August planting dates) would still represent a viable business which is not recommended at April plantings in which the stored yield do not sold off before 90 and 120 days (the highest monetary value under all nutrient treatments over the corresponding treatments at harvest time by storing April planting up to 120 days) in order to avoid the loss resulting from the sale after storage periods of 30 or 60 days.
	Sweet potato (Ipomoea batatas L.) is a dicotyledonous root vegetable crop that belongs to the family Convolvulaceae and is the seventh important food crop after wheat, rice, corn, potatoes, barley and cassava in the world (El-Seifi et al., 2014). In Egypt, the area cultivated with sweet potato in Egypt 2018/2019 season is about 613 feddans, with a total production of 3762 ton/fed (Egyptian Ministry of Agriculture and Land Reclamation, 2019), it is a popular crop and is cultivated for the purpose of human food, animals fodder and industrial purposes, i.e., starch, sugar and ethanol (Byju and George., 2005). The main nutrients in sweet potato tubers are carbohydrates (15-28% starch and 3-6% Polysaccharides (Harvat et al., 1991). The sweet potato plant needs many studies that work to prolonging the period of crop displaying in the market without the occurrence of damage to the tuber roots and this requires studying the suitable planting dates for crop to appear in successive periods and also studying the nature of nutrition that works to increase the quality and increase the hardness of cells against external factors such as heat, moisture, light, pathogens, and internal factors such as low quality, internal decomposition and increased loss rate, and this requires studying the optimal storage methods that preserve the sweet potato crop for as long as possible.  Planting dates play an important role in the growth of plants and increase the productivity of vegetables and crops because of the availability of appropriate temperatures for growth and yield, which leads to an increase in the total return or profit due to the increase in productivity, or crops may be planted at close dates to the appropriate dates with the aim of high prices and return (Sandhu et al., 2014 and Dash et al., 2018). Potassium is an essential nutrient for plants that plays an important role in plant growth and development and in photosynthesis, increasing enzyme activity, improving carbohydrates, protein and fat synthesis, transporting sugars, and working on cell and tissue stiffness against pests and diseases (Dakhil et al., 2011). On the other hand, Calcium is one of the essential nutrients for plants and plays an important role in building the plasma membranes of plants as it contributes to maintaining the stability of the cell membrane and wall surlier (Marschner, 1995). The importance of both calcium and magnesium is due to the interaction with pectic acid and the formation of the middle plate in the plant, which increases the carrying capacity of the tuber roots to increase the storage of starchy materials (Helal and AbdEl-hady, 2015). Foliar application of nutrients has many advantages over ground addition and is more economical than soil application or root application due to the higher degree of nutrients applied, which makes the nutrients more efficient and may also overcome the problem of ground nutrient uptake (Blachinski et al., 1996). Recently, there has been much interest in foliar fertilization of vegetables and crops due to the high cost of soil fertilizers, and the availability of new formulations of compounds with high absorption efficiency for the plant (Hiller, 1995). Therefore, the objective of this work was to study impact of planting dates and spraying with some macro elements on growth, yield, storage capacity and shelf life (prolonging the period of crop displaying in the market) of sweet potato.
	2. Materials and Methods
	A field experiment was conducted during two agricultural seasons of 2016 and 2017 at the Vegetable Research Farm of Kaha, Horticultural Research Institute, Agricultural Research Center, Giza Governorate, Egypt, under the conditions of clay soil, to study the effect of planting dates and spraying with some macro elements on growth, yield, storage capacity and shelf life (prolonging the period of crop displaying in the market) of sweet potato (Ipomoea batatas, L .) cv. Menoufia 6.
