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ABSTRACT 

 

 

1. INTRODUCTION 

Potato (Solanum tubrosum L.) is a 

very important crop for all people all over 

the world (Mlaviwa and Missanjo, 2019) 

and can be produced almost all year round 

in some countries (Assa, 2012). It is cheap, 

high in minerals, high in vitamins C and B, 

and high in carbohydrates. It is also a 

fantastic source of energy. large levels of 

fiber, unbound amino acids, and minimal 

fat (Muthoni and Nyamango, 2009). It is 

the world's most widely used tuber crop. 

Synergistic effects of mycorrhiza, effective microorganisms, 

compost tea, and mineral fertilizers on potato growth and disease 

management 
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Potato, a vital crop for human consumption worldwide, necessitates sustainable agricultural 

practices to ensure safe and high-quality tuber production. This study aimed to investigate the 

effects of combining mineral fertilizers with organic and biofertilizers, alongside a reduced dose of 

NPK (75% of the recommended rate), on the growth and yield of the potato cultivar Cara. 

Conducted in Isna (Upper Egypt), the experiment evaluated five fertilization treatments: Mycorrhiza 

+ 75% NPK, EM + 75% NPK, Compost Tea + 75% NPK, 75% NPK, and 100% NPK. The results 

demonstrated that combining reduced doses of mineral fertilizers with organic or biofertilizers 

significantly enhanced potato growth and increased total yield. The produced tubers exhibited lower 

nitrate and nitrite levels and higher protein content. Additionally, the Mycorrhiza + 75% NPK 

treatment effectively reduced natural infection rates of brown rot and early blight compared to 

treatments using mineral fertilizers alone. This fertilization strategy presents a promising approach 

for implementing good agricultural practices in potato production, encouraging farmers in Upper 

Egypt to adopt sustainable methods to meet both local and international market demands. 
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The FAO anticipated in late December 

2023 that the globe would produce 375 

million tons of potatoes in 2022, with China 

and India producing the majority of the 

crop at 95.5 million and 56 million tons, 

respectively.  

Germany produced 10.6 million tons, 

France produced 8 million tons, the 

Netherlands produced 6.9 million tons, the 

United Kingdom produced 4.80 million 

tons, and Belgium produced 3.6 million 

tons. In contrast, 18.5 million tons were 

generated in Russia, 20.9 million tons in the 

Ukraine, 17.8 million tons in the US, and 

6.2 million tons in Canada. Argentina 

produced two million tons, whereas 

Australia produced just one million. Egypt 

produced 6.1 million tons, whereas South 

Africa produced 2.5 million tons. Global 

harvesting in 2022 was 17,788,408 

hectares, somewhat less than in 2021 (FAO, 

2023). Egypt grows potatoes for both 

domestic use and export to other Arab and 

European nations (Abdel -Aal et al, 2023). 

The Minia governorate, located in Middle 

Egypt, is well-known for producing 

premium potatoes throughout the fall and 

winter seasons, spanning from December to 

May (Abdelmoneim et al., 2015 and Abdel-

Mageed et al., 2023) and serving as the 

primary supplier of potatoes to Esna and 

neighboring markets. Additionally, the 

governorate is the closest location to Esna 

city, the site of the experiment. 

One of the biggest problems in the 

modern world is soil contamination and 

pollution brought on by over use of 

chemical pesticides and fertilizers. 

Conversely, because they are less expensive 

and have a smaller environmental impact 

than mineral fertilizers, organic and 

biofertilizers are preferred. According to 

Farag et al. (2013), biological nitrogen, 

potassium, and phosphorus—found in 

bacteria, fungus, and cyanobacteria—might 

be the key to solving this kind of issue.  

Plant roots and other arbuscular 

vascular fungus (AMF) develop symbiotic 

connections. In order to participate in this 

collaboration, the fungus implants itself into 

the root system of the host plant, either 

externally (ecto mycorrhizal fungi) or 

inside the cells (arbuscular mycorrhizal 

fungi). They are essential to soil chemistry 

and soil microorganisms. Arbuscular 

mycorrhiza, which naturally occurs 

between plants and fungi belonging to the 

Glomeromycota family, is the most 

prevalent type of plant-fungal symbiosis. 

Pteridophyte, bryophyte, angiosperm, and 

gymnosperm roots are colonized by these 

fungi, which are found in a wide range of 

habitats, including woodlands, grasslands, 

agricultural regions, and many stressful 

situations. According to many experts (e.g., 

Lone et al., 2015 and Abdel-Aal et al., 

2023), endomycorrhizae are mycorrhizae 

that do not penetrate individual root cells, 

while entomycorrhizae are mycorrhizae that 

invade the cell membrane and hyphae. 

Mycorrhizal plants are more capable of 

photosynthesizing. Due to these benefits, 

AMFs are thought to be very significant 

because, because of their capacity to draw 

nutrients from less fertile soils, they can 

significantly improve crop growth, 

production, and quality while also reducing 

the need for phosphate-based fertilizers 

(Roy-Bolduc 2011). When referring to a 

collection of various beneficial soil 

microbes that are extracted from naturally 

rich soils and utilized in agricultural 

production, the term "effective 

microorganisms" (EM) is used (Mohan, 

2008). It appears that EM mostly serves to 

increase soil microbial diversity, which in 

turn increases agricultural productivity. 

According to research, photosynthetic 

bacteria, which account for most EM, work 
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with other microorganisms to feed plants 

and reduce the number of pathogenic 

bacteria (Condor et al., 2007).  

Compost teas are an organic solution 

made by fermenting compost in a liquid 

phase for a few days, either with or without 

aeration. Numerous studies, including Al-

Dahmani et al. (2003), claim that these 

extracts are combined with tap water in a 

range of ratios from 1:5 to 1:10 (v/v) of 

mature compost. In view of the increased 

concern for the safety of food and the 

environment in farming, compost teas are 

therefore being investigated as a potential 

replacement for widely used synthetic 

fungicides (Pane et al., 2012). The 

effectiveness of compost can be affected by 

differences in the types of compost, 

management techniques, and preparation 

techniques (Egwunatum and Lane, 2009; 

Pant et al., 2012). Recently, compost tea 

has become more and more well-liked as an 

alternative nutritional supplement for 

improved plant yields (Naidu et al., 

2013). Compost tea application enhances 

field vegetable (potato) health and disease 

resistance (Larkin, 2008). According to 

Siddiqui et al. (2011) and Moursy (2013), 

compost tea decreased soil fertilizer levels 

while simultaneously increasing crop use 

efficiency with mineral N fertilizer. This 

resulted in a decrease in environmental 

pollution. The objectives of this study are to 

evaluate the cultivation of potatoes in 

Upper Egypt, where farmers have limited 

experience with potato production, and to 

educate them on the application of organic 

and biofertilizers combined with a partial 

dose of recommended mineral fertilizers 

(NPK). The goal is to achieve a significant 

yield of high-quality and safe potato tubers 

by integrating sustainable agricultural 

practices. 

