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ABSTRACT 

A field experiment was carried out during the two successive  

summer  seasons of 2019 and 2020 in a Private Farm at Meet Faris 

Village, Dekarns, District  Dakhlia  Governorate, Egypt to study the 

effect of irrigation intervals  (15 and 30 days) and  some  soil 

application treatments  (humic acid at 20 kg /fad. and fulvic acid at 10 

kg/fad.) and foliar  application treatments (without,  trehalose at 1 g/l,  

potassium silicate at 1ml/l and algae extract at 1g/l)  on growth, plant 

water relationships,  yield and its components as well as  tuber roots 

quality of sweet potato plants cv. Beauregard grown  under clay soil 

conditions  using  follow  irrigation system .  

The obtained results showed that,  the interaction  treatment between 

irrigation sweet potato plants cv Beauregard grown in clay soil 

during summer seasons conditions every 15 or 30 days and treated 

plants with fulvic acid  at 10 kg /fad. as soil application  + spraying  

with  potassium silicate  at 1 ml/l  increased main vine  length , both 

fresh and dry weight of shoots/ plant, average tuber root weight , total 

yield/fad.  and K contents  in tuber roots.  In addition, the interaction 

between   irrigation every 15 and treating with fulvic acid at 10 kg 

/fad. as soil application+ foliar spray with potassium silicate at 1 ml/l 

increased number of branches/plant, marketable yield  and total 

carbohydrates  in tuber roots. Also  the  plants  grown under the same 

irrigation intervals (every 15 days)  and treating with fulvic acid  at 

10 kg /fad.+  spraying with trehalose at 1 g/l  significantly increased 

total , free water  in leaf  tissues  , however  , the interaction between  

irrigation  every 15 days intervals  and treating with  fulvic acid  at  

10 kg /fad. as soil application+  spraying with  algae extract  at 1 g/l 

increased N and P in shoots and tuber roots as well as  tuber root 

diameter.  On the other hand,  the interaction between irrigation every 

30 days  and treated plants  with FA at 10 kg /fad.+ spraying  with 
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potassium silicate  at 1 ml/l  increased  K contents in shoots , tuber 

root length and dry matter contents in tuber roots. The interaction 

between irrigation every 30 days  and treating with  humic acid only 

at 20 kg /fad increased  bound water (%) , osmotic pressure  and 

proline amino acid  in leaves  of sweet potato in both growing seasons  

Conclusively, it could be concluded that, irrigation sweet 

potato plants grown in clay soil during summer seasons every 15 or 

30 days  and treated plants with  fulvic acid  at 10 kg /fad. soil 

application + spraying with  potassium silicate  at 1 ml/l or  with 

algae extract  or  trehalose at 1 g/l of each to obtain high  productivity  

and  best  tuber root quality.  

Keywords: Sweet potato, irrigation intervals, humic & fulvic acid, 

trehalose, potassium silicate, growth, plant water.   

 

INTRODUCTION 

Sweet potato (Ipomoea batatas (L.) Lam.) is considered as one of the 

very important crops in tropical and subtropical regions as well as in 

developing countries. Its chief use is for human consumption and for starch 

manufacturing. Its roots and leaves have high nutritious value. So, the same 

plant produces two useful food types; namely, tuberous roots and green tops 

which can be used for human and animal feeding, respectively. 

Agriculture in Egypt is almost entirely dependent on irrigation from 

River Nile, although there are minor contributions from groundwater. The 

average consumption of water for agriculture is about 58 billion m
3
year

-1
. 

Agriculture has major disadvantages over other water-consumed activities 

(industry, domestic and tourism etc.) due to a large percentage of irrecoverable 

losses because of high rates of evaporation and evapotranspiration. In order to 

mitigate such this difficulty, agriculture has to come up with innovative ideas 

with respect to both cropping and irrigation water management to improve 

water productivity and to accomplish agriculture sustainability concepts. 

Excessive permeability and low water and nutrient holding capacities are the 

major problems in soils (Suganya and Sivasamy, 2006). Hence, managing 

irrigation water and plant nutrients are the major challenge of soil amelioration 

efforts. Since, insufficient irrigation water results of high soil moisture tension, 

which fall plant under stress and, in turn, reduce its yield. While, excess 

irrigation water may reduce crop yield due to leaching of applied nutrients, 

increased disease incidence and/or failure to stimulate growth of the 

commercially valuable parts of the plant (Solomon, 1993).  
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The shortest irrigation intervals or increasing water  quantity  gave the 

best results for enhancing  growth,  yield and  quality than the longest irrigation 

intervals or reduced  water qualities, in this  regard (Thompson et al., 1992, 

Abdel -Fattah et al., 2002, Ekanayake and Collins, 2004, Ayoub 2005, Abou 

El-Khair et al., 2011,  Yooyongwech et al., 2013 , Saqib  et al. 2017 , Abu El-

Fotoh et al., 2019  on sweet  potato  and   Mahmoud  et al., 2019  on potato). 

Fulvic acid is a bi-product of humic acid. Humic acid is extracted from 

any material containing well-decomposed organic matter - soil, coal, composts, 

etc. As humic material is decomposed by living microbes, these microbes 

create the most biologically complex organic compound, Fulvic acid. Fulvic 

acid is low molecular weight and is biologically very active. Because of its low 

molecular weight, it has the necessity and ability to readily bond minerals and 

elements into its molecular structure causing them to dissolve and become 

mobilized Fulvic complexes (Brady and Weil, 2008).  

Several studies showed that application of fulvic and humic acids 

increased the growth and enhanced crop quality and quality for various 

cultivated crops, (Bryan and Stark, 2003 on potato, Shankle et al., 2004 on 

sweet potato, Verlinden et al., 2009, Selim et al., 2010  on potato , Saif El-Deen 

et al., 2011 and Abd- All  et al., 2017  on sweet potato and Abd El-Baky et al. 

2020 on okra).   