	2.1. Experimental Design: 
	The experiment was distributed in the split-plot system with three replicates.  Each experimental plot consisted of five ridges (5 m length x 0.75 m wide) and the area of the experimental unit was 18.75m2, whereas; one ridge was left without planting as a guard ridge between plots to avoid the interference of various treatments. The cultivation was done by stems cuttings at three planting dates, i.e. 1st April, 1st June and 1st August of both 2016 and 2017.  The harvest took place after 130 days of planting for all the tested dates. The experiment included 12 treatments (three planting dates × four foliar feedings. The treatments were arranged at a split plot with three replicates as follows.
	a) Planting dates in main-plot as:
	            1st April, 1st June and 1st August of both seasons
	b) Foliar feeding with fertilizer elements in sub-plot as:
	1. Potassium sulfate (48% potassium) at a concentration of 2500 ppm K2O
	2. Magnesium sulfate (10% magnesium) at a concentration of 1500 ppm Mg
	3. Calcium nitrate (17% calcium) at a concentration of 2000 ppm Ca
	4. Control treatment (tap water).
	The plants were sprayed 5 times, where the first treatment started in the 5th week after sowing and repeated each 15 days interval until the 13th week. All the treatments were fertilized with the recommendation rates of NPK, Calcium superphosphate (15.5% P2O5) was added once before planting as a source of phosphorus. Both ammonium nitrate (33.5% N, as nitrogen source) and potassium sulphate (48% K2O, as a source of potassium) were applied in four constant doses (the extra nitrogen applied in the Ca treatment was balanced by reducing the ammonium nitrate application at side dressing). The other cultural practices were applied according to the recommendations of the Egyptian Agricultural Ministry for all treatments. Soil samples analyses were carried out according to the procedures described by Jackson, (1973) and the average of the obtained data are shown in Table 1.
	Table 1: Physical and chemical properties of the experimental soil.
	2.2. Recorded data
	2.2.1. Vegetative growth parameters:
	Measurements of vegetative growth were taken after 100 days of planting. Five plants were randomly selected to determine the average plant height, number of branches, fresh and dry weight of the plant
	2.2.2. Yield and its components: 
	At harvest date (130 days of planting), crop samples were randomly taken up to record root length, number of roots, average fresh weight of root, fresh weight of roots per plant, Total yield (ton/fed), marketable yield and non-marketable crop.
	2.2.3. Chemical constituents: 
	 Total nitrogen was determined according to the modified Kjeldahl method by Horneck and Miller (1998).
	 Phosphorous was determined according to Watanabe and Olsen (1965) method.
	 Potassium percentage was determined using the Flame Photometer according to Brown and Lilleland (1946).
	 Ca and Mg were determined by atomic absorption spectrophotometer according to A.O.A.C. (1990).
	 Total protein was calculated by a conversion factor (N × 6.25) as described by Pregl (1945).
	 
	2.2.4. Curing of tubers:
	At the time of harvest, 15 kg tuberous roots were taken from each treatment after cleaning of the suspended soil, all roots were sorted and damaged roots were disposed. The curing was carried out by laying out the tubers carefully and allowing them dry for 10 days to 2 weeks in a warm location (26 to 29 ˚C) with a humidity level of 80-90 percent. Fresh weight data were taken after curing.
	2.2.5. Tubers storability 
	The roots were packed into perforated numbered bags and stored in a complete random way in three replications for 4 months (120 days). All treatments were stored in a prepared warehouse, in which the complete cleanliness of pathogens and insects at normal room temperature so that there is free flow of air through the tubers to minimize heat buildup which can result into soft rots. All the replicates were checked every month to calculate the percentage of weight loss at 30, 60, 90, 120 days of storage as well as decay percentage as average of all storage period, in both seasons. 
	Weight loss percentage was estimated by to the following equation:
	 The percentage of decayed roots in relation to the total number of roots was calculated according to the following formula:
	Table 2: Sweet potato market price in Egypt at different harvest times of the three planting dates (PD) and after storage periods (SP), 2017 
	2.4. Statistical analysis:
	All recorded data were subjected to analysis of variance procedures and treatment means were compared with L.S.D. as described by Gomez and Gomez (1984). Statistical analysis was performed by MSTATC version 4 computer program.