 

2. MATERIALS AND METHODS 

2.1. Experiment location and the used 

potato cultivar 

Two consecutive field experiments 

were conducted during the two fall seasons 

of 2021 and 2022 on a private farm in the 

village of Al-Nawaser, Esna city, Luxor 

Governorate, Egypt (Longitude: 

32.5146439; Latitude: 25.3678101; 

Elevation: 80m / 262feet; Barometric 

Pressure: 100Kpa). Local tuber-seeds of 

Cara potato variety were obtained from 

Minia Governorate and were selected for 

this study as a variety for both 

manufacturing and cooking purposes. The 

geographic map of Esna city is presented 

here: 

 

 

 

 

 

 

 

 

Figure 1: Geographical location of the experiment. 
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Figure 2. The mean minimum and maximum temperatures over the year (Source: 

https://weather-and-climate.com/average-monthly-Rainfall-Temperature-

Sunshine,esna-eg,Egypt).   

 

3.3. Average humidity 

 

 

 

 

 

Figure 3. The mean monthly relative humidity over the year (Source: https://weather-and-

climate.com/average-monthly-Rainfall-Temperature-Sunshine,esna-eg,Egypt) 

 

2.2.  Soil properties 

To determine the physio-chemical 

characteristics of the experiments soil, 10 

soil samples were randomly taken from the 

soil surface (depths of 5-15-30 cm) and 

were mixed well before analysis. 

Laboratory soil analyses were performed 

before planting the tuber-seeds in the winter 

seasons of 2021 and 2022 according to the 

standard methods mentioned by Wilde et al. 

(1985) and data are offered in table (1). 

The analyses were carried out at the 

Soil, Water, and Plant Materials Analysis 

Laboratory, Minia University, Egypt and 

included physical soil properties such as 

acidity, alkalinity, electrical conductivity, 

calcium carbonate content, and soil texture. 

Chemical soil properties were also 

analyzed, including water-soluble 

substances such as sodium, potassium, 

calcium, magnesium, chloride, carbonates, 

bicarbonates, Total of carbon and organic 

matter, nitrogen, available phosphorus, and 

available potassium. 
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Table 1: Physio-chemical characteristics of the soil samples taken in the winters of 2021 

and 2022 prior to planting.  
Particle size distribution 2021 2022 

Texture Sandy loam Sandy loam 
pH (1 : 2.5) soil water ratio ) 8.0 8.1 
E.C. (ds/m) 1.65 1.66 
Total carbonate - C % 0.66 0.65 
Organic matter % 1.13 1.12 
Available N % 0.17 0.18 
Available P (mg/kg) 18.0 20.0 
Available K (mg/kg) 430.0 434.0 

 

 

2.3. Aims of research 

This research aims to promote potato 

cultivation and production in Upper Egypt 

in general and in Luxor in particular; 

increase potato productivity and improve 

product quality. The study also aims to 

investigate the effect of EM biofertilizer, 

Mycorrhizae, and compost tea on potato 

growth and productivity along with soil 

properties by using a combination of 75% 

of nitrogen, phosphorus, and potassium 

(NPK) as mineral fertilizers plus these bio 

and organic fertilizers.  

2.4. Experimental design 

The Complete Randomized Block 

Design (RCBD) was used as all treatments 

were randomly distributed in 15 plots (5 

treatments were used, and three times were 

each treatment duplicated in three plots). 

Each plot area was 10.5 m
2
 (3 meters wide 

and 3.5 meters length) to present a one of 

400 of one feddan. Each plot consisted of 5 

lines and each line was 3.5 meters long and 

70 cm wide. The potato seed-tubers were 

planted inside the third top of the 

previously irrigated lines (after 5 days from 

the irrigation time). The five treatments 

used were as follow: 

1. EM + 75% of NPK 

2. Mycorrhiza + 75% of NPK 

3. Compost tea + 75% of NPK 

4. 75% of NPK 

5. 100% of NPK 

These recommended doses of NPK 

were 180 unit of nitrogen, 120 unit of 

potassium, and 96 unit of phosphorus from 

different mineral sources containing these 

elements. These recommended doses were 

utilized during soil preparation and 

irrigation water usage during the growing 

season, in addition to other suggested 

dosages of mineral fertilizers, as prescribed 

by the Egyptian Ministry of Agriculture and 

Soil Reclamation for potato cultivation and 

production e.g., calcium nitrate and micro 

elements. All other good agricultural 

practices recommended for potato 

production in Egypt in these growing 

environmental and soil conditions were 

followed. The EM biofertilizer and 

Mycorrhizae were obtained from the 

Microbiology Department at the Faculty of 

Agriculture, Minia University, and Compost 

Tea was obtained from the Nile company 

for compost production in New Minia city, 

Minia Governorate and this compost was 

prepared to be used as a solution mixed 

with the irrigation water. 
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 2.5. Determination of the degree of 

mycorrhizal colonization 

The samples of potato roots were 

mixed to make approximately 1 g FW, 

rinsed with tap water, and preserved in 70% 

alcohol before the VAM (Vesicular-

Arbuscular Mycorrhiza) colonization test. 

After storing the root samples, they were 

cut into pieces that were 1 cm in diameter. 

Following a 40-minute boil in 15% KOH, 

the samples were treated with aniline blue 

and then fixed in 40% lactic acid (Philips & 

Hayman, 1970). After suspending the 

stained roots in a few drops of lactic acid, 

they were placed on glass slides and 

examined under a microscope. The 

infection % in 100 pieces was calculated as 

follow:  

 
 

2.6. Experiment preparation and tuber-

seeds plantation 

Potato seeds were planted on October 

10
th

 and 11
th

 in two fall seasons of 2021 and 

2022, respectively. The above mentioned 

five treatments were applied twice; first 

after the complete emergence and the 

second time was applied two weeks after 

the first treatment. The application method 

was as follows: for EM and Mycorrhizae 

biofertilizers, 2 kg of black honey was 

added to 50 liters of water, then 4 liters of 

the treatment (EM or Mycorrhizae) were 

added, and 200 ml of the fertilizer was 

added to each plant near around the roots. 

