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he effect of different fertilization regimes on potato bacterial wilt, 

caused by Ralstonia solanacearum was evaluated in four different 

naturally infested districts in two successive years 2013 and 2014. The 

effect of different fertilization components on disease suppression and 

potato yield varied from place to another according to different edaphic 

factors. Area 1 (Manyl-Arus) with clay soil was characterized by high 

C/N ratio (13) and low electric conductivity EC (0.06 ds/m). Area 2 

(Ganoub El-Tahrir) with sandy soil was characterized by low C/N ratio (5) 

and low organic matter (OM). Area 3 (Talia area) with clay soil was 

characterized by high EC (0.37 ds/m), high OM (2.2%) and high total 

organic carbon (TOC) (0.99%). While, area 4 (Wardan area) with sandy 

soil was characterized by high pH (8.8) and low TOC (0.04%). NPK 

showed a remarkable disease suppression that was most clear under high 

alkalinity at area 4. NPK improved potato yield with a reasonable increase 

in amino acids in root exudates. Replacing potassium with magnesium 

(NPMg) suppressed the disease at different areas and decreased 

Peroxidase (PO), Polyphenol oxidase (PPO) with a remarkable increase in 

Tyrosin ammonia lyase (TAL) activities. Apparent vegetative growth 

and/or potato yield were recognized in this treatment. Disease suppression 

by replacing potassium with calcium (NPCa) was correlated with decrease 

in PO, PPO and an increase in Catalase (CAT) activities. Composted 

chicken manure suppressed the disease only in soil of area 1 and plant 

rhizosphere of area 4. The disease decline in area 1 was correlated to the 

decreased activity of PO & PPO and increased ones in TAL (similar to 

NPMg treatment). High ammonium and low content of variety of amino 

acids were shown in potato root exudates with dominance of glycine, 

proline, serine and threonine. Plant-animal compost complex suppressed 

the disease at area 1 and area 4 but not at area 3. The complex treatment 

showed an increase in both amino acids and NH4+ as compared to 

untreated control. High ratio of aspartic (acidic) and arginine (basic) was 

recorded. Plant-animal compost complex showed a remarkable decrease in 

soil organic matter which was associated with a narrow C/N ratio and 

limited N and K plant uptake at Talia area.  
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Potato brown rot (bacterial wilt), caused by R. solanacearum race 3 biovar 2 

(Phylovar II, sequevar 1), is ranked as the second most important pandemic bacterial 

plant pathogens. Up to 90 % crop loss due to the disease was recorded in different 

areas worldwide (Elphinstone, 2005). The pathogen is able to survive in soil for long 

period, spread through irrigation and drainage water and survive in alternative weeds 

hosts (Wang and Lin, 2005). Deficiencies of certain elements often resulted in an 

increase susceptibility to diseases. Meanwhile, high calcium is often positively 

related to increased resistance against bacterial diseases as it is considered as a plant 

defense signaling key (Lecourieux et al., 2006). Also, Organic amendments often 

cause faster decline of R. solanacearum in soil along with disease suppression as 

postulated by Messiha et al. (2007), Messiha et a., (2009) and Hagag et al. (2015). 

The amino acids content in root exudates reflects plant growth, and affects root 

colonizing microorganisms as well as pathogen fitness (Moe, 2013). Root exudates 

have a signaling role in the pathogenesis process when plant is under threaten by 

different pathogens (Ryan and Delhaize, 2001). High amino acids content attracts 

non-pathogenic microorganisms such as some fluorescent pseudomonads (Katsuwon 

and Anderson, 1990), and playing an important role in survival of specific 

biocontrol agents in plant rhizosphere (Elhalag et al., 2015). 

Enzymes such as phenylalanine ammonia-lyase (PAL), peroxidase (PO), 

polyphenoloxidase (PPO), catalase (CAT) play important roles in disease progress 

(Taranto et al., 2017 and Zhao et al., 2008). Phenyl alanine ammonia lyase (PAL) 

catalyzes the biosynthesis of phenolics, phytoalexin and lignin (Boubakri et al., 

2013). Pathogenesis is always associated with generation of reactive oxygen species 

(ROS). Several enzymes are involved in removal of ROS and hence enhance plant 

defense such as PO and CAT enzymes (Sharma et al., 2012)  

The objective of this work is the study of certain regimes of fertilizers 

application and their influence on potato as related to brown rot disease progress as 

well as crop production. 