	3. Results and Discussion
	3.1.1. Effect of planting dates:
	The results illustrated in Fig. 1 indicate that the planting dates positively affected the studied vegetative growth characteristics (plant height, number of branches, fresh and dry weight of the plant) as the first planting date at 1st April recorded significantly the highest values for all vegetative traits followed by the 2nd date (1st June) and 1st Agust (third date), in descending during the study seasons.
	3.1.2. Effect of foliar spraying:
	The results presented in Fig. 2 show that the vegetative growth characteristics (plant height, number of branches, fresh and dry weight of plant) were strongly influenced by foliar spraying with some elements.
	Potassium foliar spray surpassed the other treatments in all the studied traits during the two seasons of study  except for the plant height and the fresh weight of the canopy in which the foliar spray with the calcium element was the highest effect with no significant differences between K, Ca and Mg for fresh weight of canopy in 1st season and between K and Ca for both plant length and fresh weight of canopy in 2nd season, while the control treatment recorded the lowest values obtained in all the studied vegetative growth characteristics during the two study seasons.
	 
	3.1.3. Effect of the interaction:
	The results shown in Table 3 indicate that the vegetative growth characteristics were positively affected by the interaction of three planting dates and foliar spraying with each of potassium, calcium and magnesium and this led to a positive interaction and significant differences between the treatments. The foliar spray with the potassium element interacted with 1st planting date led to significant differences and clear superiority over the rest of the other factors and the same effect was observed during the three dates, while calcium foliar spray showing an increase in most of the vegetative growth characteristics compared to magnesium foliar spray during the three planting dates, which recorded significant values, but they were less compared to potassium and calcium. The control treatment recorded the lowest values obtained in all of these characteristics during the three appointments throughout the study years. 
	The increase in growth during the first and second dates due to the compatibility of climatic factors (temperature and humidity) may be due to the optimum temperature for the cultivation process and the beginning of growth, while the relatively low growth may be due in the third season due to high temperatures at the beginning of the plant’s life and lower temperatures at the end of the plant’s life. These results are consistent with the results obtained by Nisha, (2020). The increase in the characteristics of green growth may be attributed to the main role of calcium, as it is a necessary nutrient in plants and participates in many physiological processes inside the plant. These results agreement with Mengel and Kirkby (2001) who mentioned that calcium has an important role within the plant as it works to stabilize cells and El-Hadidi., et al. (2017) stated that the foliar spray on the sweet potato plant with calcium gave the highest values of the vegetative growth parameters and this shows the importance of providing plants with calcium to improve vegetative growth and may be due to absorbing nutrients and improving the growth process.
	Table 3: Vegetative growth characters of sweet potato plants as affected by planting date and macro-nutrients foliar spray interaction. 
	The increase in the vegetative growth characteristics of plants that have been sprayed with potassium may be attributed to the effective role of potassium in feeding plants, as it enhances the activity of enzymes and increases the speed of interaction and has a major role in the process of respiration and activation of the cytoplasm. It may also be due to the positive role of potassium in the representation of nitrogenous compounds and the conversion of amino acids into proteins through its entry into the formation of the peptide bond or due to its indirect role in helping the iron element to play its role in the formation of chlorophyll, which is the basis of the photosynthesis process in plants (Sangakkara et al., 2000). The results are agreement with Romheld and Kirkby (2010) and Marschner (2012) who mentioned that potassium K plays an important role in regulating water and gas exchange and carbon dioxide uptake, increases osmotic pressure and the level of swelling in plant cells and works to increase the surface of roots and increase absorption in plants.
	 
	3.2.1. Effect of planting dates:
	Fig. 3 shows that the yield and its components (root length, number of roots, average fresh weight of the root, roots fresh weight per plant, total yield per feddan, marketable yield, and non-marketable yield) have a significant effect on the different three planting dates (1st April date, 1st June and 1st August) and the first planting date surpassed the rest of the other dates followed by the second one (1st June) and the 3rd one (early August) in descending order during both seasons.