For organic fertilizer, the compost was 

soaked in water for 24 hours with stirring 

every 4 hours, and 5 liters of Compost Tea 

were taken and diluted in 50 liters of water, 

and 200 ml of the solution was added to 

each plant near around the roots. Other 

recommended agricultural practices for 

commercial potato production under Luxor 

conditions were also implemented 

according to the instructions of the 

Egyptian Ministry of Agriculture. Data 

were recorded for the following plant 

characteristics: 

2.7 Growth characteristics 

A. Emergence % after 30 days from 

planting 

After counting the emerging tubers, the 

following formulas were used to estimate the 

emergence percentage: 

 
 

B. Vegetative growth characteristics 

Samples of 10 plants were randomly 

taken from each experimental plot to 

measure average fresh weight of the whole 

plant (kg), average number of main 

stems/plant average plant fresh weight (g), 

and average plant dry weight (g) 

 

C. Yield characteristics 

1. Tubers number /plant 

2. Tubers fresh weight/plant (kg) 

3. Total yield (ton/fed) 

 

D. Chemical characteristics analyses 

Each sample of dried plants was 

grinded and was prepared (about 100 g of 

dried leaves powder) to determine the 

following: 

1. In accordance with Jackson (1973), the 

Spectro-Photometer was utilized to 

measure the N% across the entire plant 

and % in whole plant, was measured by 

the Molybdenum Blue method, while 

K% was measured using the Flame 

Photometer 

2. Plant nitrogen, phosphorus uptake was 

determined by multiplying the average 

dry weight of the entire plant (g) X 

mineral% present in the whole plant. 
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3. The average protein content was 

calculated by, the average N% in the 

whole plant x 6.25. 

2.8. Early blight and roots rot 

infections determination 

To know the effect of the used fertilizers 

(organic, bio, and mineral) on the infection 

with roots rot in tubers and early blight in 

shoots, the infection percentages of these 

diseases were determined in all plants in each 

replicate of all treatments using the following 

equation: 

 
2.9. Statistical analysis 

Software version 4.0 of MSTAT-C was 

used to conduct the statistical analysis. 

Applying the standard deviation, we compared 

the mean values of the disease infection 

characteristics. Following the methodology 

outlined by Gomez and Gomez (1984), all 

data were analyzed using analysis of variance 

(ANOVA) techniques. The means of the 

treatments were compared using the LSD.  

 

3. RESULTS 

In general, all treatments of the used 

organic, and biological fertilizers when were 

used in combination with the mineral 

fertilizers significantly affected the studied 

characteristics. The used treatments changed 

the obtained potato tubers shape and other 

phenotypic characteristics (Figure 4).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of mycorrhiza, EM, compost tea and mineral fertilizers on tubers photos 

showing shapes and number/plant of potato (cv. Cara) grown in newly reclaimed 

lands. 

 

3.1. Potato growth characters 

3.1.1. Plant fresh weight (g) 

Data in table 2 showed that this 

characteristic was affected by the fertilization 

treatments as the obtained mean values were 

1400.4 g in the 1st season, and 1406 in the 2nd 

season.3 g and the full dose of NPK (T5) gave 

the heaviest value of plant fresh weight 

(1607.3 g and 1603.3 g) in the first and second 

seasons, respectively. Also, using compost tea 

+ 75% of NPK (T3) almost gave similar 

results to T5 (1507.3g and 1590.0 g) during 

two seasons, respectively with insignificant 

differences in the second season only followed 

by the other combinations of the used 

fertilizers (table 2).  

Mycorrhiza 

+ 75% NPK 
EM + 75% 

NPK 
Compost tea 

+ 75% NPK 
100% NPK 75% NPK 
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3.1.2. Plant dry weight (g) 

Table 2 is also showing the potato plant 

dry weight values and showed the differences 

in these values as affected by the fertilization 

treatments. The mean values of this 

characteristic were 178.7 g and 159.5 g and 

plants fertilized with only the full dose of 

NPK (T5) reached their peak in the first 

season at 176.0 g and in the second season at 

159.5 g followed by T1 and T3. T4 (75% 

NPK) gave the lowest values (142.3 g and 

143.3 g) with significant differences with all 

other fertilization combinations. 

 

Table 2: Effect of organic, bio and mineral fertilizers on plant fresh and dry weights of 

potato grown in two successive seasons; 2020/2021 and 2021/2022. 

Treatment 
Plant fresh weight (g) Plant dry weight (g) 

First season Second season First season Second season 

Mycorrhiza + 75% NPK 1458.0 c 1466.7 b 157.3 bc 162.3 b 

EM + 75% NPK 1336.0 d 1313.3 c 153.3 c 152.3 c 

Compost Tea + 75% NPK 1507.3 b 1590.0 a 164.7 b 163.0 b 

Control 75% NPK 1093.3 e 1058.3 d 142.3 d 143.3 d 

Control 100% NPK 1607.3 a 1603.3 a 176.0 a 176.3 a 

Mean 1400.4  1406.3 158.7 159.5 

LSD 39.54  72.30 7.80 5.09 

 

 

3.2. Potato yield components 

3.2.1. Total number of tubers/plant 

The mean values of this characteristic as 

described in table 3 were 11.9 and 11.6 in the 

two seasons, respectively and plants fertilized 

with T5 significantly gave the highest values 

(14.7 and 14.8) in the two seasons. Treatment 

T2 and T4 gave the lowest values (only 09.5, 

10.0 and 110, 09.8, respectively). T3 (compost 

tea + 75% of NPK) came in the middle of the 

other fertilization treatments.  

3.2.2. Single tuber fresh weight 

From potato plants fertilized with T3 and 

T5, the significant highest single tuber fresh 

weight values were 194.0 and 196.7 g in the 

first season, and 206.7and 200.0g in the 

second season, respectively in comparison to 

the other treatment, the mean values were 

184.3 and 1190.8g, respectively, according to 

table 3. 
 

3.2.3. Tubers fresh weight/plant 

Table 3 is describing the fresh weight 

of tubers per one plant (production of single 

plants) and showed that in the first season, 

fertilization treatments; T%, T3, and T2 

gave the highest values of this characteristic 

(1260.3 g, 1250.0 g, and 1202.3 g, 

respectively) but T4 (only 75% of NPK) 

significantly gave the lowest values (779.7 

g). Regarding the second season, the same 

trend is almost observed for all treatments.  
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Table 3: Effect of organic, bio and mineral fertilizers on single tubers fresh weight, total 

No. of tubers/plants, No of marketable tubers/plant and % of jumbo tubers (>4.5 

cm)/plant of potato grown in two successive seasons; 2020/2021 and 2021/2022. 
 

 

 

3.2.4. Number of marketable tubers 

plant
1
 

This character is describing the potato 

plants production of tubers good for 

marketing and table 3 is showing that the 

mean values of this character are 6.16 and 

11.91 tubers/plant. In general, values of 

marketable tubers produced from plants of 

the second season were higher than those of 

the first season. Moreover, the fertilization 

treatments; T4 and T3 resulted in the highest 

values of this characteristics (6.73, 14.67 

and 6.70, 13.6 tubers/plant in the first and 

second season, respectively) followed by the 

other treatments.   

3.2.5. Number of jumbo tubers (>4.5 cm) 

/plant 

Tubers produced from potato plants 

were sorted in different diameter sizes 

according to markets demand and this 

character is showing the jumbo tubers which 

their diameters are more than 4.5 cm. the 

obtained mean values of this characteristic 

were 52.2 and 56.1 % during both seasons, 

respectively. Potato plants treated with the 

treatment No 1 (T1; Mycorrhiza + 75% of 

NPK) produced the highest values in the 

first and second season (56.0 and 63.3 %, 

respectively but the EM + 75% of NPK (T2) 

also gave the highest value of jumbo tubers 

only in the first season (60.0 %) followed by 

the other treatments (table 3).  

