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ABSTRAT 

 

Under sandy soil conditions, fertigation experiment was conducted at private farm, in Al-Hossin village, El-

Bostan region, Al-Dlingat district, Al-Bihira governorate, Egypt, (30°33°N 30°23°E) during the two successive 

growing seasons of 2010/2011 and 2011/2012 to study the maximizing usage of organic fertilizers to improve 

potato quality and quantity in sandy soil conditions through fertigation system . Plants treated with the following 

treatments; control (100% mineral fertilizer), 8 treatments with compost (without and with mineral fertilizer, 

humic substances (HS) and effective microorganisms as follow; 10 ton/fed compost, 10 ton/fed compost + 50% 

nitrogen (N) mineral, 10 ton/fed compost + humic substances, 10 ton/fed compost + effective microorganism 

(EM), 15 ton/fed compost, 15 ton/fed compost + 50% N mineral, 15 ton/fed compost + humic substances and 15 

ton/fed compost + EM. The results indicated that addition of compost of rice straw (CRS) as organic manure 

with or without of mineral N, HS or EM fertigation had a high significant influence on potato plant growth, 

tuber yield and its quality as well as chemical composition during the 1
st
 and 2

nd
 seasons, respectively. Further, 

fertigation of organic amendments (HS or EM) to compost gave better yield ton/fed compared with individual 

application of compost of rice straw. However, it could be noticed that that fertigation of EM as organic 

amendment preferably than HS especially with high dose of organic fertilizer 15 ton/fed compost of rice straw. 

The maximum mean values of tuber yield were 9.87 and 10.74 ton/fed occurred with the fertigation of 50% N 

mineral fertilizer with compost of rice straw compared with the others during both seasons, respectively. 

Generally, it could be concluded that, compost addition at the rate of 15 ton/fed + 50% of recommended N 

fertigation is the recommended treatment, as it produced the highest tuber potato yield with the best quality 

comparing with application of 100% of recommended NPK solely. 

 

Key words: Potato plants, compost, humic substances, effective microorganism and fertigation.   

 

Introduction 

 

Potato (Solanum tuberosum, L.,) is one of major crops contributing to the world's food requirement (Karam 

et al., 2009). It is the most popular salad corps in the world. It is one of the most important field corps for food 

not only to its local consumption but also to increase income through its exportation by 130 produced countries 

all over the world (Kandil et al., 2011;Snappl et al.,2003).Tuber corps occupies wide importance in the food 

program of the states (Van Gijessel, 2005; McGregor, 2007). 

Several investigations were dealing with the application of N fertilizers on vegetative growth, tuber yield 

and uptake of N, P and K nutrients (Maier, et al., 1994; Anabousi, et al., 1997; Arisha and Bardisi, 1999; Jouda, 

et al., 2001; Maier, et al., 2002 and Vecchio, et al., 2002). Further, Organic materials are used to improve the 

negative stresses effects on plants and yield through decreasing soil salinity stress and improving soil structure 

and water holding capacity in the root zone (Hassanpanah and Azimi, 2012). Compost use would reduce the 

demand of some mineral fertilizers and benefits in agriculture mainly through its content of organic matter, plant 

nutrients, promoting plant growth and inhibiting root pathogens/soil-borne plant diseases (Alvarez et al., 1995 

and Perner et al., 2006). Raupp (1996) and Schulz, et al., (1997) illustrated that the negative effects on quality 

parameters caused by high levels of fertilizer application were less with composted manure.  

Humic substances applications led to significant increase in soil organic matter content and improve plant 

growth and crop yield (Erik et al., 2000; Hartwigson and Evans, 2000; Hafez, 2003; El-Desuki, 2004, Selim et 

al., 2009 and Selim and Mosa, 2012). In this concern, Hopkins and Stark (2003) reported that humic acid 

applications between 15 to 30 L ha
-1

 increased potato total yield by 2250 kg ha
-1

 and marketable tuber yield by 

2750 kg ha
-1

. Moreover, Selim, et al., (2010) found that the tuber yield was increased by16.47% with addition of 

humic substances comparing to the recommended fertilizer rate solely. Addition of humic acid to the soil had a 
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significant increase in plant growth characters, photosynthetic pigments, total and marketable yield and tuber 

root quality of sweet potato (Mahmoud and Hafez; 2010 and El Sayed Hameda et al., 2011, Osvalde, et al., 

2012 and Arif et al., 2013).  

Bio-fertilizers play an important role in enhancing crop productivity through nitrogen fixation, phosphate 

solubilization, plant hormones production, ammonia excretion, siderophores formation and to control various 

plant diseases. The technology of effective microorganisms (EM) is a proven method for increasing crop yields 

in natural farming (Higa, 1998). EM solutions, which contain naturally occurring microorganisms, enhance the 

value of organic matter by accelerating its decomposition and releasing greater quantities of nutrients for crop 

utilization (Higa and Wididana, 1991). Duan et al., 2005 and Awad and El-Ghamry, 2007) showed that effective 

microorganisms at 0.4% could promote potato growing and resistance to diseases, and therefore increasing the 

yield and enable better uptake of nutrients from the soil. 