Trehalose  is one of organic solutes, a non-reducing disaccharide of 

glucose, that has a very useful effect as an osmoprotectant in many crops 

(Sadak  et al., 2019).Trehalose is also,  a very vital sugar which has been shown 

to be a potential mitigating agent against different abiotic stresses (Yang et al., 

2014). It functions as a compatible solute and plays an important role in 

stabilizing of macromolecules under stress conditions (Shafiq et al. 2015). 

Also, it is imperative to improve drought tolerance of economic cash crops and 

vegetables under the changing environmental conditions. A range of 

mechanisms (physiological, biochemical and molecular) used by plants to 

tolerate water stress (Ashraf 2010). 

Spraying plants with trehalose enhancing plant growth, yield and quality 

of some plants such as (Alam et al., 2014 on Brassica species, Shafiq et al., 

2015 and Akram et al., 2016 on radish, Khater et al., 2018 on cowpea and 

Wang  et al., 2019 on sweet potato).   

Algae are natural bio active materials rich in minerals, protein, lipids, 

carbohydrates, vitamins and microelements (B, Mo, Zn, Cu). In addition, 

seaweed fertilizer aunique combination of N, P, K, trace elements and simple 

sugar that are in dissolved forms that are easily absorbed through roots and 
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leaves, besides releasing trace elements bound to the soil and it is safe to 

human, animals and the environment (Sathya et al., 2010). 

The beneficial effect of algae extract spraying on plants was 

demonstrated in terms of increase in growth , yield and tuber quality (Blunden 

and Paul, 2006,  Sarhan, 2011, Haider et al. 2012 on potato, Doss et al. ,2015 

on sweet potato Prajapati, 2016 on potato, Mahmoud et al., 2018 on sweet 

potato,  Abd-Elatif and Ismaiel, 2019  on cassava , Issa et al., 2019 and  

Dziugieł,  Wadas, 2020 on potato). 

The positive effect of potassium silicate might be due to the contained 

soluble potassium and silicon, potassium which plays a role in several of the 

essential regulatory functions in the plant (Abou-Baker et al., 2011). As well as, 

potassium plays an essential position in plant under biological and non- 

biological stresses (Marschner, 2012). As for silicon sources like potassium 

silicate K2SiO3 is considered as a crucial beneficial mineral serving growth and 

maturity of plants (Epstein, 1999). Also, it reduces the multiple stresses of 

plants by conserving water in the plant, photosynthetic activity, stomatal 

conductance and leaf erectness under high transpiration rates (Das et al., 2017). 

Foliar spray with  potassium silicate increased  plant growth, N,P and K 

contents in  leaves ,  yield and its components  as  well as  quality (Salim et al., 

2014, on potato  Abd- All et al., 2017 on sweet potato ,  Abd El-Gawad  et al., 

2017, Mahmoud  et al., 2019, Shaheen et al., 2019 on potato).  

Therefore, the present study was planned to evaluate the suitable  

irrigation intervals, soil amendments materials and some  foliar spray 

treatments on growth,  plant water relationship and yield  and its components as 

well as  tuber roots nutritional status  of   sweet potato plants  using  flood  

irrigation system  under clay soil  conditions. 
 

MATERIALS AND METHODS 

 

Two field experiment was carried out during the two successive  

summer  seasons of 2019 and 2020 in a Private Farm at Meet Faris Village, 

Dekarns, District Dakhlia Governorate, Egypt, to study the effect of 

irrigation intervals  and  some soil and  foliar treatments on growth, plant 

water relationships, tuber roots yield and quality of  sweet potato under  clay  

soil conditions  using  flood  irrigation system.  

The physical and chemical analyses of the experimental soil are 

presented in Table A. 

This experiment included 16 treatments, which were the combinations 

between  two irrigation intervals and eight soil and foliar application treatments  
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Table A: The physical and chemical properties of the experimental soil          

Soil properties  2019 season  2020 season  

Physical properties  

  Sand (%) 

Silt   (%) 

Clay (%) 

O.M (%) 

 

22.46 

23.50 

52.91 

1.89 

 

21.63 

23.78 

56.76 

1.92 

Chemical properties   

pH 7.74 7.51 

Total N (%) 0.17 0.16 

Available P2O5 (%) 0.033 0.037 

Available K2O (%) 0.54 0.52 

OM: Organic matter , Total N: Total nitrogen  

 

as follows: Irrigation intervals: every 15 and 30 days. Soil and foliar application 

treatments: Humic acid (HA) as soil application at 20 kg /fad. only,   

HA  as soil application at 20 kg /fad.  and spraying with  trehalose  at 1g / l, HA  

as soil application at 20 kg /fad.,  and spraying with  potassium silicate (KSi) at  

1 ml/l,   HA  as soil application at 20 kg /fad.  and spraying with  algae   at 1 g/l,   

Fulvic acid (FA)  as soil application at 10 kg /fad. only, FA  as soil application 

at 10 kg /fad.  and spraying with  trehalose  at 1g / l,   FA  as soil application at 

10 kg /fad.  and spraying with  KSi   at 1 ml/l, FA  as soil application at 10 kg 

/fad.  and spraying with  algae   at 1 g/l. 

These treatments were arranged in a split plot design with three 

replicates. The irrigation intervals  were arranged in the main plots and  soil and 

foliar application treatments were randomly distributed in the sub plots. 

Trehalose (C12 H22 O11) was obtained from Sigma chemical Co. USA. 

potassium silicate   (10 % K2O) was obtained  by Technogene group, Soliman 

Gohar Square, Dokki, Giza, Egypt. Algae  extract was produced at the Algae 

Production Station of the National Research Centre (NRC, Giza, Egypt) . 

Major components of algae  extract  is  shown in Table, B. 

The experimental unit area was 21 m
2
. (Three ridges, each 0.7 m width 

and 10 m long). One ridge was used for taking samples to measure the 

morphological and physiological traits and the other two ridges were used for 

yield determinations.   