 

3.2.6. Tubers fresh weight/fed
 

(total 

yield
/
fed) 

Yield per feddan was significantly 

affected by the applied fertilization 

combination mixes as described in table 4 

and the mean values were 13.8 and 14.3 

ton/fed. Interestingly, plants treated with 

compost tea + 75% of NPK produced the 

highest yield per feddan (16.5 and 16.7 ton 

/fed) in the first and second season, 

respectively with significant differences 

Treatment 

Single tuber weight (g) 
Total No. of 

tubers/plant 

No of marketable 

tubers/plant 

% of jumbo tubers 

(>4.5 cm)/plant 

First season 
Second 

season 

First 

season 

Second 

season 

First 

season 

Second 

season 

First 

season 

Second 

season 

Mycorrhiza 

+ 75% NPK 

179.7 c 182.7 c 10.8 c 10.7 c 6.03 b 6.73 c 56.0 a 63.3 a 

EM + 75% 

NPK 

186.3 bc 196.3 b 09.5 d 10.0 c 5.70 c 9.53 d 60.0 a 58.7 b 

Compost 

Tea + 75% 

NPK 

194.0 ab 206.7 a 13.6 b 12.8 b 6.70 a 13.6 b 49.3 b 52.7 c 

Control 75% 

NPK 

164.7 d 168.3 d 11.0 c 09.8 c 5.63 c 10.97 c 49.7 b 57.0 b 

Control 

100% NPK 

196.7 a 200.0 b 14.7 a 14.8 a 6.73 a 14.67 a 46.0 b 48.7 d 

Mean 
184.3  190.8 11.9 11.6 6.16 11.91 52.2 56.1 

LSD 
8.07  6.32 0.64 1.16 0.19 0.64 5.72 2.40 
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with all other fertilization treatments 

specially the full dose of NPK treatment 

(T5) which gave 13.7 and 13.9 ton/fed. On 

the other hand, T4 (75% of NPK) gave the 

lowest values (11.9 and 12.4 ton/fed) in the 

first and second season, respectively (table 

4).  

3.3. Chemical determinations in potato 

leaves and tubers 

3.3.1. Chlorophyll a, b, and carotenoids  

Table 5 is showing the content of 

pigments in potato leaves as influenced by 

the fertilization treatments and data in this 

table revealed that the average values of the 

determined three pigments were 2.67, 4.20, 

and 1.23 mg/g fresh weight of chlorophyll a, 

b, and carotenoids, respectively. T1 gave the 

highest value of Chlorophyll a (4.78 mg/g 

fresh weight) and gave the highest value of 

carotenoids as well (2.54 mg./g fresh 

weight) but gave the lowest value of 

chlorophyll b (3.40 mg fresh weight) 

comparing to the other treatments. 
 

 

Table 4: Effect of organic, bio and mineral fertilizers on total yield/ fed and tubers fresh 

weight/plant of potato grown in two successive seasons; 2020/2021 and 2021/2022. 

Treatment 

Total yield/fed (ton) Tubers fresh weight/plant (kg) 

First season 
Second 

season 
First season Second season 

Mycorrhiza + 75% NPK 13.0 c 13.6 c 1190.3 b 1193.3 c 

EM + 75% NPK 14.0 b 14.9 b 1202.3 ab 1245.0 bc 

Compost Tea + 75% NPK 16.5 a 16.7 a 1250.0 ab 1283.3 ab 

Control 75% NPK 11.9 d 12.4 d 779.7 c 786.7 d 

Control 100% NPK 13.7 bc 13.9 c 1260.3 a 1320.0 a 

Mean 13.8  14.3 1136.5 1165.7 

LSD 0.73  0.59 65.24 53.58 

 

Table 5: Effect of organic, bio and mineral fertilizers on chlorophyll a, b, and carotenoids 

content in leaves of potato. 

 

Treatment 

Chlorophyll ―a‖ (mg/g 

fresh weight) 

Chlorophyll ―b‖ 

(mg/g fresh 

weight) 

Carotenoids 

(mg/g fresh 

weight) 

Mycorrhiza + 75% NPK 4.783 a 3.40 b 2.54 a 

EM + 75% NPK 2.060 b 4.43 a 0.91 b 

Compost Tea + 75% NPK 2.133 b 4.46 a 0.89 b 

Control 75% NPK 2.187 b 4.36 a 0.90 b 

Control 100% NPK 2.167 b 4.36 a 0.90 b 

Mean 2.666  4.20 1.229 

LSD 0.61  0.5 0.29 
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3.3.2. Nitrogen content in leaves and 

tubers 

Potato leaves contained a percentage 

of 1.82 of nitrogen but tubers contained 3.70 

% as mean values as shown in table 6. 

Meanwhile, leaves and tubers of plants 

treated with the full dose of NPK 

significantly gave the highest values of 

nitrogen in leaves and tubers (2.13 and 4.23 

%, respectively) comparing to the other 

fertilization mixes.  

 

Table 6: Effect of organic, bio and mineral fertilizers on nitrogen, phosphorus, potassium, and 

protein content in leaves and tubers of potato. 

Treatment 

N % P % K % 

Leaves Tubers Leaves Tubers Leaves Tubers 

Mycorrhiza + 75% NPK 1.66 c 3.50 c 0.218 bc 0.205  2.15 e 3.24 d 

EM + 75% NPK 1.84 b 3.80 b 0.218 bc 0.242  2.45 c 3.45 c 

Compost Tea + 75% NPK 1.82 b 3.67 b 0.173 c 0.249  2.51 b 3.56 b 

Control 75% NPK 1.64 c 3.10 d 0.243 ab 0.203  2.27 d 3.04 e 

Control 100% NPK 2.13 a 4.23 a 0.292 a 0.285  2.68 a 3.90 a 

Mean 1.82  3.70 0.229 0.237 2.41 3.44 

LSD 0.124  0.25 0.05 0.06 0.06 0.08 

 

3.3.3. Phosphorus content in leaves and tubers 

The mean values of phosphorus (P%) in analyzed samples of potato leaves and tubers were 

0.229 and 0237 %, respectively as shown in table 6. Potato plants treated with T5 (full dose of 

NPK) showed that their leaves and tubers contained the significant highest values of phosphorus 

(0.292 and 0237 %, respectively) followed by the other treatments. 

3.3.4. Potassium content in leaves and tubers 

The average potassium level in the potato samples (leaves and tubers) was 2.41% and 

3.44%, respectively, according to the data in table 6. Additionally, the highest potassium content 

values (2.68 and 3.90%) were seen in the potato plant's leaves and tubers after treatment with the 

full dose of NPK, which was followed by the other treatments. 