M a t e r i a l s  a n d  M e t h o d s  

The effect of different organo-chemical fertilization regimes on potato brown rot 

was evaluated in four naturally infested fields during two successive years 2013 and 

2014, in different soil textures. The experimental locations were selected in area 

1(clay soil) at Manyl Arus, Minufiya; area 2 (sandy soil) at Ganoub El-Tahrir, 

Behera; area 3 (clay soil) at Talia- Minufiya and area 4 (sandy soil) at Wardan, Giza 

governorate.  

Susceptible potato variety, “Lady Rosetta”, was used for planting during the first 

year in area 1 and 2 (31° 1'45.94"E; 30°13'7.17"N) and (30°43'24.60"E, 

30°29'22.80"N), respectively. Early maturing potato variety, Spunta, was used for 

planting in clay soil area 3 and 4 (30°58'28.69" E, =30°15'49.54" N) and 
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30°56'8.93"E, 30°20'29.31"N) during the second year. Each treatment was replicated 

by three plots, each plot was 10x10 m
2 

with 1 m interspace between different plots. 

The factorial experiment was designed and statistically analysed as completely 

randomized trials. The following treatments were made. 

1- Control un-treated; 

2- NPK (N (170kg/ha) + P (52kg/ha) + K (206kg/ha));  

3- NPMg (K was replaced by Mg (30kg/ha));  

4- NPCa, K was replaced by Ca (30kg/ha));  

5- Composted chicken manure 2.76, 0.89 and 2.74%, respectively NPK) for the 

first year and (2.3, 1.6 and 2.87 % respectively for NPK) for the second year;  

6- Plant animal compost (1:1 wt.) (NPK 0.44, 0.12 and 1.36%) for the first year 

and (0.86%, 0.39% and 0.57% NPK) for the second year. 

The amount of applied nitrogen was standardized to be 170 Kg N/ha, from 

different organic and inorganic sources. The applied mineral nitrogen was divided 

into three equal doses according to growth stages as concerning vegetative growth, 

tuberization and tuber bulking stages. Potassium sulphate was applied at equal doses 

at the second and third potato growth phases only. Organic fertilizers were applied 

during agricultural practices prior planting.  

Soil and plant analysis 

Soil samples were collected from untreated soils at Zero time before planting and 

after 90 days from planting for other treatments for analysis. Analysis was done at 

the "National Research Center", Dokki, Egypt. Analysis included determination of 

pH, electric conductivity (EC), organic matter (OM), NPK contents and C/N ratio 

following the protocols described by Farag et al., (2017).   

Effect of fertilization regimes on bacterial wilt incidence: 

Wilt incidence and densities of the pathogen in soil, rhizosphere soil and crown 

area were the basic parameters for evaluation the effect of fertilization as previously 

evaluated. Plants were surveyed for wilt symptoms. Five soil and plant 

samples from each field plot were pooled together for each treatment and each 

sample was extracted in phosphate buffer (PB 0.05M) and was spread on two sets of 

SMSA (Selective Medium South Africa) plates. The population count of Ralstonia 

solanacearum (Colony forming units (CFUs) per gram soil and tissues) were 

determined according to Anonymous (1998). Typical colonies were serologically 

confirmed by Immunofluorescence Antibody Staining (IFAS) and/or Real-Time 

Fluorogenic PCR (TaqMan) assay according to Weller et al., (2000) followed by 

pathogenicity test (Janse, 1988). Finally, wilt incidence at the end of each year was 

determined according to Thanh et al., (2009).  

Effect of fertilizers on enzymes activity: 

Three plant samples from each plot were collected 75 days after planting, 

transferred lab in an iceboxes, washed (in tap water followed by sterile water), and 
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directly stored at -30
o
C. Leaves representing each treatment were pooled together 

for enzyme(s) extraction. Enzyme determinations were made at the Central Lab of 

Biotechnology, Plant Pathology Research Institute (PPRI, ARC). The levels of 

peroxidase (PO) (EC 1.11.1.7), and polyphenol oxidase (PPO), (EC 1.10.3.1) were 

determined according to Benjamin and Montgomery (1973), phenylalanine ammonia 

lyase (PAL; E.C.4.3.1.24) and tyrosine ammonia lyase (TAL; E.C.4.3.1.23) 

according to Berner et al. (2006) were determined using Beckman Coulter DU 800 

spectrophotometer. The increase in absorbance was recorded each 30 seconds (10 

readings). The rate of catalyzed enzyme reaction was proportional with the amount 

of the enzyme in the leaf extract. The catalase CAT (EC 1.11.1.6) was determined 

according to Aebi (1984). The relation between enzymes activities and disease 

incidence was discussed.  