Beauregard cultivar stem cuttings about 20 cm lengths were transplanted 

at 25 cm apart, on April 25
th
 and 29

th
 in the 1

st
 and the 2

nd
 seasons, respectively.  

The source of stem cuttings was El-Baramon Hort. Res. Station, Dakhlyia 

Governorate, Egypt. 
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Table (B). Major constituents  of the used algae extract   

 Constituents 

(D.W) 

(%) Macronutrients  

(%) 

Micronutrients (ppm) 

Crude protein  50.56 N 8.09 Fe 2057 

Ether extract  7.39 P 2.69 Zn 722 

Crude fiber 9.83 K 0.65 Mn 747 

Ash 9.18  Cu 93 

Moisture  4.51   

        

Irrigation was started on 5
th
 May, and ended 1

st
 October (15 days before 

harvesting) in both seasons. Humic and fulvic acids were added as soil 

application, during planting of stem cuttings.  

The transplants were sprayed with trehalose, potassium silicate and algae 

four  times (45, 60, 75 and 90 days after transplanting) using spreading agent to 

improve adherence of the spray to the plant foliage for increasing  absorption of 

solutions  by the plants. The untreated plants (check) were sprayed with water 

and spreading agent. One ridge was left between each two experimental plots 

without spraying as a guard ridge to avoid the overlapping of spraying 

solutions. In addition, two ridges were left as a buffer zone between each two 

experimental units to avoid lateral seepage of irrigation water. 

All treatments received equal amounts of ammonium sulphate (20.5 % 

N), calcium superphosphate (15.5% P2O5) and potassium sulphate (48.5 % 

K2O) at a rate of 200, 150 and, 120 kg/fad., respectively.  One third of N, K2O 

and all amount of P2O5 were added with FYM  at 20 m
3
/fad.  during soil 

preparation in the center of row and covered by clay. The rest of N and K2O 

were added as soil application at three doses at 60, 75 and 90 days after 

transplanting in both growing seasons. The other conventional practices were 

applied. 

 

Data recorded 

A three-plant sample from each sub experimental unit was randomly 

taken at 110 days after transplanting to measure the plant growth traits and 

plant chemical constituents as follows:  

Plant growth traits: Vine length (cm), number of branches/plant and total 

fresh weight were measured. Dry weight of shoot (leaves and branches) of 

each plant were dried at 70
o
C till the constant weight and then weighed.  

Plant water relations: Total, free and bound water as well as  osmotic 

pressure  in the fourth upper leaf of sweet potato  plants were determined for 
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every experimental unit at 110 days after transplanting, in both seasons, 

according to the method described by Gosev (1960). 

Proline amino acid content:  It was determined in the shoots at 110 days 

after transplanting in both seasons of study according to Bates (1973). 

Nitrogen, phosphorus and potassium contents in shoots: N, P and K (%) in 

the dried shoots (leaves and branches) were determined at 110 days after 

transplanting in both seasons according to AOAC (1995). 
 

Yield and its components 

At harvest time (150 days after planting), all tuber roots of each treatment 

were classified into two grades, i.e. marketable tuber  roots ( average tuber  

root were about 100 - 250 g) and non-marketable  tuber roots ( average 

tuber roots less than 100g or more than 250g), then weighed to determine 

the total yield which expressed as ton/fad. In addition, tuber root length, 

diameter and weight were determined. 
                                                        

Tuber root quality 

Nitrogen, phosphorus and potassium percentages: in tuber roots were 

determined by using the same methods as described above in shoot chemical 

constituents.  

Dry Matter (%): One hundred grams of the grated mixture were dried at 

105
0
C till the constant weight and DM (%) was recorded.  

Total carbohydrate (%): It was determined colorimetrically in dry tuber 

roots as (g glucose/ 100g) as outlined by Michel et al. (1956). 
 

Statistical analysis  

Collected data were subjected to proper statistical analysis of variance 

according to Snedecor and Cochran (1980) and the differences among 

treatments were compared using Duncans’ multiple range test (Duncan, 

1955), where means had the different letter were statistically significant, 

while those means followed by the same letter were statistically 

insignificant. 

 

RESULTS AND DISCUSSION 
 

1.Plant  growth 

1.1 Effect of irrigation intervals   

 Data in Table 1 indicate that, there were no significant differences 

between two irrigation intervals (15 or 30 days) regarding   all plant growth 

parameters such   as vine length, fresh weight of shoots and dry weight of  
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shoots at 110 days after transplanting in both seasons, except  vine length and  

fresh weight of shoots  in the 2
nd

 season. This  means that  irrigation  sweet 

potato plants after 15 days intervals gave the higher values of vine length and  

both fresh  and dry weight of shoots  in the 2
nd

 season.  

The longest irrigation intervals (stressed plants) reduced growth of sweet 

potato plant as: main stem length, number of branches, leaf area and shoot dry 

weight per plant comparing to unstressed plants (Abdel -Fattah et al., 2002). 

Also, Plants under drought alternate their performance to alleviate the changed 

environmental conditions.These changes include physiological and biochemical 

changes such as decreased leaf size, stem elongation, root proliferation and 

water use efficiency (Farooq et al., 2009). 

The increase in growth attributed to the function of water in the process 

of photosynthesis and therefore reflected on the increase in leaf area, dry weight 

and leaf chlorophyll fluorescence (Abd El-Gawad et al., 2017). 

These results are harmony with those reported with Ayoub (2005), Abou 

El-Khair et al.  (2011), Yooyongwech et al. (2014), Saqib et al. (2017) and Abu 

El-Fotoh et al. (2019)  on sweet potato 

1.2. Effect of soil and foliar application treatments   

Treating sweet potato plants cv. Beauregard grown in clay soil during 

summer season with fulvic acid (FA) at 10 kg /fad. as soil application + 

spraying with potassium silicate (KSi) at 1 ml/l  significantly increased vine 

length, number of branches/ plant, fresh weight of shoots and dry weight/ 

plant  at 110 days after transplanting, followed by FA at 10 kg /fad. as soil 

application + spraying with algae extract at 1 g/l  compared the other 

treatments in both seasons ( Table 1). Whereas, treating with humic acid       

( HA) at 20 kg /fad.  as soil application  gave the lowest  vine length number 

of branches/ plant, fresh weight of shoots and dry weight/ plant in both 

seasons. 