3.3.5. Protein content in leaves and tubers 

Data in table 7 which is describing the effect of using different fertilization mixes on the 

amount of protein in potato tubers and leaves and the mean values of these treatments are 11.4 

and 23.1 % in leaves and tubers, respectively. Potato plants fertilized with the full dose of NPK 

(T5) gave leaves and tubers containing the significant highest values of protein (13.3 and 26.5%, 

respectively followed by the other treatments.  
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Table 7: Effect of organic, bio and mineral fertilizers on protein content in leaves and 

tubers of potato. 

Treatment 
Protein % 

Leaves Tubers 

Mycorrhiza + 75% NPK 10.4 c 21.9 c 

EM + 75% NPK 11.5 b 23.8 b 

Compost Tea + 75% NPK 11.4 b 24.2 b 

Control 75% NPK 10.2 c 19.4 d 

Control 100% NPK 13.3 a 26.5 a 

Mean 11.4 23.1 

LSD 0.76 1.55 
 

3.3.6. Nitrate and nitrite content in 

potato leaves and tubers 

The mean value of nitrate (NO3) 

content in the analyzed samples of potato 

leaves as shown in table 8 is 386.6 mg/Kg 

dry weight of those leaves and potato plants 

treated with the treatment No 5 (T5) which 

shows the full dose of NPK contained the 

significant highest values of nitrate (353.0 

mg/Kg of the dry weight followed by T1 

(365.0 mg/Kg dry weight), T4 (365.0 mg/Kg 

dry weight) and T2 (353.0 mg/Kg dry 

weight). However, the mean value of nitrate 

percentage in potato tubers is 890.1 mg/Kg 

of dry weight of the analyzed samples. Also, 

T5 gave the significant highest value 

(1186.7 mg /Kg dry weight) followed by T4, 

T1, and both T3 and T2 (table 8). Regards 

the nitrite (NO2) content in leaves and 

tubers of potato, potato leaves contained 

22.3 and 47.0 mg/Kg of the dry weight of 

the analyzed samples of leaves and tubers, 

respectively as mean values of nitrite 

content (table 8). Plants treated with T5 

(NPK full dose) contained the significant 

highest values of nitrite (28.1 and 58.0 

mg/Kg dry weight) in their leaves and 

tubers, respectively followed by the other 

treatment.    

3.4. Effect of fertilizer types on soil 

properties  

Table 9, 10 and 11 are showing the 

impact of the various fertilizers used in the 

experiments on soil characteristics 

comparing with the soil properties before 

plantation. The EC (electric conductivity) 

values were reduced in the soil because of 

the applied bio, organic and mineral 

fertilizers. Regards to the soil content of 

calcium chloride (CaCO3), this content was 

much decreased in the soil after the 

application of the fertilizers comparing with 

the higher content before plantation. 

Furthermore, the content of nutrient 

elements, e.g., Na, K, Ca, Mg, Cl, and N 

was reduced after adding the fertilizers and 

by the plant growth as the applied fertilizers 

made these nutrients available to the potato 

plants (table 9, 10 and 11). On the other 

hand, the organic fertilizers (compost tea + 

75% NPK) increased the soil content of 

available P and the total N.     
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Table 8. Effect of organic, bio and mineral fertilizers on nitrate (NO3), and nitrite (NO2) 

content in leaves and tubers of potato. 

Treatment 
Nitrate (NO3, mg/kg dry weight)   Nitrite (NO2, mg/kg dry weight) 

Leaves Tubers Leaves Tubers 

Mycorrhiza + 75% NPK 365.0 b 843.3 c 20.8 c 45.0 c 

EM + 75% NPK 353.0 b 723.3 d 20.2 cd 40.3 d 

Compost Tea + 75% NPK 315.0 c 763.3 d 19.7 d 44.5 c 

Control 75% NPK 365.0 b 933.7 b 22.5 b 48.0 b 

Control 100% NPK 353.0 a 1186.7 a 28.1 a 58.0 a 

Mean 386.6  890.1 22.3 47.2 

LSD 13.19  70.89 0.96 1.72 

 

Table 9. Effect of organic, bio and mineral fertilizers on soil properties before and after 

potato plantation. 

Sample pH EC ds/m CaCO3 

Soil samples analysis 

Particle size analysis 

sand % Clay % Silt % Texture 

Mycorrhiza + 75% NPK 8.5 0.44 2.21 80.7 14.5 4.8 Sandy loam 

EM + 75% NPK 8.1 0.79 2.03 82.6 12.4 5 Sandy loam 

Compost Tea + 75% NPK 8.0 0.57 2.05 84.9 12.6 2.5 Loamy sand 

Control 75% NPK 8.4 0.53 2.1 84.9 12.6 2.5 Loamy sand 

Control 100% NPK 8.2 0.45 1.97 85.0 12.5 2.5 Loamy sand 

Before planting 8.0 1.65 3.76 82.3 15.2 2.5 Sandy loam 

 

 

Table 10. Effect of organic, bio and mineral fertilizers on soil contents of water-soluble salts 

before and after potato plantation. 

 

Sample 
Water soluble salts (1:5) me /100 g soil 

Na K Ca Mg Cl CO3+HCO3 

Mycorrhiza + 75% NPK 0.42 0.15 0.8 0.4 1.46 1.63 

EM + 75% NPK 0.28 0.12 1.6 0.3 1.36 1.5 

Compost Tea + 75% NPK 0.33 0.12 1..1 0.3 1.06 1.3 

Control 75% NPK 0.28 0.13 1 0.2 1.06 1.3 

Control 100% NPK 0.2 0.11 0.9 0.4 0.8 1.07 

Before planting 0.69 0.29 3 1.2 1.65 1.89 
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Table 11: Effect of organic, bio and mineral fertilizers on soil contents of available elements 

(N, P, and K) before and after potato plantation. 

Sample 
Water soluble salts (1:5) me /100 g soil 

Total N % Available P (mg/kg) Available K (mg/kg) 

Mycorrhiza + 75% NPK 0.18 21 290 

EM + 75% NPK 0.16 16 190 

Compost Tea + 75% NPK 0.21 25 210 

Control 75% NPK 0.19 23 220 

Control 100% NPK 0.17 18 200 

Before planting 0.17 18 430 

 

3.5. Effect of EM and mycorrhiza 

inoculation on microbial population 

and mycorrhizal colonization of the 

soil planted with potato 

As shown in table 12, data in this table 

is showing that adding the EM to the soil 

planted with potato increased the soil 

content of bacteria from 54x10
5
 (before 

inoculating the soil) to 208x10
5
. also, the 

mycorrhiza inoculation increased the soil 

content of bacteria to 130x10
5
. regarded to 

the soil content of fungi, inoculating the soil 

with EM increased the soil content of fungi 

from 39x10
5
 (before inoculation) to 70x10

5
 

after inoculation and the mycorrhiza 

inoculation increased the soil content of 

fungi to 139x10
5
. The actinomycetes and 

azotobacter numbers were also increased by 

about 1.5 times with the inoculation of EM 

and mycorrhiza.  The azospirillum content 

of the soil was almost doubled by the 

inoculation of EM and mycorrhiza. In 

regards to the mycorrhizal colonization 

percentages, inoculating the soil with 

mycorrhiza increased the mycorrhizal 

colonization percentage up to eight times 

(79%) comparing 10% colonization before 

the inoculation (table 12). 
 