Recently, intensive efforts are being focused to minimize the applied amounts of chemical fertilizers to 

decrease the production costs and environmental pollution with good tuber yield. There is now a very fast 

growing demand for organically grown food products (for both local and export markets), which help in the fast 

spreading of organic and bio-agriculture. So, the present investigation was undertaken to study the possibility of 

partial or complete substituting chemical fertilizer by bio-fertilizer, effective microorganisms and humic 

substances mixture combined either with different portions from the nitrogen recommended rate with compost 

of rice straw under sandy soil conditions. 

 

Materials and Methods 

 

Location of the experiment: 

 

Two field experiments were conducted at private farm, in Al-Hossin village, El-Bostan reins, Al-Dlingat 

district, Al-Bihira governorate, Egypt, (30° 33`N 30° 23`E), during 2010/2011 and 2011/2012 seasons to 

evaluate the effect of organic fertilizers on quality and yield of potato plants grown on sandy soil conditions in 

North Africa.  

 

Soil sampling: 

 

To determine some physical and chemical properties of selected soil, soil sample at 0-30 cm was collected 

and analyzed for some physical and chemical properties e.g. particle size distribution, total carbonate, pH and 

EC as described by Dewis and Fertias (1970). Available soil-N was extracted using KCl (2.0 M) and determined 

by using macro-Kjeldahl method according to Hesse (1971). Available soil-P was extracted with NaHCO
-
3 (0.5 

M) at pH 8.5 and determined colorimetrically after treating with ammonium molybdate and stannous chloride at 

a wavelength of 660 nm, according to Olsen and Sommers, (1982). Lastly, available soil-K was determined by 

extracting soil with ammonium acetate (1.0 M) at pH 7 using flame photometer as described by Hesse (1971). 

Soil of the experimental site was sandy loam in texture (Typic Torripsamments) and some physical and chemical 

properties of soil used are shown in Table (1).  

 
Table 1: Some physical and chemical properties of the studied soil before growing seasons 

Soil characteristics 1st Season  2nd season  

Particle size distribution% 

Sand % 69.8 70.1 

Silt % 26.6 26.4 

Clay % 3.6 3.5 

Texture Class Sandy loam Sandy loam 

Chemical  properties 

pH 7.83 7.81 

EC dSm-1  1.72 1.42 

CaCO3 % 4.2 4.1 

OM % 0.31 0.35 

Soil moisture content% 

Saturation Percentage (SP)  32.3 34.2 

Field capacity (FC) 18.7 20.1 

Wilting point (WP) 6.3 6.5 

Available water (AW) 13.3 13.8 

Available Nutrients (mg kg-1 soil) 

Nitrogen (N) 15.3 16.4 

Phosphorus (P) 14.2 13.6 

 Potassium  (K) 15.2 19.7 
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Irrigation set up: 

 

The drip irrigation lines were used GR (built-in) drippers spaced 0.30 cm apart with a flow capacity of 4 

liters hour
-1

 at 1.5 bar working pressure and the spacing between lateral lines was 0.5 m and irrigation water, 

originating from a local well, had a good quality; pH of 7.0, EC= 0.3dSm
-1 

and sodium absorption ratio (SAR) is 

2.5, classified as C2S1. According to Ayers and Westcot (1985), this water quality is adequate for irrigation. 

 

Cultivation: 

 

To achieve the purpose of present study potatoes (Solanum tuberosum, L.) C.V. spunta were chosen and 

planted in the first half of October for 2010/2011 and 2011/2012 seasons.  

 

Experimental design and treatments:  

 

The experimental design was complete randomize block design with 3 replicates including 9 treatments 

then plants treated with the following treatments; control (100% mineral fertilizer), 8 treatments with compost 

(without and with mineral fertilizer, humic substances and effective microorganisms as follow; 10 ton/fed 

compost, 10 ton/fed, compost + 50% N mineral, 10 ton/fed compost + humic substances, 10 ton/fed compost + 

EM, 15 ton/fed compost, 15 ton/fed compost + 50% N mineral, 15 ton/fed compost + humic substances and 15 

ton/fed compost + EM. 

Rice straw was collected from Belkas factory. It was composted according to the method described by 

Abou El-Fadl (1960). The composting process was continued up to 90 days and was applied at two rates 10 and 

15 ton fed
-1

 before the last tillage then soil was irrigated and left for 30 days before sowing. Some chemical 

properties of the compost samples are carried out. pH is considered a slightly acidic in reaction (6.40) for 

composts of the two seasons. EC was less than 4 dS m
-1

 (2.22 dS m
-1

average). Total carbon percentages in the 

compost of the two seasons were 27.4 and 26.82%, and total nitrogen were 1.44 and 1.50%, respectively. 

Therefore, the C/N ratios of the compost were found to be 19: 1 and 18: 1 in the 1
st
 and 2

nd
 seasons, 

respectively. This C/N ratios which was less than 25: 1 is considered suitable according to Cooke (1982). Humic 

substances were applied through fertigation scheduling at the rate of 100 ml plant
-1

 after 28, 44 and 60 days 

from sowing. The chemical analysis of these humic substances is shown in Table (2). Humic substance was 

produced by Fertilizers Development Center, El-Delta Fertilizers Plant, Egypt. 