 The increases in dry weight of shoots / plant were about 74.48 and 89.21 

% , 68.94 and 83.76 % for   treating  sweet  potato plants  with  FA at 10 kg 

/fad. as soil application + spraying with KSi at 1 ml/l  over treating with  HA at 

20 kg /fad.  only  or   with  treating with FA as soil application  only  in the 1
st
 

and 2
nd

 seasons, respectively. 

Fulvic acid is the most significant component of organic and natural 

substances in aquatic systems, it is highly beneficial to both plant and soil 

because: 1) it is important for increasing microbial activity. 2) It is considered 

as a plant growth bio-stimulant, and enhances vegetative characteristics. Fulvic 

acid is very effective due to: its low molecular weight which range from 
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approximately 1.000 to 10.000 compared with humic acid, It includes 

important and ability to effectively bond minerals and elements into its 

molecular structure leading them dissolve and grow to be mobilized fulvic 

complexes, fulvic acid typically bears 70 or more mineral and trace factors as a 

part of its molecular complexes, also,  it  have an oxygen content twice that of 

humic acids and they have many carboxyl and hydroxyl groups much than 

humic acid. So, they are much more chemically reactive. This make FAs 

exchange capacity is more than double that of humic acids (Aiken et al., 1985).  

As for fulvic acid, results  are harmony with Abd El-Baky et al. (2020) 

showed that  the highest values of vegetative growth (plant height, number of 

leaves and branches as well as fresh and dry weight of leaves and / or branches) 

were recorded with okra plant which received fulvic (3 g/L), but the lowest 

values were recorded with the control. 

As for potassium silicate, this result might be due to the role of potassium 

silicate because it contains potassium, which helps in some of the physiological 

processes of plants, such as photosynthesis, protein synthesis and maintenance 

of water status in plant tissues. Also, potassium silicate contains silicon, which 

reduces biological and non-biological stresses in plants by preserving the 

potential of plant water, light activity, stomatal conductance and leaves under 

high rates of transpiration (Das et al., 2017). Also, the enhancement sweet 

potato plant growth characteristics due to algae extract spraying may be 

attributed to the auxins content of the algae extract which has an effective role 

in cell division and enlargement, this leads to increase the shoot growth, leaves 

number, and plant dry weight (Gollan and Wright 2006).  
 

1.3. Effect of  the interaction  

The interaction between 15 or 30 days irrigation intervals and FA at 10 

kg /fad. as soil application+ KSi at 1 ml/l as foliar application significantly 

increased vine length, number of branches/plant, fresh weight of shoots and dry 

weight of shoots at 110 days after transplanting in both seasons with no 

significant differences between them for vine length, fresh weight of shoots in 

both seasons and dry weight of shoots/ plant in the 1
st
 season (Table 2). 

The increases in dry weight of shoots / plant were about 92.62 and 89.94 

%  for the interaction between irrigation after 30 days interval  and treating with  

FA at 10 kg/fad.+ spraying with KSi at 1 ml/l over the interaction  between  

irrigation after 15 days  and treating with  HA only at 20 kg /fad. in the 1
st
 and 

2
nd

 seasons, respectively. 

This may be due to the physiological function of silicon is based on 

relations between silicon deposition at certain points and enhanced resistance to  
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various stresses (Shaaban and Abou El-Nour, 2014). In addition, silicon 

plays a role as a mechanical and a physiological barrier. It also alters the 

levels of osmolytes and antioxidant enzymes which are the first line of 

defense in drought stress, also reducing the levels of oxidative stress 

factors such as hydrogen peroxide (Sapre and Vakharia, 2016). These 

results are harmony with those obtained with Abd El-Gawad et al. (2017) 

on potato they showed that  irrigation after the depletion of 55-60 % of 

available soil water and spraying with  potassium silicate  at 2000 ppm  

gave the highest values of leaf area, fresh and dry weight of shoots than  

other interaction treatments.  

2. Plant water relationship 

2.1. Effect of irrigation intervals    

 The obtained results in Table 3 illustrate that, total water and free 

water (%) in sweet potato leaves at 110 days after transplanting increased 

with shortest irrigation intervals (15 days), whereas bound water and 

osmotic pressure increased with increasing irrigation intervals (30 days). 

The increase in bound water and the decrease in free water under 

water stress were mainly due to the increases in osmotic pressure resulted 

from the conversion of starch into soluble carbohydrates as indicated by 

Lancher (1993). These results are harmony with those reported with 

Mansour  and Abu El-Fotoh (2018) on potato found that  and Total and 

free water  in leaf tissues  were the highest significantly increased by 

increasing  irrigation water levels up to 100 %   from FC  in both seasons. 

While, bound water (%) in leaf tissues were the superior with the lowest 

level of irrigation water in both seasons. 

2.2.Effect of soil and foliar application  treatments   

  Fulvic acid at 10 kg /fad. as soil application +foliar spray with 

trehalose  at 1 g/l as foliar application significantly increased total water 

and free water at 110 days after transplanting and significantly  decreased  

bound water and osmotic pressure in leaves  at 110 days after transplanting 

(Table 3). In the other hand, HA at 20 kg /fad. as soil application  

significantly increased bound water and osmotic pressure in leaves  and 

significantly decreased total water and free water in leaves in both  

seasons. 

Spraying with trehalose is imperative to improve drought tolerance 

of economic cash crops and vegetables under the changing environmental  
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conditions. A range of mechanisms (physiological, biochemical and 

molecular) used by plants to tolerate water stress (Ashraf 2010). 

2.3. Effect of the interaction  

The interaction between irrigation intervals at 15 days (higher water 

regime) and FA at 10 kg /fad. as soil application+ trehalose at 1 g/l 

significantly increased total water and free water  in sweet potato leaves at 

110 days after transplanting (Table 4). 