	3.2.2. Effect of foliar spray: 
	The results presented in Fig. 4 indicate that foliar spraying with (potassium, calcium, and magnesium) resulted in significant differences in most of the yield characteristics and its components (root length, number of roots, average of root fresh weight, fresh weight of roots per plant and total yield per feddan as well as both Marketable and non-marketable yield/fed) compared to the control treatment which recorded the lowest values in all the characteristics of the yield and its components. Spraying plants with potassium element led to desirable an increase in most of the characteristics of yield traits, followed by calcium, magnesium and control in descending order for each of root length, number of roots per plant and roots weight per plant in both seasons as well as average root weight, total roots yield and marketable yield in 1st season.   
	Fig. 3: Yield and its components of sweet potato plants as affected by planting dates 
	Fig. 4: Yield and its components of sweet potato plants as affected by nutrients foliar spray
	3.2.3. Effect of the interaction:
	Results presented in Table 4 indicate that the combination of planting dates and foliar spray with nutrients (potassium, calcium and magnesium) led to a significantly desirable interaction in all the characteristics of yield and its components at both seasons except number of roots/plant in 2nd season. Foliar spray with potassium resulted in a significant increase and a clear superiority over other treatments for all traits compared to the control during the three planting dates in the two agricultural seasons, except root length (1st PD) and both total yield and marketable yield in 1st and 3rd PD in which magnesium spray was superior than potassium spray with slightly differences between both treatments. Increases of the roots yield during the first and second dates may be attributed to the availability of a suitable climate of temperature and humidity during the period of plant growth, which led to the formation of a strong vegetative group that contributed to the activation of the photosynthesis process and the formation of an excess of carbohydrates over the plant’s need.
	Table 4: Yield and its components of sweet potato plants as affected by planting date and macro nutrients foliar spray interaction.
	Increase the total yield and improve the quality characteristics are agreed with Martin (1987), Mishra et al. (2019) and Allolli et al (2011). They stated that vegetative growth was obtained above the soil surface and the highest yield was obtained from the tuberous roots of the plants that were planted on July 30th, this may be due to the compatibility of climatic conditions with needs of sweet potato plants. On the other hand, increase of total sweet potato production can be attributed to the foliar fertilization of potassium, magnesium and calcium positive interaction between them led to an increase in the efficiency of photosynthetic pigments which increase the vegetative growth, increase carbohydrates and their accumulation in the tuber roots, and improve the characteristics of the crop and its components. Similar results were reported by Gowda et al. (1990), Mishra et al. (1992), El-Denary (1998), George et al. (2002), Talukder et al. (2009), El-Sawy (2011) and El-Hadidi, et al. (2017). They found that the foliar spray with the element of magnesium increased the yield of tubers and the total yield per feddan, this may be because of the magnesium enhances the chlorophyll concentration and increases leaf area and number of leaves, and this increases production and total yield. It may be due to the role of potassium, calcium and magnesium inside the plant, where potassium activates enzymes and carries energy and has a relationship with the formation of carbohydrates in the plant and has a fundamental role in transporting compounds to their storage places and that calcium works to regulate the implementation of membranes, regulate the metabolism process, and control respiration. Magnesium stimulates nutrient absorption and carbohydrate formation and accelerates enzymatic processes (Byju and George, 2005). 
	3.3.1. Effect of planting dates:
	Data illustrated in Fig. 5 shows that the chemical content of potato plants recorded significant differences among planting dates (1st April, 1st June and 1st August) and this was positively reflected on the chemical components of the roots. Early April surpassed the other planting dates, followed by June and August, in descending order for chemical contents of the sweet potato roots, during the two study seasons.
	Fig. 5: Chemical Contents of sweet potato roots as affected by planting dates
	3.3.2. The effect of foliar spray: 
	The results (Fig. 6) indicate that spraying plants with potassium, calcium and magnesium resulted in significant differences for most characteristics of the chemical content in the roots of the tested plants, as the content of elements (nitrogen, phosphorous and potassium, as well as protein) increased when plants treated with potassium foliar spray, and recorded the highest values obtained in most of the tested chemical characteristics during the different planting dates in the agricultural seasons, while the treatment of plants with foliar spraying with the element calcium and magnesium recorded the highest  significant increase in the calcium and magnesium content of roots, respectively.