 
Table 2: Chemical properties of the humic substances 

EC 

(dS m-1) 
pH OM% 

Macronutrients  % Micronutrients (ppm) 

N P K Fe Zn Mn 

0.94 7.8 68 2.09 0.15 3.42 258 415 214 

 

Effective Microorganisms is also called "EM technology" by the proponents of this concept. "EM 

technology" is a scientifically unconfirmed method to improve soil quality and plant growth using a mixture of 

microorganisms consisting mainly of lactic acid bacteria, purple bacteria, and yeasts which co-exist for the 

benefit of whichever environment they are introduced. Higa, (1998) reported to include: 

- Lactic acid bacteria: Lactobacillus plantarum; L. casei; Streptococcus lactis. 

- Photosynthetic bacteria: Rhodopseudomonas palustris; Rhodobacter sphaeroides. 

- Yeast: Saccharomyces cerevisiae; Candida utilis (Toula, Pichia jadinii). 

- Actinomycetes: Streptomyces albus; S. griseus. 

- Fermenting fungi: Aspergillus oryzae; Mucor hiemalis. 

Under fertigation program, potato plants were treated with mineral fertilizers and humic substances as well 

as bio-fertilizers through drip irrigation system where 10 irrigations were done at both seasons. Urea, 46.5% N 

was used as a source of N at a rate of 180 kg N fed
-1

 added through drip irrigation system and potassium sulfate 

(48.0% K2O) was applied through drip fertigation system at a rate of 96 kg K2O fed
-1

 (recommended dose) for 

all treatments, as a one dose with the 3
rd

 irrigation. Calcium super-phosphate (15.5% P2O5) was applied before 

planting irrigation at the rate of recommended dose 75 kg P2O5 fed
-1

 for all treatments.  

 

Vegetative growth and tuber yields: 

 

- Plant height (cm).   

- Number of leaves plant
-1

. 

- Shoot fresh and dry weights (g plant
-1

).   

- Tuber yield (t/fed
-1

): potatoes were harvested after 110 days from planting date. 

http://www.answers.com/topic/lactic-acid-bacteria
http://www.answers.com/topic/purple-bacteria-2
http://www.answers.com/topic/yeast
http://www.answers.com/topic/lactobacillus-plantarum
http://www.answers.com/topic/baker-s-yeast
http://www.answers.com/topic/toula
http://www.answers.com/topic/aspergillus-oryzae
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- Number of tubers plant
-1

. 

- Tuber weight (g plant
-1

). 

 

Quality parameters at harvest: 

 

- Dry matter (%): 50 grams of fresh potato tubers were dried at 70
o
C till constant weight for dry matter 

determination, starch content (%) and total soluble solids (T.S.S.) were determined by a hand refractometer as 

well as specific gravity (cm
3
). 

 

Chemical analysis of tubers:  

 

Samples of tubers from three potato plants were chosen randomly in both seasons after 110 days (harvest 

stage). Samples were oven dried at 70 
o
C till constant weight then were ground to a fine powder and sub 

samples of 0.2 g were wet digested using a mixture of sulfuric and perchloric acids (Piper, 1950) to determine 

the percentages of total nitrogen, phosphorus and potassium concentrations according to Hesse, (1971). 

 

Statistical Analysis:  

 

Data were statistically analyzed using descriptive statistics and analysis of variance (ANOVA). Based on 

one-way ANOVA, the effect of aforementioned treatments was evaluated according to the procedure outlined 

by Duncan (1955) using CoStat (Version 6.303, CoHort, USA, 1998–2004). Means of treatments were 

considered significantly different using the least-significant-differences test (LSD) at the confidence level of 5% 

according to Gomez and Gomez (1984). 

 

Results and Discussion 

 

Vegetative growth of potato plants: 

 

The obtained results in Table (3) revealed that N mineral fertigation at 100% recommended dose caused a 

high significant effect on vegetative growth of potato plants i.e., plant height and number of leaves plant
-1

 which 

recorded the highest values of 103.17cm and 38.67 and 98.10 cm and 34.67 with application of 15ton fed
-1

 

compost plus 50%N mineral during the 1
st
 and 

2nd
 seasons, respectively. Meanwhile, the lowest mean values 

were 50.17 cm and 19.67 and 47.20 and 17.67 with application of 10 ton/fed of compost solely during the 1
st
 

and 2
nd

 seasons, respectively. 

 
Table 3: Effect of organic fertilizers without or with mineral, humic substances or EM addition on vegetative growth of potato plant during 

1st and 2nd seasons 

Treatments 

1st season 2nd season 

Plant 
Height (cm) 

No. of 
Leaves plant-1 

Plant 
Height (cm) 

No. of 
Leaves plant-1 

Control (100% mineral) 92.30 33.67 85.33 31.33 

10 ton/fed Compost 50.17 19.67 47.20 17.67 

10 ton/fed Compost + 50% N mineral 98.30 37.00 90.63 32.67 

10 ton/fed Compost + Humic  69.33 24.67 63.03 23.33 

10 ton/fed Compost + EM 73.13 27.67 68.07 25.00 

15 ton/fed Compost 55.70 22.00 52.57 20.00 

15 ton/fed Compost + 50% N mineral 103.17 38.67 98.10 34.67 

15 ton/fed Compost + Humic  79.07 30.67 73.17 26.67 

15 ton/fed Compost + EM 83.77 32.67 78.97 29.00 

LSD 5% 4.61 2.97 3.35 4.04 

HS*: humic substances; EM**: effective microorganism 
 

Moreover, the application of organic amendments (HS or EM) to organic fertilizer gave the greater results 

compared with individual application of compost. It was also observed that application of EM as organic 

amendment is preferable than HS especially with high dose of organic fertilizer 15 ton/fed of compost of rice 

straw (CRS) during both seasons, respectively. These results are corresponding to (Gedam et al., 2008 and 

Hassanpanah and Azimi, 2012).   