The interaction between irrigation after 30 days (low water regime)  

and HA at 20 kg /fad. as soil application  significantly increased bound 

water and osmotic pressure in leaves. This mean that, under water stress, 

bund water and osmotic pressure  increased in leaves with HA at 20 kg 

/fad. as soil application. 

Using trehalose enhancing water use efficiency, prolific deep root 

system, suppression in transpirational loss, maintenance of cell turgor 

potential, better photosynthetic rate at low leaf water potential, stomatal 

regulation, up regulation of antioxidants, synthesis of osmolytes, osmotic 

adjustment/osmoregulation, all together or independently they may show 

beneficial role in plants to resist drought stress (Shafiq et al., 2015). 

3.Nitrogen, phosphorus, potassium and proline content in shoots  

3.1.Effect of irrigation intervals  

Nitrogen, phosphorus and potassium contents in shoots increased 

with increasing irrigation water quality (15 days  irrigation intervals), 

whereas proline amino acid contents in leaves increased with reducing 

irrigation  water quality ( 30 days  irrigation intervals) as shown in Table 

(5). This means that, proline content in leaves increased under water stress 

conditions. 

 In this regard, Barker et al. (1993) who found that leaf proline 

concentration averaged 20 times greater in the stressed plant compared to 

well watered plants. In this regard, Stewart (1977) reported that the 

conversion of proline to glutamic acid and hence to other soluble 

compounds proceeds readily in turgid leaves and it is stimulated by higher 

concentrations of proline. This suggests that proline oxidation could 

function as a control mechanism for maintaining low cellular levels of 

proline in turgid tissues. In water stressed, however, proline oxidation is 

reduced to negligible rates. It seems likely that inhibition of proline 

oxidation is necessary in maintaining high levels of proline found in 

stressed levels. 
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The present results indicating that soil  water statutes with irrigation at 15 

days intervals  was the proper  for uptakeing  N, P and K into sweet potato 

shoots compared to 30 days irrigation intervals. 

Similar results were observed by Saif El-Deen et al. (2011) and Abd- All  

et al. (2017) on sweet  potato. They indicated that shortest irrigation intervals 

gave the highest   mineral contents in shoots of sweet potato. In this regard, 

Rodríguez-Delfín et al. (2011) reported increase in free proline content of sweet 

potato cultivars when plants were subjected to water deficit conditions. Also,  

Saqib,  et al. (2017) showed that leaf proline content  in sweet potato shoots 

was the maximum in plants irrigated after 21 days interval, followed by 14 days 

interval. 

3.2. Effect of soil and foliar application  treatments  

Data in Table 5 show that FA at 10 kg /fad. as soil application + foliar 

spray with algae  at 1 g/l significantly  increased N and P and K contents in 

shoots, whereas FA at 10 kg /fad. as soil application + foliar spray with KSi  at 

1 ml/l significantly  increased K contents in shoots, while HA at 20 kg /fad. as 

soil application significantly increased proline content in leaves at 110 days 

after transplanting  in both seasons. 

This result may be due to the role of fulvic or humic acids which are 

harmony with those reported by many investigators. Humic acid application to 

soils boost up biological processes in soil and hold the nutrients in easily 

exchangeable form to minimize their leaching from soil profile with peculating 

water (Brady and Weil 2008). Addition of humic acid increases the uptake of 

both micro and macro nutrients and led to hormonal activities and improving 

nutritional status, it shows anti-stress affect in plant body when soil pH and 

temperature are unfavorable for plant growth (Kulikova et al., 2005).  

Results are agreement with Abd- All et al. (2017). They indicated that 

application of  humic acid to  the soil  significantly increased total nitrogen, 

potassium and phosphorous content of sweet potato tubers than untreated  .  

  This increase in N, P and K contents in shoots may be due to that the 

high protein content (50.56 %) on dry basis of the  algae extract   which split 

natural plant amino acids involved directly in the metabolism (Table A).  Also, 

algae extract is a rich source of potassium and contains considerable amounts 

of Ca, Cu, Fe, Mg, Mn, P and Zn. These results may explain the great benefits 

of algae extract on supplementing pea plants with their requirements from 

organic and mineral nutrients (Marrez et al., 2014). 
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These results are harmony with Abd-Elatif and Ismaiel (2019) on 

cassava. They showed that spraying plants with algae extract at 1 g/l recorded 

the highest percentages of N, and K contents in shoots than unsprayed plants.  

3.3.Effect of  the interaction  

 The interaction between 15 days irrigation intervals and FA at 10 kg/ 

fad. as soil application + spraying  with algae at 1 g/l increased  N and P 

contents , whereas the interaction between  30 days irrigation intervals +FA 

at 10 kg /fad.+ spraying with algae at 1 g/l increased K content  in shoots     

(Table 6). The interaction between 30 days irrigation intervals and HA at 20 

kg /fad. as soil application only increased proline content in leaves at 110 

days after transplanting.  

This means that, under water stress proline content increased with HA 

at 20 kg /fad. as soil  application only. 

4. Yield and its components 

4.1.Effect of irrigation intervals  

 Irrigation sweet potato  plants every 15 days  significantly increased  

tuber root diameter, tuber root weight, marketable yield and  total yield /fad., 

with no significant differences with irrigation  every 30 days  with respect to  

tuber root weight, total  tuber root  yield in both seasons and unmarketable 

yield in 2
nd

 season  whereas, irrigation  every 30 days  intervals significantly 

increased tuber root  length in both seasons and unmarketable  yield in the 1
st
 

season  ( Tables 7 and 8).  

Irrigation every 15 days intervals increased total yield about 0.447 and 

0.525 ton/fad. over irrigation every  30 days intervals ( water stress ) in the 1
st
 

and 2
nd

 seasons, respectively. Marketable yield percentages from total yield 

were about 87.96 and 85.76 % for 15 days irrigation intervals and 85.77 and 

85.56 % for 30 days irrigation intervals. 