	3.3.3. Interaction effect: 
	The results presented in Table 5 indicate that the interaction between foliar spraying with fertilizer elements (potassium, calcium and magnesium) and planting potato plants at three different dates resulted in significant differences in the content of potato roots of the nutrients. Potassium spray was superior to other foliar spray nutrients where the plants recorded the highest values for N, P, K and protein under the three planting dates during the two seasons. 
	Fig. 6: Chemical contents of sweet potato roots as affected by macro nutrients foliar spray
	Table 5: Chemical contents of sweet potato roots as affected by planting date and macro nutrients foliar spray interaction.
	First of  April planting interacted with Potassium spray exhibited the highest contents. These results are in agreement with those reported by Sandhu et al. (2014) and Dash et al. (2018). The planting dates had a significant effect on the chemical content of the tuberous  roots, and this may be due to the interaction of the elements with the planting dates, especially the first and second dates with the organic compounds inside the plant and the increase in their content in plant tissues, this may be due to the improvement in environmental conditions resulting from the appropriate climate for agricultural dates and the improvement of nutrient absorption from the soil, as this resulted in an increase in the content of the tuber roots of the mineral elements (N, P, K, Ca, Mg and protein). Mansour and Abu El-Fotoh (2018) mentioned that there are significant differences in the content of potato plants from the chemical elements due to the different planting dates. The increase in the content of the tuber roots of the mineral elements may be attributed to the common interaction resulting from spraying with nutrients between potassium, calcium and magnesium where the content of nitrogen, phosphorous, potassium, calcium and magnesium increased. 
	Also, Ozgen et al. (2006), Hamdi et al. (2015), Hilal and AbdEl-hadi (2015) and El-Hadidi, et al. (2017) stated that the foliar spray with both Calcium and magnesium led to the presence of a common positive reaction on the starch and protein content and a significant increase in the concentrations of N, Ca and Mg in leaves and tubers and increasing roots mineral elements of N, P, K, Ca and Mg due to the foliar application of potassium, calcium, and magnesium to improve the absorption of elements and increase their content within the plant and to play their role in all biological, physiological and biochemical processes. 
	3.4. Storage of tuber roots
	3.4.1. Effect of planting dates:
	Figure 7 shows that the storage periods were significantly influenced by the different planting dates except 90 days of April planting in which insignificant differences among the three planting dates. 3rd date (early August) recorded the lowest percentage loss in weight and decay followed by 2nd date (June planting) and early April in both seasons. In this regard, the third planting date recorded the lowest values in the percentage of loss, followed by the second planting date, followed by the first planting date in descending order.
	Fig. 7: Storage periods of sweet potato roots as affected by planting dates (PD) in average of both seasons.
	3.4.2. Effect of foliar spray.
	The results illustrated in Fig. 8 indicate that there are significant differences among the three spraying treatments. Control treatment recorded the highest values obtained in the percentage of loss or in the proportion of decay compared to other treatments that were subject to the foliar application of potassium, calcium or magnesium, and the desirable lowest values were obtained with calcium spray followed by magnesium or potassium alike with no significant differences between (K and Ca), (K and Mg) and (Ca and Mg) at 30, 60 and 120 days for weight loss percentage, respectively in both seasons as well as (K and Mg) for weight loss percentage at 90 days and decay in 1st and 2nd season, respectively. whether the spraying any element led to positive effects in reducing the percentages of weight loss and decay in tuber roots stored in the room (natural) temperature and humidity for four consecutive months compared to the control treatment that recorded the highest values in the loss percentage during the storage periods during the two studied seasons. 
	Fig. 8: Storage periods of sweet potato roots as affected by macro nutrient foliar spray in the two seasons and average of both seasons.