 

Fresh and dry weights of potato plant (g plant
-1

): 

 

As shown in Fig. (1a &b), N mineral fertigation at 100% recommended dose caused a high significant 

effect on fresh and dry weights which recorded the highest values (394.9 and 434.7g plant
-1

) for fresh weight  

and (70.26 and 78.65 g plant
-1

) for dry weight compared with compost of rice straw (CRS) which recorded 
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(227.9 and 250.4 g plant
-1

) with 10 ton/fed and (246.0 and 271.6 g plant
-1

) with application of 15 ton/fed of CRS 

for fresh weight and (38.88 and 43.98 g plant
-1

) for dry weight of fertigated potato plants during the 1
st
 and 2

nd
 

seasons, respectively. The application of organic amendments (HS or EM) to organic fertilizer gave the better 

results compared with individual application of compost. It was also observed that application of EM as organic 

amendment is preferable than HS especially with high dose of organic fertilizer 15 ton/fed of compost of rice 

straw (CRS) during both seasons, respectively. 

 

 

 
Fig. 1a&b: Effect of compost addition without or with mineral, humic, EM on fresh and dry weight of 

fertigated potato plants during 1
st
 and 2

nd
 seasons.  

 

The same Fig. shows that the superiority treatment to give the highest mean of fresh and dry weights was 

observed with treatment (15 ton/fed RSC +50% recommended dose (RD) nitrogen minerals. These results are 

corresponding to (Gedam et al., 2008).   

 

Tuber yield and its components: 

 

As shown in Fig (2), fertigation of  mineral N fertilization (100% RD) had highly significant effect on tuber 

yields (ton/fed) more than organic fertilizers whether as compost of rice straw (CRS) or with adding humic 

substances (HS) and effective microorganisms (EM) during both the 1
st
 and 2

nd
 seasons. As shown in Fig. (2), 

the differences between organic treatments were significant for organic fertilizers rates, whereas the application 

of 15 ton/fed much better than 10 ton/fed whether with compost of rice straw.  
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Fig. 2: Effect of compost without or with fertigated mineral N, humic or EM addition on tuber yield of potato 

plants during 1
st
 and 2

nd
 seasons 

 

Fertigation of organic amendments (HS or EM) to compost gave the better tuber yield ton/fed
 
of potato 

compared with individual application of compost of rice straw. However, it could be noticed that that fertigation 

of EM as organic amendment preferable than HS especially with high dose of organic fertilizer 15 ton/fed 

compost of rice straw. Finally, the maximum mean values of tuber yield were 9.87 and 10.74 ton/fed occurred 

with the fertigation of 50% N mineral fertilizer with compost of rice straw compared with the others during both 

seasons, respectively.  

As presented results in Table (4), statistical analysis revealed that combined of fertigation of N mineral with 

compost of rice straw and/or humic substances and effective microorganism resulted in a high significant effect 

on number of tubers and tuber weights (g plant
-1

) during both successive growing seasons. The highest values 

were 5.67 and 548.3g plant
-1

 and 5.33 and 596 g plant
-1 

occurred with application of 15 ton/fed compost plus 

fertigation of 50% N mineral during the 1
st
 and 2

nd
 seasons, respectively. Meanwhile, the lowest mean values 

were 3.67 and 271.20 and 3.00 and 295.6 g plant
-1

 with application of 10 ton/fed of compost only during the 1
st
 

and 2
nd

 seasons, respectively. 

 
Table 4: Effect of organic fertilizers without or with mineral, humic substances or EM addition on vegetative growth of potato plant during 

1st and 2nd seasons 

Treatments 

1st season 2nd season 

No. of 

Tuber plant-1 

Tuber weight  

plant-1 

No. of 

Tuber plant-1 

Tuber weight  

plant-1 

Control (100% mineral) 5.33 468.3 5.00 510.1 

10 ton/fed Compost 3.67 271.2 3.00 295.6 

10 ton/fed Compost + 50% N mineral 5.33 530.3 5.67 578.4 

10 ton/fed Compost + Humic  4.00 345.8 4.00 377.8 

10 ton/fed Compost + EM 4.00 394.9 3.33 430.2 

15 ton/fed Compost 4.00 294.5 3.67 319.4 

15 ton/fed Compost + 50% N mineral 5.67  548.3 5.33 596.6 

15 ton/fed Compost + Humic  4.33 430.8 4.00 467.4 

15 ton/fed Compost + EM 3.67 431.7 4.00 467.2 

LSD 5% 1.31 5.74 1.13 6.54 

HS*: humic substances; EM**: effective microorganism 
 

Moreover, the application of organic amendments (HS or EM) gave the greater results compared with 

individual application of compost. It was also observed that application of EM as organic amendment is 

preferable than HS especially with high dose of organic fertilizer 15 ton/fed of compost of rice straw (CRS) 

during both seasons, respectively. 