The shortest  irrigation intervals  ( irrigation every 15 days)  to sweet 

potato plants, led to keep higher water content in the plant tissues and this in 

turn produced heavier tuber roots than those under water stress ( longest 

irrigation  interval, every 30 days). Water stress causes an increase in 

ABA/CYT ratio, which in turn decreased plant growth (Marschner, 1995). 

Also, he added that under sufficient water conditions there was a decrease in 

ABA and increase in CYT, GA and IAA reflecting good growth, dry matter 

content and yield. Moreover, under water stress (irrigation every 30 days) the 

synthesis of ABA from carotenoids in roots occurs and then transport to 

different parts of plant especially leaves and this in turn affect the dry matter 

accumulation in leaves and different organs (Lancher, 1993). 
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Table (7). Effect of irrigation intervals and some soil and foliar  

application  treatments  on  tuber  root characteristics  of  sweet  

potato   during 2019 and 2020 seasons  
Treatments  Tuber root diameter  

( cm) 

 Tuber root length  

( cm) 

 Tuber root weight (g)  

2019 

season 

2020 

season 

2019 

season 

2020 

season 

2019 

season 

2020 

season 

Effect of irrigation  intervals 

15 days  5.95  a 5.82  a 19.33   b 19.49  b 165.38 a 167.36  a 

30 days  5.74  b 5.65   b 20.45  a 19.78  a 162.73 a 164.33  a 

 effect of  some  soil and foliar   application treatments 

HA  4.86   e 4.91    f 15.66  g 16.16 f 96.98 f 102.07  g 

HA+ Trehalose    5.58   d 5.60   d 20.00   d 20.33 c 158.11 d 155.39   e 

HA+ KSi  5.44   d 5.40   e 19.33  e 17.99 e 170.32 c 174.25   d 

HA+ Algae    5.88   c 5.78   d 21.00    c 21.66 b 168.42 c 171.93   d 

FA  5.03    e 4.85   f 18.33   f 18.66 d 112.73 e 114.23  f 

FA + Trehalose    6.63   b 6.31   b 21.49   b 18.33 de 182.80 b 183.79  c 

FA+ KSi  6.11  c 6.08    c 23.83  a 23.50 a 211.71 a 218.43  a 

FA+ Algae     7.23  a 6.93  a 19.49   e 20.50 c 211.38 a 206.67   b 

HA= Humic acid at 20 kg /fad. and  FA= fulvic acid  at 10 kg /fad. as soil application  

Trehalose at 1 g/l,  KSi= Potassium silicate  at 1 ml/l,  and  algae extract at 1 g/l as foliar application   

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of 

significance, according to Duncan’s multiple range test. 

 
Results are agreed with Abdel -Fattah et al. (2002), Ekanayake and 

Collins, (2004), Ayoub (2005), Abou El-Khair et al.  (2011),  Yooyongwech et 

al. (2014) and Abu El-Fotoh et al. (2017) on sweet potato  and   Mahmoud  et 

al. (2019)  on potato. 

4.2. Effect of  soil and foliar  application treatments  

 Treating sweet potato plants with FA at 10 kg /fad. as soil application 

+ foliar spray with algae at 1 g/l gave the highest tuber root diameter, 

whereas FA at 10 kg /fad.+ foliar spray with KSi at 1 ml/l gave the highest  

tuber root length , tuber root weight, marketable yield and total yield/fad.      

(Tables 7 and 8).  The increases in total yield were about 48.53 and 49.42 % 

for FA at 10 kg /fad.+ spraying with KSi at 1 ml/l and 40.58 and 44.08 %  

for  FA at 10 kg /fad.+ spraying with algae extract  at 1 g/l over the HA only  
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at 20 kg /fad. in the 1
st
 and 2

nd
 seasons, respectively. This means that  

spraying  plants  with  KSi  at 1 ml/l , algae at 1 g/l and trehalose  at 1 g/l  

with FA at 10 kg /fad. as soil application increased total yield  compared to 

FA at 10 kg /fad. only.   

The marketable yield  percentage from total  yield  were about 91.16 

and 92.06% for FA at 10 kg /fad.+ trehalose at 1 g/ l ,  94.14 and 90.44 % 

for FA at 10 kg /fad. +algae extract at 1g/l in the 1
st
 and 2

nd
 seasons, 

respectively. HA at 20 kg /fad. as soil application gave the highest 

unmarketable  yield /fad. 

Fulvic acid is a bi-product of humic acid. Humic acid is extracted 

from any material containing well-decomposed organic matter - soil, coal, 

composts, etc. As humic material is decomposed by living microbes, these 

microbes create the most biologically complex organic compound, Fulvic 

acid. (Mikkelsen, 2005).   

These results are in accordance with those reported by Shankle et al. 

(2004), Saif El-Deen et al.  (2011) and Abd- All et al. (2017). They found 

that treated sweet potato plants with fulvic acid were the best for increasing 

yield and its components. As for algae extract,  Doss et al. (2015),  Abd- All  

et al. (2017), Mahmoud et al. (2018) on sweet potato, Abd-Elatif and 

Ismaiel (2019)  on cassava. They showed that spraying plants with algae 

extract recorded the best yield and its components than unsprayed plants. 

Potassium silicate is origin of high solubility of potassium and silicon 

is used in the provision of decrease amounts of potassium to facilitate get 

better the value of the yield (Tarabih et al., 2014). In this regard, Abd El-

Gawad et al. (2017) showed that the potato plants are sprayed with 

potassium silicate at 2000 ppm significantly increased yield and its 

components per plant and per faddan. 

4.3. Effect of the interaction  

Yield and its components of sweet potato plants had significant affected 

by the interaction treatments in both seasons (Tables 9 and 10). 