	3.4.3. Interaction effect: 
	The results presented in Table 6 and Fig. 9 show that planting dates interacted with foliar spraying with each of potassium, calcium and magnesium led to significant differences through the different storage periods, where calcium foliar spray (over all storage periods) resulted in the lowest percentage of weight loss and decay in 2nd (June) and 3rd (August) planting date, respectively compared to the rest of other treatments followed by Ca treatment interacted with 1st date in 90 days storage period of both seasons with no significant differences between Ca and Mg foliar spray interacted with any planting date and among the three nutrients interacted with 2nd planting date at 120 days storage period of both seasons. On the contrary, the greatest weight loss and decay percentage of tubers were obtained in untreated control. The positive effect of K, Ca and Mg and its combinations treatments on sweet potato roots yield components could be interpreted by multiple physiological functions to each element (El-Zohiri and Youssef, 2015). 
	Table 6: Weight loss and decay percentage of sweet potato as affected by planting date and macro nutrients foliar spray interaction in both seasons
	Fig. 9: Storage periods of sweet potato roots as affected by macro nutrient foliar spray in the two seasons and average of both seasons.
	The increased storability of the tubers roots for storage may be due to the withstand of the roots to endure storage conditions due to the foliar spraying with the necessary elements such as calcium and magnesium, the occurrence of a interaction with pectic acid and the formation of calcium and magnesium pactites that work to stick cellulose chains together during the work of the cell walls, which leads to the preservation of the content of the compounds organic and moisture inside the roots and control of respiration. These results are in agreed with Marschner (2013), Graham (1983) and Banerjee et al. )2014). They mentioned that calcium has a major role in regulating metabolism, controlling respiration, mitigating the impact of environmental stresses and reducing the production of ethylene in plants.
	3.5. Economic study for sweet potato storage:
	Obtained data concerned with the effect of planting dates, nutrients foliar spray and their interaction on storage of marketable yield of sweet potato (Table 7, 8, 9) and illustrated in Fig. 7,8, 9 revealed that marketable yield/fed have a significant effect with the different three planting dates (1st April date, 1st June and 1st August) and the first planting date surpassed the rest of the other dates followed by 1st June and early August in descending order during both seasons. On the other hand, foliar spraying with (potassium, calcium, and magnesium) resulted in significant differences in Marketable yield/fed compared to the control treatment which recorded the lowest values as discussed previously in Fig.4. Spraying plants with potassium element led to desirable an increase yield trait, followed by calcium, magnesium and control in descending order at harvest and all storage periods after takeaway the losses. As for the interaction effects, the combination of planting dates and foliar spray with nutrients led to a significantly desirable interaction in yield at both seasons. Foliar spray with potassium interacted with April planting date resulted in a significant increase and a clear superiority over other treatments, followed by calcium and magnesium compared to the control at harvest time and through the four storage periods during the three planting dates over two seasons. It is desirable to analyze the economic viability of storage on monetary basis following Gomez and Gomez (1984) formula. Monetary values of the marketable yield of sweet potato were calculated according to their market price (locally farmers price) as showing in Table 2, where the market prices different from month to other, in locally market for wholesale at the beginning of the harvest season (2017).
	Table 7: Marketable yield (ton/fed) as affected by planting dates, macro nutrients foliar spray and their interaction over both seasons
	Obtained values shown in Table 8 and Fig. 10 indicated that the highest cash advantage (23773.46 L.E.) was achieved from 2nd planting date interacting with potassium spray after 120 days storage period, followed by magnesium (23398.25 L.E.) and calcium (22473.57 L.E.) which higher than all the monetary values resulting from stored yield of the first planting date (1st April). 