Analysis of root exudates 

Root exudates of potato plants grown under different fertilization regimes were 

separately collected at plant age of 75 days according to Graham et al., (1981), and 

Thomson et al., (1986). In brief, root samples from each pot treatment were removed 

from their soil containers and was carefully washed, immediately placed in a beaker 

with the roots completely covered with 0.5 mM CaCl2 solution containing 0.05 g/l 

rifampicin and 0.025 g/l tetracycline to eliminate bacterial populations and incubated 

for 3 h under continuous low light at room temperature then the roots were washed 

by distilled sterile water twice to remove the antibiotics residues. The roots were re-

immersed in 0.5 mM CaCl2 solution for 2 hours (for root exudates equilibration), 

then roots were transferred to fresh flasks containing fresh 0.5 mM CaCl2 solution 

for 6 hours, root exudates were collected and the roots were transferred to other 

fresh solution for further 6 hours. The collected root exudates for each sample were 

pooled together and were filtrated by 0.20 µm disposable bacterial filter for amino 

acid analysis. Amino acid analyses of the extracted root exudates were carried out at 

the National Research Centre (NRC) using an amino acid analyzer (Biotronic LC 

3000; Eppendorf, Hamburg, Germany. 

Effect of different fertilizers on plant growth and crop production: 

The criteria used for estimation of growth parameters were, plant height, ratio of 

leaves weight to total shoots, fresh and dry weights as well as crop yield scale which 

was determined per plot and was extrapolated to feddan (approx. 0.5 ha). 

Statistical Analysis: 

Mann-Whitney U, Asymp. Sig. (2-tailed) was employed to compare parameters 

of disease incidence, plant morphology and crop production for different treatments 

as compared to untreated controls using SPSS 17. 

Pearson correlation, 2 tailed, SPSS 17 was conducted to correlate the disease 

incidence and crop production and to correlate the disease incidence with the amino 

acids content in potato root exudates (Messiha et al., 2009). 
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R e s u l t s  

1- Soil analysis 

Area 1 (Manyl Arus) is characterized with high C/N ratio (13) and low EC (0.06 

ds/m). Area 2 (Ganoub El-Tahrir) characterized with very low C/ N ratio (5) which 

was correlated to low OM% (0.3). Area 3 (Talia) showed high EC (0.37 ds/m), high 

OM and organic carbon ratios (2.2 and 1%) respectively. Area 4 (Wardan) was 

characterized with high alkalinity (pH8.8) and lowest organic carbon ratio (0.04%). 

Table (1) summarizes the chemical characteristics of different untreated soils prior 

experimentation. 

Table (1): Chemical characteristics for soils from different locations prior 

starting the experiment 

  
pH 

EC  

ds/m 

C/N 

ratio 

Organic 

matter 

(OM)% 

Total 

organic 

carbon 

(TOC) % 

Year 1 
Manyl-Arus 8.2 0.06 13 1.5 0.89 

Ganoub El-Tahrir 8.3 0.26 5 0.3 0.20 

Year 2 
Talia 8.2 0.37 11 2.2 0.99 

Wardan 8.8 0.10 10 1.3 0.04 

2- Effect of different regime on soil and plant chemistry 

Soil and plant characteristics of control treatment are shown in Table (2). Soil 

analysis for area 3 (Talia) showed C/N ratio of 11 along with alkaline pH (8.18), EC 

(0.37 dS/m) and organic matter (OM) (2.18%). N, P and K values in soil were 112, 

1.43 and 41.6 mg/100 g, respectively. The NPK values at area 3 were higher in 

general as compared with area 4 (Wardan). The starting NPK in plant were 4.25, 

0.096 and 3.23%, respectively. At area 4 (Wardan) area the untreated soil showed 

C/N ratio of 10, alkaline pH (8.83), EC was (0.1 dS/m), OM (1.33%). N, P and K 

soil were 74, 2.73 and 8.86 mg/100 g respectively. The NPK values in plant were 

3.07, 0.083 and 3.98%, respectively (Table 2). 

NPK treatment at area 3 (Talia) caused 13% decrease in organic matter which 

was associated with a decrease in C/N ratio. Increase in soil NPK values (16, 64, and 

69% respectively) and in plant N, K (5 and 25%, respectively) were recorded. NPK 

treatment at area 4 (Wardan) caused a considerable increase in soil NPK (4, 48 and 

29%), respectively. The corresponding figure in plant treatment was 7% increase in 

N and 29% decrease in K, compared to the control. Such slight increase in N and 

decrease in K content may be attributed to soil alkalinity (pH 8.83) that affecting 

nutrient uptake, or plant selectivity along with possible physical changes in edaphic 

factors.  
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Table (2): Effect of application of different fertilization regimes on NPK 

content of potato tissues and soil at 90 days of potato cultivation under 

field conditions 

Area Treatments 

Soil analysis 

pH2 
EC3 

(dS/m) 