 The interaction between irrigation every 15 days and fertilizing with FA 

at 10 kg /fad. as soil application+ algae  extract at 1 g/l as  foliar application  

increased tuber root diameter , whereas the interaction between irrigation every  

15 days  and  FA at 10 kg /fad. as soil application+  KSi at 1 ml/ as  foliar 

application  significantly  increased tuber root weight,   marketable yield  and  

total yield  /fad in both seasons, with no significant differences with  the 

interaction between irrigation every  30 days  and  FA at 10 kg /fad. as soil  

application + KSi at 1 ml/ as  foliar application, regarding  total  yield /fad.  or 
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with  the interaction between irrigation every  30 days  and  FA at 10 kg /fad. as 

soil application + trehalose  at 1 g/ as  foliar application  as for  marketable 

yield  in both seasons.    

This mean that  irrigation  sweet potato  cv. Beauregard grown in  clay 

soil  condition  every 15 or 30 days  and  treated  with FA at 10 kg /fad. as soil 

application +spraying with  algae extract at 1 g/l or with  KSi at 1 ml/l  gave the 

highest values of marketable  yield and  total yield /fad. 

Water stress conditions, plants treated with HA at 20 kg /fad. as soil 

application gave the  highest values of unmarketable  yield /fad., whereas plants 

treated with FA at 10 kg /fad.+ spraying with algae extract at 1 g/l  gave the 

highest  tuber root length in both seasons ( Tables 9 and 10). 

The marketable yield  percentage from total  yield  were about 94.31 and 

92.72% for  the interaction between  irrigation every 15 days  and treated  with 

FA at 10 kg /fad. as soil application + algae  extract as foliar application 93.07 

and 93.85 % for the interaction between  irrigation every 15 days  and treated  

with FA at 10 kg /fad. as soil application+  trehalose at 1 g/l  as foliar spray in 

the 1
st
 and 2

nd
 seasons, respectively.  

In this concern, Mahmoud et al. (2019) on potato plants under sandy soil. 

They  found that  the interaction between  shortest  irrigation  intervals ( every 

three days)  and spraying with  potassium silicate  at 3ml/l showed significant 

effect on average weight for tubers per plant and the yield for total tuber and 

marketable  yield  as compared to the longest irrigation intervals  and 

unsprayed plants. 

5. Tuber root quality 

5.1. Effect of irrigation intervals  

There were no significant differences between both irrigation intervals on 

tuber root quality at harvesting time in both seasons, except nitrogen, and 

DM% in the 1
st
 season and P contents in both seasons (Table 11). The 

maximum N  and P in tuber roots  were observed in 15 days irrigation intervals, 

while DM (%)  was reduced.  There were no significant differences between 

two irrigation intervals   (15 or 30 days) regarding K and total carbohydrates in 

both seasons, N and DM (%) in the  tuber roots in 2
nd

 season.  

This result is likely due to the irrigation water every 15 days preserved of 

the moisture in the root zone and this ensured adequate soil water, air and 

nutrients during the plant growth periods. Thus, the accessibility of moisture in 

the soil leads to increase nutrients movement in the soil, which reflected in 

increasing absorption of minerals through plant and carbohydrates assimilation 

(Abd Elwahed, 2018). 
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The present results are in accordance with those reported by 

Ayoub (2005) who found that increasing irrigation water quantity up to  

the highest rate increased the tuber roots contents of N, P, K, total 

carbohydrate, starch, sugar, total soluble solids (TSS) and carotene in 

tuber roots. 

5.2. Effect of soil and foliar application treatments 

 Treating sweet potato plants with FA at 10 kg /fad. as soil 

application + spraying with algae extract at 1 g/l  increased  N and P , 

whereas  FA at 10 kg /fad. as soil application + KSi  at 1 ml/l as  foliar 

application  increased K,  total carbohydrates and DM%  in tuber roots 

in both seasons (Table 11).  In this regard, fulvic acid application to the 

soil significantly increased total nitrogen, potassium and phosphorous 

content of sweet potato tubers than untreated (Abd-All et al., 2017). 

Also, Doss et al. (2015) spraying of sweet potato plants with seaweed 

extract at the concentration of 0.75% led to positive response on total  

sugars, starch, carbohydrates and carotene contents, in both seasons 

than unsprayed. 

5.3. Effect of the interaction 

 The interaction between irrigation every 15 days intervals and 

treating plants with FA at 10 kg /fad. as soil application + spraying with 

algae extract at 1 g/l  significantly  increased N and  P contents in tuber 

roots, whereas the interaction between 15 days irrigation intervals and 

FA at 10 kg /fad. as soil application + spraying with KSi at 1 ml/l  

increased total carbohydrates % in tuber roots in both seasons (Table 

12). On the other side,  K (%)  and DM(%) in tuber roots  were   

significantly affected by the interaction between irrigation every 30 

days intervals and treating plants with FA at 10 kg /fad. as soil 

application + spraying with KSi at 1 ml/l   in both season .  

Conclusively, it could be concluded that, irrigation sweet potato 

plants cv Beauregard grown in clay soil during summer seasons 

conditions, the interaction between irrigation every 15 or 30 days  and 

treated plants with  fulvic acid  at 10 kg /fad. soil application + spraying 

with  KSi at 1 ml/l or  with spraying with  algae extract  at 1 g /l  or  

trehalose at 1 g/l  as foliar spray  were the best treatments  for  

increasing   the  growth , productivity  and  gave the best  tuber root 

quality. 
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ضافاث  اإل لبطاطا  لفتزاث الزي وبعضا جذور محصىل وجىدة ستجابهإ 

معامالث الزش و ترضياأل  
 حمادة ماهز بذيز المتىلً

 -هشكض البحْد الضساعيت –هعِذ بحْد البغاحيي  -قغن بحْد البطاغظ ّالخكاثش الخعشٓ 

 هصش
 

بوضسعتتتت    2020، 2012ختتتمو هْعتتتؤ   تتتي      تحقليتتت  تجشيتتج  حبشبتتتأ

هحافظتت  الذقِليتت ،  ّرلتل  لذساعتت    -دكتشًظ  هٌطقتَ  –بقشيت هيج فاسط  -  تخا 

)حوتط الِيْهتل   تظافاث  للخشبتيْم(  ّبعط اإل 30،  15 كل  حأثيش  فخشاث الشٓ )