	Table 8: Monetary value advantage (thousand pounds /fed) as affected by planting dates and macro nutrients foliar spray interaction over the average of both seasons
	Results, also, cleared that the monetary value of yield on the first planting date decreases from the harvest time until 60 days of storage compared to other planting dates and then starts to increase by an amount to 108.8, 114.5, 114.2 and 106.4 % (at 90 days) and 120.6, 127.4, 128.1 and 119.9 %  (at 120 days) more than its value at the time of harvest, i.e., Equivalent to 17265.9, 16078.7, 16783.5 and 12639.5 L.E. at 90 days and 19140.0, 17895.9, 18833.97 and 14248.19 L.E. at 120 days using K, Ca, Mg and control, respectively (Tables 8&9). The proportions and monetary values differed according to the yield quantity at the time of harvest. Therefore, it is recommended that do not sold off the stored yield of April planting date before 90 and 120 days in order to avoid the loss resulting from the sale after storage periods of 30 or 60 days. Moreover, it is also clearly noted that monetary value for stored yield of June planting increases with the increase of the storage period up to 120 days reaches to the highest cash value than all treatments and other dates after 120 days storage period.  
	In contrast to the first planting date, the results show that the monetary value of the third planting period (August) increases gradually from the first storage period (30 days) to the maximum increase (21259.94 L.E.) at the end of the second storage period (60 days) under all spray treatments and then decreasing with increasing the storage period to 120 days without significant losses compared to no storage treatment.
	For farmers interested in getting maximum income, spraying sweet potato planted on 2nd date with K and storage the harvested yield up to 120 days on-farm storage under naturally temperature would be the best treatment (gave 23.8 thousand pounds advantage as average of both seasons). While for farmers interested in getting high income and the highest yield at harvest time without storing the yield, the third planting date (August) using  K, Mg or Ca foliar spray would be recommended (gave 17.835, 17.429 and 17.382 thousand pounds, respectably). As for farmers interested in getting high income and the highest yield at harvest time without any nutrients foliar spray or storing the yield, 3rd planting date also, would be  recommended (gave 13.645 thousand pounds) more than 2nd (12.639 thousand pounds ) or 1st planting date (11.880 thousand pounds ). 
	Again, the study showed that, sweet potato on-farm storage in is a viable and potentially highly profitable business in Egypt. We found that the longer the storage period (in case of 2nd planting date), the higher the monetary value of the venture where, it increases with the increase of the storage period up to 120 days (Table 8). The highest values obtained are 23773.46 L.E. using potassium foliar sprays, followed by magnesium (23398.25 L.E.) and calcium (22473.57 L.E.) which higher than all the monetary values resulting from stored yield of the first planting date (1st April). However, due to the present study, at the moment it is not possible to recommend storing sweet potatoes for more than 4 months with planting at June and 8 weeks with planting at August using nutrients foliar spray where, in the 3rd planting date, the monetary value increases by increasing the storage period up to 60 days and then decreasing with increasing the storage period to 120 days without significant losses compared to no storage (the highest value obtained at 60 days under all treatments).  
	Storing sweet potatoes for 8 weeks (Both June and August planting dates) would still represent a viable business which is not recommended in April plantings where the stored yield do not sold off before 90 and 120 days (the highest monetary value under all nutrient treatments over the corresponding treatments at harvest time by storing April planting up to 120 days) in order to avoid the loss resulting from the sale after storage periods of 30 or 60 days. At current market prices (2017 season), sweet potatoes are sold at about 1, 1.1 and 1.5 L.E./kg (Table 2) for planting of April, June and August, respectively during the peak harvesting season. Even when taking into account the highest storage cost, farmers will realize an impressive marginal profit per season by storing tuber roots for 16 weeks. 
	Table 9: Changes percentage of monetary value (MV) relative to both corresponding and the highest MV through storage periods at harvest time
	4. Conclusion
	This study recommends planting sweet potato on the first of April or June dates and spraying with potassium, calcium and magnesium to obtain a high yield of tuberous roots, the return from it is determined by the market situation between supply and demand or planting in the third date (August) and spraying with the (k, Ca, and Mg ) to obtain relatively less production than the recommended planting date crop, but with a high cash return due to the lack of supply compared to previous dates and with a high storage capacity that enables the farmer control of marketing until reaching the appropriate return or creating new opportunities for export during this late period.
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