OM4 

% 

C:N5 

ratio 

N6 P7 K 

mg/100 g 

Talia 

Untreated control 8.18 0.37 2.18 11:01 112 1.43 41.6 

NPK 8.01 0.55 1.90 9:01 130 2.34 70.2 

NPMg 7.99 0.66 1.84 8:01 130 2.6 63.4 

NPCa 8.12 0.46 2.24 10:01 131 2.86 56.0 

Composted chicken manure 7.88 0.64 2.90 13:01 126 2.34 58.4 

Plant-animal compost 8.15 0.48 1.22 6:01 130 3.27 56.4 

Wardan 

Untreated control 8.83 0.10 1.33 10:01 74 2.73 8.86 

NPK 8.83 0.15 1.33 10:01 77 4.03 11.44 

NPMg 8.81 0.09 1.42 11:01 74 2.6 7.7 

NPCa 8.48 0.10 1.22 10:01 72 2.47 7.12 

Composted chicken manure 8.84 0.10 1.43 12:01 72 3.12 10.1 

Plant-animal compost 8.84 0.15 1.73 14:01 72 2.98 19.2 

Area Treatments 

Plant analysis R. solanacearum count 

N%1 P% K% 
Log 10 (CFU+1) 

Rhizosphere2,3,4,5,7,8 Crown area1 

Talia 

Untreated control 4.25 0.096 3.23 5.99±0.36 3.12± 0.17 

NPK 4.45 0.096 4.05 3.69±1.88 2.61±0.5 

NPMg 4.19 0.063 3.77 1.93±1.93 0.64±0.64 

NPCa 4.00 0.044 3.93 3.63±1.84 2.76±0.24 

Composted chicken manure 5.63 0.068 2.90 1.87±1.87 2.66±0.18 

Plant-animal compost 4.38 0.083 3.52 6.2±0.19 1.97±0.99 

Wardan 

Untreated control 3.07 0.083 3.98 1.82±1.82 2.31±1.42 

NPK 3.30 0.081 2.83 0±0 0±0 

NPMg 3.25 0.078 1.92 0±0 0±0 

NPCa 3.66 0.096 2.35 1.82±1.82 0.54±0.54 

Composted chicken manure 3.36 0.096 4.39 0±0 0.75±0.75 

Plant-animal compost 3.47 0.053 4.89 1.31±1.31 0±0 

1Significant correlation (+0.58, P=0.02)  
2Significant correlation (-0.64, P=0.01), the relation was reversed for Talia (+0.88, P=0.01)  
3Significant correlation (+0.5, P=0.037), the relation was reversed for Talia (-0.87, P=0.01) 
4Trend of significant correlation (-0.57, P=0.1) 
5Significant correlation (-0.5, P=0.05) 
6Significant correlation (+0.69, P=0.007) 
7Significant correlation (0.45, P=0.07) 
8General trend of significant correlation (+0.63, P=0.1), the relation was reversed for Talia ( 

0.57, P=0.1) 

NPMg treatment at area 4 (Wardan) caused 6%, increase in N, 52% decrease in plant K and 

13% decrease in soil K as compared to untreated control. 

NPCa on the other hand, increased NP uptake in plant by 19 and 16%, respectively only at 

area 4 (Wardan).  
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Replacing K with Mg in NPMg treatment at area 3 (Talia) caused a slight 

decrease in pH (8) and increase in EC (0.66 dS/m). The decrease in C/N ratio was 

associated with 16% decrease in soil OM. The decrease in OM content was 

associated with unexpected increase in plant K (16.7%) and available soil K (52%) 

as compared to the untreated control. 

Composted chicken manure treatment at area 3 (Talia) increased the C/N ratio in 

soil, being 13 which was associated with an increase in soil OM content, being 2.9% 

and increased N uptake (34% increase as compared to untreated control). At area 4 

(Wardan), the treatment increased NPK in plants and recorded an increase of 9, 16 

and 10%, respectively compared to the untreated control, with slight decrease in soil 

and a pronounced increase in soil phosphorous and potassium.  

Plant-animal compost, however, caused a slight increase in N and K uptake by 

plant at area 3 (Talia) which was associated with a decrease in C/N ratio (6) and a 

drastic decrease in OM into 1.22%.  For area 4 (Wardan), the increase in N and K 

uptake was recorded 13 and 23%, respectively as compared to untreated control and 

soil by 23 and 117%, respectively. With regard to organic matter, the treatment 

caused 30% increase as compared with untreated control which was associated with 

an increase in C/N ratio into 13. (Table 2) 

3- Effect of organo-mineral fertilizers on bacterial wilt incidence: 

Different treatments were ineffective in decreasing disease incidence at area 2 

(Ganoub El-Tahrir), where the C/N ratio and OM were low. 