Table 12. Effect of EM and mycorrhizal inoculation on microbial population and 

mycorrhizal colonization of potato plants grown in sandy soil. 

Colonization (%) 10
3
 10

3 
10

4 
10

5 
10

5 
Treatment 

Azospirillum Azotobacter Actinomycetes Fungi Bacteria 

10 40 86 31 39 54 T1 

32 65 90 37 64 112 T2 

37 90 105 28 70 208 T3 

79 80 135 40 139 130 T4 

T1: Soil without inoculation, T2: Soil with inoculation (Soil only), T3: EM+ soil, T4: Mycorrhiza + soil. 
 

3.6. Early blight and brown rot 

infections 

Natural infection with potato plants 

early blight and tubers brown rot were 

surveyed and detected. Figure 5 showed that 

potato plants differed in their symptoms of 

early blight and the treatment with 

mycorrhiza+75% NPK showed the lowest 

percentage of infection (49%), whereas the 

treatment with 100% of the recommended 



Minia J. of Agric. Res. & Develop., Minia Univ., Vol. 44 (3): 355 - 377, 2024 

369 
 

doses of NPK showed the highest 

percentage of infection (71%). The other 

treatments showed percentage of infection in 

between those two treatments. Regarding the 

infection with the brown rot in potato tubers 

treated with different treatments, plants 

treated with mycorrhiza +75% NPK showed 

a zero percent of infection and both 

EM+75% NPK (Figure 5) and compost 

tea+75% NPK showed the highest obtained 

percentages (11.7 and 11.2%, respectively). 

The single treatments with 75% NPK and 

100% NPK gave 5.2% and 7.6%, 

respectively (Figure 6). 
 

 

 

 

Figure 5. Effect of mycorrhiza, EM, compost tea and mineral fertilizers on potato 

percentage of early blight infection. 
 

 

Figure 6. Effect of mycorrhiza, EM, compost tea and mineral fertilizers on potato 

percentage of brown rot infection. 
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DISCUSSION 

The results of this study, which make 

use of various mixes of mineral, organic, 

and biological fertilizers, are highly 

advantageous for agriculture, science, and 

the economy. Comparing these fertilizer 

combinations to applying solely mineral 

fertilizers, the development of potato plants 

was enhanced, the overall production of 

tubers increased, and the number of early 

blight infections decreased. Many people 

have turned to artificial fertilizers in an 

effort to increase crop yields and reduce 

food insecurity as a result of the global issue 

of infertile agricultural soil. An increasing 

amount of artificial fertilizers are needed 

due to soil nutrient replenishment and the 

unavoidable improvement in crop yield and 

quality. Because of its high crop production 

and high plant biomass, mineral fertilizers 

are becoming more and more popular (Guo 

et al., 2010).  

However, studies have demonstrated 

that the usage of heavy chemical fertilizers 

can result in metal pollution, nutritional 

toxicity, soil acidification, groundwater 

contamination, greenhouse gas emissions, 

and fertilizer residue accumulation (Han and 

Zhao, 2009; Sierra et al., 2015).  

About 30 to 50 percent of chemical 

fertilizers actually reach crops, with the 

remaining portion ending up in the 

environment, according to Mózner et al. 

(2012). Organic and bio fertilization can 

improve the physical, chemical, and 

biological properties of the soil, resulting in 

increased plant development and yield 

(Stephen et al. 2014; Mitran et al. 2017). 

This is due to the fact that these techniques 

make use of a lot of organic matter, which is 

produced by plenty of bacteria. 

Scientists have spent decades refining 

microbiological techniques such as 

biocontrol and biofertilizer agents, which are 

mixtures of bacteria and fungus that improve 

plant health and growth. Mahanty et al. 

(2016) claim that biofertilizers have a 

number of environmentally friendly 

strategies to boost crop yields. By 

populating the rhizosphere, or the inside 

tissues of the plant, living bacteria found in 

biofertilizers, on the other hand, promote 

plant development whether applied to the 

surfaces of plants, seeds, or soil. 

Verma et al. (2019) claim that 

biofertilizers may break down organic 

molecules, create plant hormones, oxidize 

sulfur, fix nitrogen, and dissolve phosphate. 

By cycling nutrients, biofertilizers 

frequently guarantee the best potential crop 

development and growth (Phadwaj et. Al., 

2014). On the other hand, pesticides' 

harmful effects might be lessened by 

biocontrol agents. Biological control, an 

alternative to chemical pesticides, uses 

microorganisms and other living things to 

control plant diseases. Microorganisms' 

biocontrol powers are enhanced by the 

production of antibiotic enzymes and 

compounds by bacteria, which can deplete 

iron from the rhizosphere and induce 

systemic resistance by lysing the fungal cell 

wall (Parani and Saha, 2012).  

Applying biofertilizers is one tactic to 

enhance soil microbial condition, which 

affects nutrient accessibility and organic 

matter breakdown (Chaudhary and Sharma, 

2019). Because biofertilizers can improve 

soil microbial diversity, they may be able to 

help environmentally aware farmers achieve 

higher agricultural yields (Agri et al., 2022). 

This was evident in these experiments, 

where we observed that applying 75% of the 

recommended doses of NPK in conjunction 

with compost tea, EM, and mycorrhizae 

applications increased soil prosperities, the 

vigorous growth of potato plants, and the 
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production of marketable tubers compared 

to the control treatment (100% of NPK). 

Dormant or active, the microorganisms 

included in biofertilizers can support a wide 

range of biological processes that can 

change nutrients from an inaccessible to an 

accessible condition (Gaur, 2010). In order 

to preserve the fertility of agricultural soil, 

biofertilizers can be applied successfully, 

according to Kannaniyan (2002). Many 

studies have shown that biofertilizer 

improved agricultural productivity and plant 

growth when compared to the control group 

(Atimanew and Adholeya, 2022; Clarson, 

2004; Malboobi et al., 2009; Abu El-Khair 

et al., 2011; El-Sayed et al., 2015). 

According to our findings, bacterial 

inoculation increased potato yield when 

compared to the control group.  

It seems sense that beneficial bacteria 

like Bacillus and Azotobacter found in 

biofertilizers could promote plant growth. 

Jen-Hshuan (2006) claims that Azotobacter 

spp. produce antifungal compounds that help 

plants fight off a variety of plant diseases, 

thereby increasing plant output. The 

nitrogen-fixing bacteria Azotobacter and 

Azospirillium thrive best in the root zone, 

which raises the amount of nitrogen 

available in the soil. Because nitrogen is 

essential for the growth of the shoot system, 

aids in reproduction, and is the main 

component of chlorophyll—the pigment that 

gives plants their green hue and powers 

photosynthesis—plants depend on nitrogen 

as a macronutrient (Sandha et al., 2021).  