Concerning the direct effects, it has been demonstrated that HS could induce an increase in the root surface 

by affecting root morphology (Schmidt et al., 2007). Canellas et al. (2008) reported that HS affected organic 

acid exudation by roots and led to changes in root area, primary root length, number of lateral roots, and lateral-

root density. Furthermore, it has been shown that HS enhanced the respiration rate of plants (Vaughan and 

Malcom, 1985; Vaughan et al., 1985; Nardi et al., 1996). Further, effective micro-organisms, (EM) were applied 

to potato plants through the irrigation water system to improve growth, yield and quality parameters of potato 
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tubers. EM was added in combination with the different rates of organic manures investigated and gave a more 

pronounced values for all treatments studied than those obtained for the untreated plant. This effect may be 

related to the beneficial role played by EM on accelerating the mineralization processes of organic manures, 

which enhance utility values of organic matter because EM consists of N-fixing, phosphate –dissolving and 

photosynthetic mico-organisms, A vesicular arbuscular micrrhizea, Bacillus lactobacillus, yeast and 

actinomycetes (Higa and Parr; 1949). In addition, improving potato yield could be related to the increasing of 

soil aggregates due to the high content of organic matter in humic substances applications.  

 

Tuber quality: 

 

As shown in Table (5), fertigation of N mineral with 100% had a high significant effect on tuber quality i.e., 

specific gravity (cm
3
), dry matter (%), starch (%) more than compost of rice straw (CRS)  with the exception of 

total soluble solids concentration (%). Further, fertigation of humic substances (HS) or effective microorganisms 

(EM) with compost showed almost similar effects as fertigation with the half recommended N fertilizer on 

investigated attributes during the 1
st
 and 2

nd
 seasons, respectively. In this concern, Zarb et al., (2001) reported 

that the creation micro-organisms in EM culture such as photosynthetic and N-fixing bacteria can enhance the 

plants photosynthetic rate, efficiency and N-fixing capacity as well as enhancing the productivity of most 

farming systems.  

 
Table 5: Means of tuber quality as affected by compost application with mineral, humic or EM addition on of fertigated potato plants during 

1st and 2nd seasons 

Treatments 

1st season 2nd season 

Specific gravity 

(cm3) 

Concentrations (%) Specific gravity 

(cm3) 

Concentrations (%) 

DM Starch TSS DM Starch TSS 

Control (100% mineral) 1.08 30.3 15.29 5.39 1.08 28.8 15.28 5.39 

10 ton/fed Compost 1.08 18.1 13.13 5.32 1.08 18.6 13.39 5.31 

10 ton/fed Compost + 50% N mineral 1.09 34.2 15.88 5.38 1.09 34.2 15.65 5.37 

10 ton/fed Compost + Humic  1.08 23.2 13.77 5.34 1.08 22.8 14.00 5.33 

10 ton/fed Compost + EM 1.08 26.3 13.52 5.34 1.08 25.2 14.37 5.34 

15 ton/fed Compost 1.08 20.5 13.43 5.35 1.09 19.5 13.65 5.34 

15 ton/fed Compost + 50% N mineral 1.09 34.9 16.22 5.40 1.09 35.5 15.88 5.39 

15 ton/fed Compost + Humic  1.08 28.4 14.65 5.34 1.08 27.0 14.75 5.34 

15 ton/fed Compost + EM 1.08 28.5 15.05 5.33 1.08 28.3 15.09 5.34 

LSD 5% 0.004 1.95 0.18 -- 0.003 1.57 0.09 -- 

HS*: humic substances; EM**: effective microorganism 
 

Generally, the highest mean values of specific gravity, dry matter (DM), starch and total soluble solids 

(TSS%) were 1.09, 34.90, 16.22 and 5.40 for the 1
st
 season and 1.09, 35.5, 15.88 and 5.39 % for the 2

nd
 season, 

occurred with 15 ton compost of rice straw (CRS) plus 50 % N mineral fertigation, respectively. While, the 

lowest mean values were 1.08, 18.10, 13.13 and 5.32 % and 1.08, 18.60, 13.39 and 5.31% occurred with 

application of 10 ton compost of rice straw (CRS) solely during 1
st
 and 2

nd
 seasons, respectively. Such findings 

are in harmony with those released by Arisha and Bardisi (1999), Kotbe, et al., (1995), Hartwigson and Evans, 

(2000); Hafez, (2003); El-Desuki, (2004) and Selim et al., (2010) who indicated that the additional humic 

substances to fertigated potato may improve soil fertility status. Also, the combined application of organic 

manures and humic substances could be an effective method to increase the nutrient availability to plant.  

 

Chemical composition of tubers: 

 

 Table (6) revealed that, fertigation of 100% recommended dose of N mineral led to high significant effect 

on N, P and K % which recorded (2.09, 0.354, 2.71 and 2.07, 0.323, 3.39 %) for the 1
st
 and 2

nd
 seasons, 

respectively when compared with organic fertilizers as compost of rice straw (CRS) the values of NPK were 

(1.36, 0.235, 2.37 and 1.17, 0.244, 2.25 %) at 10 ton/fed and (1.45, 0.247, 2.52 and 1.30, 0.258, 2.66 %) at 15 

ton/fed in the 1
st
 and 2

nd
 seasons, respectively. Also at the same levels of organic fertilizers with adding humic 

substances (HS) or effective microorganisms (EM) in the 1
st
 and 2

nd
 seasons which gave the same trend with 

best results of NPK contents.  