NPK decreased the pathogen in soil (71%, P=0.05) at area 1 (Manyl Arus) and to 

an undetectable level in the rhizosphere and plant tissues (P=0.006) at Wardan area. 

However, replaced potassium with magnesium in the latter, NPK treatment 

decreased the pathogen in the crown area only (100%, P=0.08) at area 1 (Manyl-

Arus). At area 3 (Talia), NPMg decreased the count of the pathogen in plant tissues 

(79% decrease) from (3.11 ±0.17) to (0.64 ± 0.64), (P=0.007) (Fig 1). At area 4 

(Wardan), NPMg decreased the count of the pathogen in the soil, rhizosphere and 

plant tissues upto undetectable level (P=0.006).  

NPCa significantly decreased the pathogen in soil (100%, P=0.006), in crown 

area (100%, P=0.08) at area 1 (Manyl-Arus), NPCa caused absence of wilt 

symptoms as compared to 0.33% for untreated control (data not shown). Only a 

trend of significant decrease in count of the pathogen in potato tissues (0.54 ± 0.54) 

reaching 76.5 % was recorded for NPCa treatment (Fig 1).  
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Fig (1): Disease incidence for different fertilization regimes at different 

locations. 
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Composted chicken manure decreased the pathogen in soil at a significant extent 

(100%, P=0.006) at area 1 (Manyl-Arus) and was not effective at area 3 (Talia). At 

area 4 (Wardan), apparent decrease in pathogen count was detected in potato 

rhizosphere upto undetectable level, and 67% decrease in the count of the pathogen 

in plant tissues (0.75 ± 0.75). 

Plant-animal compost decreased the pathogen density in soil to a significant 

extent (100%, P=0.006), and crown area (100%, P=0.08) at area 1 (Manyl-Arus) 

and was not effective in area 3 (Talia).  At area 4 (Wardan), plant-animal compost 

decreased the pathogen density in the plant tissues to undetectable level (P=0.006) 

(Fig 1).  

4- Effect of fertilizers on enzymes activity: 

A negative correlation between disease incidence, as expressed by counts of the 

pathogen in crown area, and PO & PAL activity (-0.5, P = 0.05) & (-0.52, P=0.04) 

was recorded.  

NPK caused an increase in CAT and a decrease in PPO at area 4 (Wardan) where 

the disease was suppressed, the reverse was observed at area 3 (Talia) where the 

disease was un- affected. NPMg decreased PO and PPO activities and increased 

TAL activity which was associated with disease suppression. NPCa caused an 

increase in CAT and a decrease in the activity of most enzymes (PO, PPO, PAL and 

TAL) when the disease was suppressed. Composted manure increased CAT 

activities were only when the disease was suppressed in plant tissues at area 4 

(Wardan) while the CAT activities decreased when the disease was not suppressed 

at area 1 (Manyl-Arus) and area 3 (Talia). Plant-animal compost caused general 

decrease in most investigated enzymes except PAL activity (Table 3). 

5- Potato root exudates under different fertilization regimes: 

Root exudates of unfertilized control treatments were poor enough in amino 

acids and high in ammoniacal nitrogen (39.96 and 114 µg/ml), respectively with a 

domination of arginine and glycine (24% for each) (Table 4). 

NPK (3.3:1:4) application increased total amino acids (155.42 µg/ml) and 

decreased NH4
+ 

content (79.8 µg/ml). However, a pronounced increase in lysine 

(91%) and a decrease in most other amino acids was recorded. Replacing potassium 

by magnesium in the usual NPK formula revealed an increase in ammonia (NH4
+
) 

content and a decrease in amino acids as compared to NPK treatment (Table 4). 

Calcium in the formula, however caused ammonia NH4
+ 

decrease (3.56ug/ml), along 

with amino acids contents (30.27 µg/ml), indicating the positive role of potassium 

deficiency in decreasing nitrogen uptake. The dominant amino acids were alanine, 

glycine, serine, aspartic acid for NPMg treatment and lysine, arginine, proline and 

glutamic acid for NPCa treatment. Arginine, however, showed negative correlation 

with disease incidence as expressed by count of the pathogen in crown area (-0.72, 

P=0.055), respectively 
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Table (3): Enzymes activity in endogenous potato tissues cropped under 

different fertilization R4egime in different locations 75 days after 

planting 

 