A drop in abscisic acid, an increase in 

mineral absorption, and the production of 

phytohormones such cytokinin and IAA 

GAs could be the causes of the improved 

potato yield from biofertilizers (Elhakim et 

al., 2016). Our results demonstrate that 

potato tubers inoculated with Azospirillum 

and Azotobacter greatly enhanced growth 

features, which is consistent with other 

studies. This was explained by the creation 

of phytohormones such as auxin, cytokinin, 

gibberellins, and abscisic acid, which 

increase plant development and productivity 

(Bottini et al., 2004). Beneficial bacteria can 

improve the quality of the soil (Nayak et al., 

2020; Ngilangil and Vilar, 2020).  

The beneficial impacts of 

microorganisms on soil structure, namely 

how they can make the soil less compact, 

better draining, and more friable, were 

highlighted in a study conducted by Gang et 

al. (2022). This could lead to conditions that 

are more conducive to plant growth. The 

level of soil organic carbon (SOC) rose 

when we treated the soil with EMs and 

mycorrhiza. Soil organic carbon is directly 

impacted by the diversity of soil bacteria 

(Buyer et al., 2010). An increase in SOC 

stimulates the biological activity of the soil, 

improving nutrient use efficiency and 

increasing nutrient availability for the 

developing plant. In comparison to soil 

fertilized with mineral fertilizers, soil 

fertilized with biofertilizers exhibited higher 

levels of phosphate and potassium.  

These results showed a clear 

correlation between the inoculation content 

and the available nutrients in the soil. The 

addition of biofertilizers may increase soil P 

availability because they foster a greater 

population of bacteria that can solubilize soil 

P. Biofertilizers, according to Kumar et al. 

(2001), boost P absorption by increasing the 

solubility of insoluble P in soil. Our results 

are in agreement with those of Ramalkashi 

et al. (2008). K+ absorption is greatly 

enhanced by biofertilizers that change the 

ion selectivity of the soil, as noted by 

Hamdia et al (2005). Using biofertilizers 

resulted in the buildup of N, P, and K 

independently, which helped to maintain the 

nutritional balance, according to Adesete et 

al. (2008) and Egamberrdiveva (2007). 
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The findings of these investigations 

may represent a positive development for 

safe, clean agriculture and the production of 

nutritious, wholesome potato tubers. 

Additionally, as farmers in the Upper Egypt 

districts are unfamiliar with potato 

plantations, this will lower the cost of potato 

production and encourage them to cultivate 

and produce potatoes on their fields. These 

farmers only grow common crops like corn, 

wheat, and sugar cane, which are labor-

intensive for the soil and not very profitable.  

Since farmers in these districts do not 

plant potatoes in their fields and because 

residents of these districts spend a lot of 

money on potato purchases, potato tubers 

are transported from other Egyptian 

governorates, such as Minia (Middle Egypt 

governorate), to the Upper Egypt 

governorates, such as Esna, Luxor, and 

Aswan. Therefore, encouraging more people 

to cultivate potatoes in these areas will 

lower the cost of potato goods (both fresh 

and processed). 

 

CONCLUSION 

This study investigated the impact of 

combining mineral fertilizers with organic 

and biofertilizers on potato cultivation in 

newly reclaimed lands of Upper Egypt. The 

application of partial doses of mineral 

fertilizers (75% of the recommended NPK) 

in combination with mycorrhiza, Effective 

Microorganisms (EM), and compost tea 

significantly enhanced potato plant growth 

and increased total yield. The resulting 

potato tubers were of high quality, with 

lower nitrate and nitrite contents, and higher 

protein levels. Notably, the treatment of 

Mycorrhiza + 75% NPK effectively 

inhibited natural infection by brown rot and 

reduced early blight incidence compared to 

single mineral fertilizer treatments. These 

findings suggest that integrating organic and 

biofertilizers with reduced mineral fertilizer 

doses can improve potato production while 

promoting sustainable agricultural practices. 

This approach holds promise for 

encouraging farmers in Upper Egypt to 

adopt potato cultivation, thereby enhancing 

local food security and providing economic 

benefits by meeting the demands of both 

domestic and international markets.  
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 انمهخص انعربى

 

 دراسة تأثير بعض المركبات العضوية والمخصبات الحيوية على نمو وانتاجية البطاطس

 راضي المستصلحة حديثا  في الأ

 محمذ أحمذ محمىد خٍر، أسماء صلاح عزات، إسماعٍم أبى بكر عبذ انىهاب طنطاوي، ٌاسر محمىد محمذ مصطفى

 جمهىرٌة مصر انعربٍة –جامعة انمنٍا  –كهٍة انزراعة  –)خضر(  قسم انبساتٍن

 

( ٔالأسًذة انؼضٕٚت ٔانحٕٛٚت يغ الأسًذة انًؼذَٛت انًفشدة NPK% يٍ الأسًذة انًؼذَٛت )75نذساست حأرٛش حٕنٛفبث يٍ         

  2022ٔ  2021%: أصشٚج حضشبخبٌ حمهٛخبٌ يخخبنٛخبٌ خلال يٕسًٙ انخشٚف 100% ٔ 75بُسبت 

 فٙ يضسػت خبصت بمشٚت انُٕاصش، يذُٚت إسُب، يحبفظت الألصش، صًٕٓسٚت يصش انؼشبٛت.

حى انحصٕل ػهٗ انذسَبث انًحهٛت نصُف انبطبطس كبسا يٍ يحبفظت انًُٛب ٔحى اخخٛبسْب نٓزِ انذساست كصُف لأغشاض         

 15حٛذ حى حٕصٚغ صًٛغ انًؼبيلاث ػشٕائٛبً فٙ  (RCBD) انخصُٛغ ٔانطٓٙ يؼبً. ٔاسخخذو حصًٛى انمطبػبث انؼشٕائٛت انكبيهت

يخشًا  10.5يؼبيلاث، ٔحى حكشاس كم يؼبيهت رلاد يشاث فٙ رلاد لطغ(. حبهغ يسبحت كم لطؼت أسض  5لطؼت )حى اسخخذاو 

ت يٍ ٔحذة نهفذاٌ انٕاحذ. ٔحخكٌٕ كم لطؼ 400يخشًا( نخشكم يسبحت لذسْب ٔحذة ٔاحذة يٍ  3.5أيخبس ٔطٕل  3يشبؼًب )ػشض 

سى. حًج صساػت دسَبث انبطبطس داخم انزهذ انؼهٕٖ نهخطٕط انًشٔٚت  70يخش ٔػشضّ  3.5خطٕط ٔٚبهغ طٕل كم خظ  5

 :أٚبو يٍ ٔلج انش٘(. ٔكبَج انًؼبيلاث انخًست انًسخخذيت ػهٗ انُحٕ انخبنٙ 5سببمبً )بؼذ 