From the listed data in Table (6) N, P and K contents (%) in potato tubers revealed that the application of 

organic amendments (HS or EM) to compost gave the better results compared with individual application of 

compost of rice straw. It is obvious that application of EM as organic amendment is preferable than HS 

especially with high dose of organic fertilizer 15 ton/fed compost of rice straw.  
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Table 6: Means of N, P and K (%) as affected by compost application with mineral, humic or EM addition on of fertigated potato plants 

during 1st and 2nd seasons.   

Treatments 

1st Season 2nd Season 

Concentrations (%) 

N P K N P K 

Control (100% mineral) 2.09 0.344 2.71 2.07 0.323 3.39 

10 ton/fed Compost 1.36 0.235 2.37 1.17 0.244 2.52 

10 ton/fed Compost + 50% N mineral 2.25 0.370 3.44 2.28 0.339 3.55 

10 ton/fed Compost + Humic  1.57 0.267 2.73 1.52 0.271 2.80 

10 ton/fed Compost + EM 1.69 0.291 2.91 1.70 0.300 2.98 

15 ton/fed Compost 1.45 0.247 2.52 1.30 0.258 2.66 

15 ton/fed Compost + 50% N mineral 2.57 0.354 3.57 2.41 0.343 3.72 

15 ton/fed Compost + Humic  1.88 0.313 3.08 1.83 0.322 3.18 

15 ton/fed Compost + EM 2.04 0.333 3.25 1.92 0.340 3.29 

LSD 5% 0.24 0.03 0.25 0.05 0.02 0.07 

HS*: humic substances; EM**: effective microorganism 
 

Results of tubers N, P and K % with treatment 15 ton/fed CRS + EM recorded 2.04, 0.333, 3.25 and 1.92, 

0.340, 3.29 % while treatment 15 ton/fed CRS + HS recorded 1.88, 0.313, 3.08 and 1.83, 0.322, 3.18 % in both 

seasons, respectively. Comparing the application of compost alone, it was found a performance of potatoes N, P 

and K % with compost+ organic amendments either HS or EM during both seasons. Table (6) showed 

significant the differences among organic treatments, whereas the application of 15 ton/fed is much better than 

10 ton/fed of CRS in both seasons. 

The highest mean values obtained of N, P and K % were 2.57, 0.344, 3.57 and 2.41, 0.343, 3.71% with 15 

ton/fed compost plus 50% recommended dose of fertigated mineral N during both seasons, respectively. The 

increase in the productivity of potato tubers is due to the HS-EM amended treatments which increase soil 

moisture retention, and improve nutrients supply in the root zone (Suganya and Sivasamy, 2006 and Selim et 

al., 2009). 

 

Conclusion: 

 

Generally, it could be concluded that, compost addition at the rate of 15 ton/fed + 50% of recommended N 

fertigation is the recommended treatment, as it produced the highest tuber potato yield with the best quality 

comparing with application of 100% of NPK solely. 

Fertigation of humic substances and EM with compost showed positive effects compared with the 

recommended N fertiligation. Thus, these treatments of HS and/or EM can replace entirely or partially N 

mineral fertilizer, which reduce production costs and conserve the environment from chemical pollution hazards 

on human and animal health. 

 

References 

 

Abou El-Fadl, M.. 1960. Organic fertilizer and the production of plant and animal wastes, Arabic Statement 

Committee Press, Cairo, (In Arabic).  

Alvarez, M.A.B., S. Gagne and H. Antoun, 1995. Effect of compost on rhizosphere microflora of the tomato  

and on the incidence of plant growth-promoting rhizobacteria. App and Environ Microbiol., 61: 194-199. 

Anabousi, O.A.N., B.I. Hatter and M.A. Suwan, 1997. Effect of rate and source of nitrogen on growth, yield and 

quality of potato (Solanum tuberosum, L.) under Jardan Valley Conditions. Dirasat. Agric. Sci., 24 (2): 242-

259. 

Arif, S., K. Tahsin and T. Muhammet, 2013. Effects of leonardite applications on yield and some quality 

parameters of potatoes (Solanum tuberosum L.). Turkish Journal of  Field Crops, 18(1): 20-26. 

Arisha, H.M. and A. Bardisi, 1999. Effect of mineral and organic fertilizer on growth, yield and tuber quality of 

potato under sandy soil conditions. Zagazig J. Agric. Res., 20(2): 391-405. 

Awad, E.I.M.M and A.M. EI-Ghamry, 2007. Effect of humic acid effective microorganisms (EM) and 

magnesium on potato in clayey soil. J. Agric. Sci. Mansoura Univ., 32(9): 7629-7639. 

Ayers, R.S. and D.W. Westcot, 1985. Food and Agriculture Organization of the United Nations, 1985 - 

Technology & Engineering -174 pages 

Canellas, L.P., L.R.L. Teixeira Jr., L.B. Dobbss, C.A. Silva, L.O. Medici, D.B. Zandonadi, A.R. Fraçana, 2008. 

Humic acids cross interactions with root and organic acids. Ann. Appl. Biol., 153: 157-166. 

Dewis, J. and F. Freitas, 1970. "Physical and Chemical Methods of Soil and Water Analysis". Soil Bultin 10, 

FAO, Rome.  