Enzymes activities (mg/gm fwt/min) 

Area 

U
n
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N
P
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N
P

C
a 

co
m

p
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e

d
 m
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re
 

P
la

n
t 
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co
m

p
o

st
 

PO
1
 

Manyl-Arus 2.01 1.80 1.65 1.59 1.57 1.51 

Ganuob El-Tahrir 1.26 0.83 0.99 1.02 1.10 1.64 

Wardan ND ND ND ND ND ND 

Talia ND ND ND ND ND ND 

CAT 

Manyl-Arus ND ND ND ND ND ND 

Ganuob El-Tahrir ND ND ND ND ND ND 

Wardan 0.34 0.51 0.46 0.41 0.48 0.17 

Talia 0.54 0.51 0.49 0.51 0.41 0.38 

PPO
2
 

Manyl-Arus 0.16 0.18 0.14 0.07 0.06 0.08 

Ganuob El-Tahrir 0.18 0.22 0.15 0.23 0.42 0.43 

Wardan 0.43 0.26 0.42 0.30 0.32 0.17 

Talia 0.39 0.53 0.27 0.27 0.39 0.32 

PAL
3
 

Manyl-Arus 3.89 3.88 3.89 3.05 3.88 3.90 

Ganuob El-Tahrir 3.01 3.08 0.62 2.76 0.23 3.52 

Wardan ND ND ND ND ND ND 

Talia ND ND ND ND ND ND 

TAL
4
 

Manyl-Arus 0.54 0.39 0.81 0.25 1.52 0.38 

Ganuob El-Tahrir 0.34 0.33 0.09 0.37 0.22 0.32 

Wardan ND ND ND ND ND ND 

Talia ND ND ND ND ND ND 

R. 

solanacearum
 

1a. 3a
 in crown 

area log10 

CFU/g) 

Manyl-Arus 2.56 4.64 0.00 0.00 3.01 0.00 

Ganuob El-Tahrir 4.70 6.30 4.72 3.42 4.38 3.00 

Wardan 2.30 0.00 0.00 0.54 0.75 0.00 

Talia 3.11 2.60 0.64 2.76 2.66 1.97 

Potato 

production 

ton/ha
1b, 2b, 

3b, 4b
 

Manyl-Arus 28 40 33 40 37 34 

Ganuob El-Tahrir 5 6 4 5 6 4 

Wardan 37 21 24 24 22 22 

Talia 55 59 77 55 101 73 

1a significant negative correlation with PO (-0.5, P = 0.05).   

2b significant positive correlation with PPO (+0.5, P=0.006). 

3a significant negative correlation with PAL (-0.52, P = 0.04). 

3b significant positive correlation with PAL (+0.57, P=0.02).   

4b significant positive correlation with TAL (+0.5, P=0.05). 

Increase in enzyme activity was marked as bold font and decrease in activity was marked 

as grey highlight 
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Composted chicken manure has influenced the root exudates of potato either 

qualitatively or quantitatively. Chicken manure increased NH4
+
content (115.8 

µg/ml) and lowered total amino acids content (22.88 µg/ml). However, the plant 

animal compost (1:1 weight) has generally increased amino acids content and 

ammonia (154.6 and 167.36 µg/ml) which indicates better assimilation of NH4
+
 

nitrogen into amino acids (Table 4).  

Table (4): Amino acids in root exudates of potato grown under different 

fertilization regimes in Many-Arus area 

Amino acid classification 

% of amino acids 

N
eg
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e 
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N
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P
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p
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ed
 

C
h

ic
k

en
 

M
an

u
re

 

P
la

n
t 

+
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al
 

C
o

m
p

o
st

 

Acidic 

(negative charged) 

Glutamic acid a+ 11.30% 1.30% 5.20% 16.00% 0.00% 1.60% 
Aspartic a+ 5.50% 0.90% 12.20% 1.80% 0.00% 35.60% 

Basic 

(positive charged) 

2, 3 Arginine b- 23.80% 0.00% 4.60% 22.70% 0.00% 20.20% 
Lysine - 4.60% 91.00% 7.40% 24.70% 0.00% 10.60% 

Histidine a- 3.80% 0.00% 0.00% 5.80% 0.00% 6.40% 

Neutral heterocyclic Proline a+ 0.00% 3.70% 6.80% 17.60% 23.10% 8.80% 

Neutral aromatic 
Tyrosine 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

1Phenylalanine - 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Neutral hydroxyl 
Serine b- 10.30% 0.20% 11.60% 2.60% 16.70% 1.10% 