1. EM + 75% of NPK 

2. Mycorrhiza + 75% of NPK 

3. Compost tea + 75% of NPK 

4. 75% of NPK 

5. 100% of NPK 

)انخٙ أٔصج بٓب ٔصاسة انضساػت ٔاسخصلاط انخشبت انًصشٚت نضساػت ٔإَخبس  NPK ٔكبَج انضشػبث انًٕصٗ بٓب يٍ         

ٔحذة فٕسفٕس يٍ يصبدس يؼذَٛت يخخهفت ححخٕ٘ ػهٗ ْزِ  96ٔحذة بٕحبسٕٛو، ٔ 120ٔحذة َٛخشٔصٍٛ، ٔ 180انبطبطس( ْٙ 

ِ انضشػبث أرُبء ححضٛش انخشبت ٔيغ يٛبِ انش٘ خلال يٕسى الإَخبس ببلإضبفت إنٗ انضشػبث الأخشٖ انؼُبصش. حى اسخخذاو ْز

انصغشٖ. ٔحى احببع صًٛغ انًًبسسبث انضساػٛت انضٛذة انًٕصٗ بٓب يٍ الأسًذة انًؼذَٛت يزم َخشاث انكبنسٕٛو ٔانؼُبصش . ٔحى ا

الأخشٖ انًٕصٗ بٓب لإَخبس انبطبطس فٙ يصش فٙ ظم ْزِ انظشٔف انبٛئٛت ٔانخشبت حذٚزت الأسخصلاط. ٔلذ حى انحصٕل ػهٗ 

صٕل ػهٗ شب٘ ٔانًٛكٕسٚضا يٍ لسى انًٛكشٔبٕٛنٕصٛب انضساػٛت بكهٛت انضساػت صبيؼت انًُٛب، كًب حى انح EM انسًبد انحٕٛ٘

انكٕيبٕسج يٍ ششكت انُٛم لإَخبس انسًبد بًذُٚت انًُٛب انضذٚذة بًحبفظت انًُٛب ٔحى حضٓٛض ْزا انسًبد لاسخخذايّ كًحهٕل ًٚكٍ 

 .اسخخذايّ نشٖ انُببحبث بّ رى انش٘ انؼبدٖ بؼذِ
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 :ًتم دراسة انصفات انبستانٍة وانكٍمٍائٍة وانمٍكروبٍىنىجٍة انمختهفة عهى اننحى انتان

 صفات اننمى: ( أ

 .ٕٚيبً يٍ انضساػت 30َسبت إَببث بشاػى انبطبطس يٍ انذسَبث بؼذ  -أ

 خصائص اننمى انخضري. ب

 )كضى( انٕصٌ انطبصس نهُببث بأكًهّيخٕسظ  .1

 ثػذد انسٛمبٌ انشئٛسٛت/انُببيخٕسظ  .2

 (ٔصٌ انُببث انطبصس )صىيخٕسظ  .3

 (انٕصٌ انضبف نهُببث )صىيخٕسظ  .4

 صفات انمحصىل:. ج

 ثػذد انذسَبث / َببيخٕسظ  .1

 )كضى( ٔصٌ انذسَبث انطبصصت/َببثيخٕسظ  .2

 (انًحصٕل انكهٗ )طٍ/فذاٌيخٕسظ  .3

 تحهٍم انخصائص انكٍمٍائٍة: -د

 :صشاو يٍ يسحٕق الأٔساق انًضففت( نخحذٚذ يب ٚهٙ 100حى طحٍ كم ػُٛت يٍ انُببحبث انًضففت ٔححضٛشْب )حٕانٙ 

  (N) انُٛخشٔصٍٛ بت. َس1

  (P) َسبت انفٕسفٕس .2

 . (Kَسبت انبٕحبسٕٛو ) .3

 انكهٗ. َسبت انبشٔحٍٛ .4

 . (NO2) ٔانُخشٚج (NO3) انًحخٕٖ يٍ انُخشاث .5

 .انًحخٕٖ يٍ صبغبث انكهٕسٔفٛم ٔانكبسحَٕٛبث .6

 نؼفٍ انبُٗ فٙ انذسَبث انُبحضت.ححذٚذ الإصببت ببنهفحت انًبكشة ػهٗ انًضًٕع انخضشٖ نهُببحبث أرُبء انًُٕ ٔا -ْـ

نًؼشفت حأرٛش الأسًذة انًسخخذيت )انؼضٕٚت ٔانحٕٛٚت ٔانًؼذَٛت( فٙ الإصببت بًشض انؼفٍ انبُٗ فٙ انذسَبث ٔانهفحت       

 انًبكشة فٙ الأفشع حى ححذٚذ َسب الإصببت بٓزِ الأيشاض فٙ صًٛغ انُببحبث فٙ كم يكشسة نضًٛغ انًؼبيلاث.

( ببنضشػبث انًٕصٗ بٓب أٔ حٕنٛفت NPK% يٍ انـ 100% أٔ 75انُخبئش أٌ اسخخذاو الأسًذة انًؼذَٛت انًفشدة )أظٓشث         

، ٔشب٘ انكًبٕسج( أػطج َخبئش صٛذة ٔيخخهفت EMيغ الأسًذة انؼضٕٚت ٔانحٕٛٚت )انًٛكٕسٚضا،  NPK% يٍ انـ 75يٍ 

يصش. فمذ أظٓشث انُخبئش أٌ اسخخذاو صشػبث صضئٛت يٍ  ًٔٚكٍ حطبٛمٓب فٙ الأساضٙ انًسخصهحت حذٚزبً فٙ يُطمت صؼٛذ

الأسًذة انًؼذَٛت يغ الأسًذة انؼضٕٚت أٔ انحٕٛٚت أدٖ إنٗ حؼضٚض ًَٕ َببحبث انبطبطس ٔصٚبدة انًحصٕل انكهٙ يغ إػطبء دسَبث 

إنٗ حزبٛظ  NPK% 75صحٛت صٛذة ححخٕ٘ ػهٗ َسبت ألم يٍ انُخشاث ٔانُخشٚج. ػلأة ػهٗ رنك، أدث يؼبيهت انًٛكٕسٚضا + 

الإصببت انطبٛؼٛت ببنؼفٍ انبُٙ فٙ دسَبث انبطبطس ٔحمهٛم الإصببت انطبٛؼٛت ببنهفحت انًبكشة يمبسَت ببنًؼبيهت انًُفشدة ببلأسًذة 

انًؼذَٛت. ًٔٚكٍ اػخببس ْزِ انًؼبيلاث َٓضبً ٔاػذاً َحٕ حطبٛك انًًبسسبث انضساػٛت انضٛذة فٙ إَخبس انبطبطس ٔحشضٛغ 

 ٍٛ انًصشٍٚٛ فٙ يُطمت انصؼٛذ فٙ يصش انؼهٛب ػهٗ صساػت ٔإَخبس انبطبطس نلأسٕاق انًحهٛت ٔانخبسصٛت.انًضاسػ