Duan, Y.Y., L.Q. Zeng, Z.K. Zhang, G.B. Yang, and Mao, C. 2005. Effects of effective microorganisms on the 

growth of potatoes. Southwest China Journal of Agricultural Sciences, 18(6): 752-754. 

Duncan, D.B., 1955. Multiple Range and Multiple F Test. Biometrics,11: 11-44. 

http://www.cabdirect.org/search.html?q=au%3A%22Duan+YuYun%22
http://www.cabdirect.org/search.html?q=au%3A%22Zeng+LiQiong%22
http://www.cabdirect.org/search.html?q=au%3A%22Zhang+ZhongKai%22
http://www.cabdirect.org/search.html?q=au%3A%22Yang+GuoBin%22
http://www.cabdirect.org/search.html?q=au%3A%22Mao+ChengHua%22
http://www.cabdirect.org/search.html?q=do%3A%22Southwest+China+Journal+of+Agricultural+Sciences%22


492 
Middle East j. Appl. Sci., 4(3): 484-493, 2014 

    

EL-Desuki, M., 2004. Response of onion plants to humic acid and mineral fertilizers application. Annl. Agric. 

Sci., 42: 1955-1964. 

El-Sayed Hameda, E.A., A. Saif El Dean, S. Ezzat, A.H.A. El Morsy, 2011. Responses of productivity and 

quality of sweet potato to phosphorus fertilizer rates and application methods of the humic acid. Int. Res. J. 

Agric. Sci. Soil Sci., 1: 383-393. 

Erik, B., G. Feibert, C.C. Shock and L.D. Saundres, 2000. Evaluation of humic acid and other non-conventional 

fertilizer additives for onion productivity. Malheur Experiment Station, Oregon State University Ontario. 

Gedam, V.B., J.R. Rametke, Rudragouda, M.S. Power, 2008. Influence of organic manures on yield, nutrient 

uptake and change in physico-chemical properties of soil after harvest of groundnut. Crop Research, 36: 

111-114. 

Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agricultural Research. 2
nd

 Ed. John Wiely and 

Sons, pp: 680. 

Hafez, M. Magda, 2003. Effect of some sources of nitrogen fertilizer and concentration of humic acid on the 

productivity of squash plant. Egypt. J. Appl. Sci., 19: 293-309. 

Hartwigson, J.A. and M.R. Evans, 2000. Humic acid seed and substrate treatments promote seedling root 

development. HortScience, 35: 1231-1233. 

Hassanpanah, D. and A. Jafar, 2012. Evaluation of ‘Out Salt’ anti-stress material effects on mini-tuber 

production of potato cultivars under in vivo condition. Journal of Food, Agriculture & Environment., 10(1): 

256 - 259. 

Hesse, P.R., 1971. A Text Book of Soil Chemical Analysis. John Murry (publishers) Ltd, 50 Albermarle Street, 

London.  

Higa T., 1998. Effective microorganisms, concept and recent advances in technology . proc. conf. on effective 

microorganisms for a sustainable agriculture and environment. 4
th

 Int. Conf. Kyusei Nature Farming, 

Bellingham - Washington USA, pp: 247-248. 

Higa, T. and G.N. Wididana, 1991. Changes in the soil microflora induced by Effective Microorganisms. p. 

153-162. In J.F. Parr, S.B. Hornick, and C.E. Whitman. (ed.) Proceedings of the First International 

Conference on Kyusei Nature Farming. U.S. Department of Agriculture, Washington, D.C., USA. 

Higa, T. and J. Parr, 1994. Beneficial and effective microorganisms for a sustainable agriculture and 

environment. Atami, Japan: International Nature Farming Research Center. p. 7. Retrieved 21 January 

2008.  

Hopkins, B., J. Stark, 2003. Humic acid effects on potato response to phosphorus. Idaho Potato Conference, pp: 

87-92.   

Jouda, J., A. Lohmus, P. Laaniste, V. Eremeev and A. Makke, 2001. The effect of growth period and calcium 

nitrate fertilization on potato yield and relative leaf chlorophyll content. Better Crops International, 15 (1): 

10-12. 

Kandil, A.A., A.N. Attia, M.A. Badawi, A.E. Sharief and W.A.H. Abido, 2011. Effect of water stress and 

fertilization with inorganic nitrogen and organic chicken manure on yield and yield components of potato. 

Australian Journal of Basic and Applied Sciences, 5(9): 997-1005. 

Karam, F., Y. Rouphacl, R. Lahoud, J. Breidi, G. Coll, 2009. Influence of genotypes and potassium application 

rates on yield and potassium use efficiency of potato. J. Agro., 8(1): 27-32.  

Kotbe, H., S. Meineke and W.L. Zhang, 1995. Differences in organic and mineral fertilization on potato tuber 

yield and chemical composition compared to model calculation. Agribiol. Res., 48(4): 63-73. 

Mahmoud, A.R. and M. Hafez Magda, 2010. Increasing productivity of potato plants (Solanum tubersoum L.) 

by using potassium fertilizer and humic acid application. Int. J. Acad. Res., 2: 83-88. 

Maier, N.A., A. Dahlenburg and C.M.J. Williams, 1994. Effect of nitrogen, phosphorus and potassium on yield, 

specific gravity, crisp color and tuber chemical composition of potato. Austr. J. Experi. Agric., 34(6): 813-

824. 