Threonine  b- 11.10% 0.10% 2.70% 2.20% 16.30% 0.00% 

Neutral sulphur 

containing 

Cysteine 0.90% 0.00% 0.00% 0.00% 0.00% 0.00% 
Methionine 0.00% 0.00% 1.00% 0.00% 0.00% 0.00% 

branched chain 

Valine 0.00% 0.00% 5.80% 0.00% 0.00% 0.00% 
4 IsoLeucine - 3.50% 0.00% 7.10% 0.60% 0.00% 0.00% 

Leucine - 0.60% 0.60% 1.10% 1.40% 0.00% 9.90% 

small polar 
Glycine - 23.50% 0.70% 10.90% 3.20% 43.90% 5.50% 
Alanine 1.20% 1.40% 23.60% 1.20% 0.00% 0.20% 

Total amount of amino (ug/ml) 39.96 155.42 33.04 30.27 22.85 154.60 

NH4+ 
 

114.00 79.80 112.66 3.56 115.80 167.36 

R. solanacearum in rhizosphere 

(CFU/g)3, 4 
3.12 1.38 2.31 0.00 1.85 1.58 

R. solanacearum in crown area 

(CFU/g)1,2 
2.56 4.64 0.00 0.00 3.01 0.00 

Potato production Ton/ha5 6.72 9.55 7.78 9.46 8.78 8.02 

 

Arginine: Trend of significant correlation (-0.72, P=0.055) with count of the pathogen in crown area  

Isoleucine: Trend of significant correlation (+0.68, P=0.07) with count of the pathogen in rhizosphere 

Isoleucine: Significant correlation (-0.76, P=0.04) with potato production 
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6- Potato growth stimulation and productive potentials 

As a general trend, significant positive correlation between N content and count 

of the pathogen in plant tissues (+0.58, P= 0.02) as well as N content in soil and 

count of the pathogen in rhizosphere (+0.69, P= 0.007) were recorded (Table 2). 

However, significant negative correlation between phosphorus content in soil and 

count of the pathogen in rhizosphere (-0.45, P=0.07) was recorded. Trend of 

significant negative correlation was recorded between K content in soil and count of 

the pathogen in rhizosphere (-0.57, P=0.1). Significant negative correlation between 

soil pH and count of the pathogen in soil was recorded (-0.64, P=0.01), the relation 

was reversed for Talia (under lower pH conditions) (+0.88, P=0.01). Moreover, 

Significant correlation between soil EC and count of the pathogen in rhizosphere 

was recorded (+0.5, P=0.037), contrary to area 3 (Talia) (higher EC) (-0.87, 

P=0.01). Moreover, a significant correlation (-0.57, P=0.1) was recorded between 

soil OM content and count of the pathogen in rhizosphere. However, a significant 

negative correlation (-0.5, P=0.05) between C/N ratio and count of the pathogen in 

rhizosphere was recorded (Table 2).   

 7- Crop production and Potato vegetative growth at different treatments 

In general, a positive correlation between crop production and the enzymes PO, 

PPO, PAL & TAL activities (+0.7, P = 0.006), (+0.5, P=0.006), (+0.57, P=0.02) & 

(+0.5, P=0.05), respectively was recorded (Fig 2 & Table 3). 

 

Fig (2): Crop production for different fertilization regimes at different 

locations. Mann-Whitney U, Asymp. Sig. (2-tailed) was employed to 

compare parameters of disease incidence for different treatments with 

untreated control 

NPK caused a significant increase in yield production (19%, P=0.05) as 

compared to untreated control at area 1 (Manyl-Arus) that caused a significant 
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increase (P=0.05) in vegetative growth (fresh weight, leaf weight ratio and dry 

weight), but not in yield at 3 (Talia). In contrast, significant decrease in crop yield 

(29% decrease) was recorded at area 4 (Wardan) (P=0.05) while a significant 

increase in leaf weight and ratio was recorded (P=0.05).  

NPMg increased yielding significantly (27%, P=0.05) at area 1 (Manyl-Arus), 

and significantly increased leaf wt. ratio, along a significant decrease in dry wt. at 

area 3 (Talia). NPMg significantly increased vegetative fresh and dry wt. (P=0.05) 

without significant increase in crop yielding potential. 

NPCa formula, increased significantly the crop (40%, P=0.05) only at area 1 

(Manyl-Arus) and was not effective at the two other areas. 

Composted chicken manure caused a significant increase in crop yield (12%, 

P=0.07) at area 1 (Manyl-Arus) and (45%, P=0.05) at area 3 (Talia) which was 

associated with significant increase in plant fresh and dry wt. (P=0.05).  