بعتتتط  كبتتتن / فتتتذاى(، ّ 10كبتتتن / فتتتذاى ، ّحوتتتط البْلبيتتتل   بوعتتتذو  20بوعتتتذو 

 1،  عليكاث البْحاعتيْم بوعتذو  جن/ لخش 1، حشيِالْص بوعذو هعاهمث الشػ  ) بذّى 

العمقتاث الواييتَ فتٔ   علتٔ الٌوتْ ، جن/لختش(  1بوعتذو   هل /لخش،  هغخخلص الطحالت 

   تٌ   بيْسّجتاسد اللبطاغت ّس الوخذسًتَ زالبت ّجتْدٍ ّهكًْاحتَ  الوحصْو الٌباث ،

 ًظام  الشٓ بالغوش. ّ تسض الطيٌيظشّف األ ححج

https://www.researchgate.net/journal/Scientia-Horticulturae-0304-4238
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سٓ ًباحاث البطاغا   تٌ  بيشّجتاسد  ل بيي هعاهلت الخباع أى  أظهزث النتائج 

 تيتتْم ّهعاهلتت  30أّ  15ختتمو  الوْعتتن الصتتيبٔ  كتتل  تسض الطيٌيتتفتتٔ األ تالٌاهيتت

+ التشػ  بغتليكاث  تأسظتي تكبن / فذاى كإظاف 10الٌباحاث بحوط البْلبيل   بوعذو 

صج التْصى الطتا ، البتش  الشييغتٔغتْو  ةالتٔ صيتادأدٓ هتل / لختش  1البْحاعيْم بوعذو 

الوحصتتْو الكلتتٔ للبتتذاى  س الوختتذسى ، زّصى البتت هخْعتتػ / الٌبتتاث ،  ّالبتتاف للعتتشػ

ظافَ التٔ رلتل  فقتذ عتبلج هعاهلتت الخباعتل بتيي  باإل ّهحخْٓ البزّس هي البْحاعيْم .

كبتن /  10يْم ّهعاهلت الٌباحاث بحوط البْلبيل   بوعذو  15سٓ ًباحاث البطاغا  كل 

كتل  ةهتل / لخشالتٔ صيتاد 1+ الشػ  بغتليكاث البْحاعتيْم بوعتذو  تأسظي تفذاى كإظاف

هي  عذد األفش  / ًباث ،  الوحصْو القابل للخغتْي  ،  هحختْٓ البتزّس الوخذسًتَ هتي 

يتتْم(  15ححتج  ًبتظ فختتشٍ التشٓ )كتل   كوتا عتتبلج الٌباحتاث  .  تالكشبُْيتذساث الكليت

+ التتتشػ   تأسظتتتي تظتتتافكبتتتن / فتتتذاى كإ 10بحوتتتط البْلبيتتتل   بوعتتتذو   تّالوعاهلتتت

هتي الوتاا الكلتٔ  تفتٔ هحختْٓ الْسقت  تهعٌْيت ةهل / لخشالٔ صيتاد 1بالخشيِالْص بوعذو 

يتْم(  15فقتذ  عتبلج هعاهلتَ الخباعتل بتيي  التشٓ )كتل   رلتل  ّالواا الحش.عمٍّ علٔ

+ التتتشػ   تأسظتتتي تكبتتتن / فتتتذاى كإظتتتاف 10بحوتتتط البْلبيتتتل   بوعتتتذو   تّالوعاهلتتت

 تهحختْٓ العتشػ ّالبتزّس  الوخذسًت  ة/ لخشالٔ صياد جن 1وعذو بوغخخلص الطحال  ب

ختش  فقتذ هي   الٌيخشّجيي ّالبْعتبْس ّكتزلل قطتش البتزس الوختذسى. ّعلتٔ الباًت  األ

بحوتط البْلبيتل   بوعتذو   تيْم( ّالوعاهلت 30الخباعل بيي  الشٓ )كل   تعبلج هعاهل

هتل / لخشالتٔ  1يْم  بوعتذو + الشػ  بغليكاث البْحاع تأسظي تكبن / فذاى كإظاف 10

فٔ  تالباف ةهحخْٓ العشػ هي البْحاعيْم ،  غْو البزس الوخذسى ، ًّغبَ الواد  ةصياد

  تيتتْم( ّالوعاهلتت 30أدث  هعاهلتتَ الخباعتتل بتتيي فختتشٍ  التتشٓ )كتتل   . تالبتتزّس الوخذسًتت

 تًغبأهحخْٓ   ةلضياد تأسظي تكإظاف كبن / فذاى 20بوعذو فقػ  بحوط  الِيْهل   

ّكتزلل هحختتْٓ  عتتوْصٓ فتٔ البطاغتتا  هتي الوتتاا الوتشحبػ )ض(  ّالعتغػ األ  تلْسقتا

 فٔ كم هْعؤ الٌوْ.األّساق هي الحوط األهئٌ البشّليي 

أثٌتتاا  تسض الطيٌيتتفتتٔ األ تى ًْ تتٔ بتتشٓ ًباحتتاث البطاغتتا  الٌاهيتتأيوكتتي  :التىصيييت

 10بْلبيل   بوعذو الٌباحاث   بحوط ال تيْم  هع هعاهل 30أّ  15الوْعن الصيبٔ كل 

هتل /لختش  1+ الشػ  بآ  هي عليكاث البْحاعيْم  بوعذو  تأسظي تظافإكبن / فذاى ك

ّرلتتل للحصتتْو  علتتٔ أعلتتٔ  جتتن  لكتتل هٌِوتتا 1، أّ الطحالتت  أّالخشيِتتالْص بوعتتذو  

  .تللبزّس الوخذسً ةّأفعل  جْد تًخاجيإ
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