Maier, N.A., M.J. Mclaughlin, M. Heap, M. Butt and M.K. Smart, 2002. Effect of nitrogen source and calcitic 

lime on soil pH and potato yield, leaf chemical composition and tuber cadmium concentrations. J. Plant 

Nutrition, 25(3): 523-544. 

McGregor, I., 2007. The fresh potato market. In: Vreugdenhil, D. (Ed.), Potato Biology and Biotechnology. 

Elsevier, Amsterdam., pp: 3-36. 

Nardi, S., G. Concheri, G. Dell’Agnola, 1996. Biological activity of humic substances in Piccolo, A., (ed.): 

Humic Substances in Terrestrial Ecosystems. Elsevier, Amsterdam, the Netherlands, pp: 361-406.  

Olsen, S.R. and L.E. Sommers, 1982. Phosphorus. In Methods of Soil Analysis part 2: Chemical and 

Microbiological Properties (ed. A. L. page). 2
nd

 ed., Amer. Soc. Agron. In. Soil Sci. Amer., Inc. Madison, 

Wisconsin, USA, Chapter, 24: 403-430. 

Osvalde, A., A. Karlsons, and G. Cekstere, 2012. The effect of humic substances on potato mineral nutrition and 

yield. NJF Report, (8)2: 24. 

http://emproducts.co.uk/downloads/EM.pdf
http://emproducts.co.uk/downloads/EM.pdf
http://emproducts.co.uk/downloads/EM.pdf


493 
Middle East j. Appl. Sci., 4(3): 484-493, 2014 

    

Perner, H., D. Schwarz, and E. George, 2006. Effect of mycorrhizal inoculation and compost supply on growth 

and nutrient uptake of young leek plants growth on peat-based substrates. Horti. Sci., 41: 628-632. 

Piper, C.S., 1950. Soil and Plant Analysis. Inter Science Publisher Inc. New York. 

Raupp, J., 1996. Quality investigations with products of the long term fertilization trial in Darmstadt. Institute 

for Biodynamic Res., 13-33 ISBN3-928949-08x.  

Schmidt, W., S. Santi, R. Pinton, Z. Varanini, 2007. Water-extractable humic substances alter root development 

and epidermal cell pattern in Arabidopsis. Plant Soil., 300: 259-267. 

Schulz, D.G., K. Koch, K.H. Kromer and U. Kopke, 1997. Influence of various growing methods – mineral, 

organic, biodynamic – of potatoes: Chemicla coposition, sensory tests, strength coefficients and picture 

forming methods. Institut fur organishen londbau., 4: 382-388. 

Selim, E.M. and A.A. Mosa, 2012. Fertigation of humic substances improves yield and quality of broccoli and 

nutrient retention in a sandy soil J. Plant Nutr. Soil Sci., 175: 273-281. 

Selim, E.M., A.S. El-Neklawy and A.A. Mosa, 2010. Humic acid fertigation of drip irrigated cowpea under 

sandy soil conditions. American Eurasian Journal and Environmental Sciences, 8(5): 538-543. 

Selim, E.M., A.A. Mosa and A.M. El-Ghamry, 2009. Evaluation of humic substances fertigation through 

surface and subsurface drip irrigation systems on potato grown under Egyptian sandy soil conditions. 

Agricultural Water Management, 96: 1218-1222. 

Snappl, S.S., J. Nyiraneza, M. Otto and W.W. Kirk, 2003. Managing manure in potato and vegetable systems. 

Michigan State University Extension. 

Suganya, S., R. Sivasamy, 2006. Moisture retention and cation exchange capacity of sandy soil as influenced by 

soil additives. J. Appl. Sci. Res., 2: 949-951. 

Van Gijessel, J., 2005. The potential of potatoes for attractive convenience food:focus on product quality and 

nutritional value. In: Haverkort A.J., Struik P.C. (Eds.), Potato in Progress Science Meets Practices. 

Wageningen Academic Publishers, Wageningen, The Netherlands., pp: 27-32. 

Vaughan, D., and R.E. Malcom, 1985. Influence of humic substances on growth and physiological processes, in 

Vaughan, D., Malcom, R. E. (eds.): Soil Organic Matter and Biological Activity. Martinus Nijhoff/ Dr. W. 

Junk Publishers, Dordrecht, the Netherlands, pp: 37-76. 

Vaughan, D., R.E. Malcom and B.G. Ord, 1985. Influence of humic substances on biochemical processes in 

plants, in Vaughan, D., Malcom, R. E. (eds.): Soil Organic Matter and Biological Activity. Martinus 

Nijhoff/ Dr. W. Junk Publishers, Dordrecht, the Netherlands, pp: 77-108. 

Vecchio, V., V. Marzi, L.D. Costa, L. Tedone, E. Palchetti, L. Andrenelli and L. Lovatti, 2002. Evaluation of 

the production of seed potato tubers used for out of season cultivation. In formatore Agrario., 58(8): 111-

115. 

Zarb, J., C. Leifert and A. Litterick, 2001. Opportunities and challenges for the use of microbial inoculants in 

agriculture. In Proceedings of the 6
th

 International Conference on Kyusei Nature Farming, South Africa, 

1999 Senanayake, Y. D. A. and Sangakkara U. R. (Ed). 

 