Plant animal compost caused a significant increase in crop yield (24%, P=0.05) 

at area 1 (Manyl-Arus) and (13%, P=0.046) at area 3 (Talia) which was associated 

with a significant increase in percentage of leaf wt. to total foliage fresh (P=0.05). 

On the other hand, a significant decrease in crop yield (28%, P=0.037) although a 

significant increase in the fresh and dry foliage were recorded at this area (P=0.05). 

It is worth noting that a significant negative correlation was recorded between 

densities of the pathogen in rhizosphere and potato production (r = -0.888, P= 

0.003) and trend of negative correlation between wilt severity and potato yielding (r 

= -0.661, P= 0.074).  

D i s c u s s i o n   

Disease suppression of potato plants under investigation was correlated with 

qualitative and quantitative changes in root exudates, enzymes activities, soil 

characteristics and its NPK content, fertilization regimes.  

The lower C/N ratio at area 2 (Ganuob El-Tahrir) (sandy soil) accelerated the 

OM decomposition and hence increased microbial activity as proven earlier by Cong 

et al., (2015). Negative correlation between soil organic matter content and survival 

of R. solanacearum in soil was discussed by Balabel et al., (2005) and Messiha et 

al., (2007). 

In general, negative correlation was recorded between enzyme activity and 

disease incidence (-0.53, P = 0.04). This negative correlation was clear for untreated 

treatments, meanwhile, all treatments, however, decreased PO activities. Disease 

suppression was coincided with a decrease in activities of PO and PPO activities as 

well as an increase in TAL activity. TAL activity is known to link with disease 

resistance. Both PAL and TAL thought to be involved in the biosynthesis of 

resveratrol (phytoalexins) which is involved in plant disease resistance (Jeandet et 
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al., 2013). Also, a significant positive correlation was recorded between PAL & 

TAL activities and crop production. 

The suppressive effect of NPK treatment was shown related to the soil at area 1 

(Manyl-Arus) and was found to be most suppressive at area 4 (Wardan area), with 

the most alkaline (pH 8.8). Messiha et al., (2007) correlated the NPK suppressive 

effect to ammonium and potassium. The conversion rate of ammonium into 

ammonia (general microbial toxin) increases by increasing alkalinity (Kissel et al., 

1985 & Messiha et al., 2007). On the other hand, the disease incidence in plant 

tissues at area 1 (Manyl-Arus) was accompanied by a noticeable increase in lysine 

which was increased under stress conditions (Galili et al., 2001). Such contradictory 

findings, between decreased densities of the pathogen in soil and increased severity 

may be attributed to the noticeable elevation of lysine.  

Application of NPK increased crop yield only at area 1 (Manyl-Arus) and 

increased in foliage growth opposite to decrease in crop yield at area 4 (Wardan). 

The low nitrogen content at area 4 (Wardan) may be coincided with the possible gas 

loss from soil (Vos and MacKerron, 2000). Moreover, failure absorbance of P and K 

from soil may be attributed to high soil alkalinity.     

The disease was most suppressed at area 4 (Wardan) which was accompanied by 

an increase in CAT, and a decrease in PPO activities. This result was opposite 

reversed at area 3 (Talia) where the disease was not suppressed. PO and CAT 

enzymes are involved in removal of Reactive Oxygen species (ROS) and hence 

enhanced plant defense (Sharma et al., 2012).  

NPMg treatment suppressed the pathogen to undetected level in most plant 

tissues. The suppressive effect was most clear at area 4 (Wardan) where the 

pathogen was undetectable also in soil and potato rhizosphere. Disease retardation 

was accompanied by a decrease in activities of PO and PPO as well as an increase in 

TAL activity. However this activity is known to be involved in disease resistance. 

Moreover, a significant positive correlation was recorded between PAL & TAL 

activities and crop yield. Meanwhile, NPMg caused a trend of increase in crop yield 

and the exception was recorded at area 2 and 4 because of edaphic factors (low C/N 

and OM% for area 2) and high pH which limited nutrient uptake for area 4. Root 

exudates of NPMg treated plant relatively showed high ammonium and low amino 

acid contents. Meanwhile, amino acids were more diverse with dominance of 

alanine. It is well documented that Mg increases nitrogen uptake, enhances 

photosynthesis and reactive oxygen species (ROS) (Grzebisz et al., 2010). 

Moreover, N and K deficiencies thought to cause a decrease in total amino acid in 

root exudates (Carvalhais, 2011). At area 3 (Talia), NPMg treatment decreased C/ N 

ratio that may be attributed to a decrease in soil OM and an increase in soil and plant 

K contents. The decrease in OM usually associated with increase in soil bacterial 
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activity as documented by Shunfeng et al., (2013) that may have enhanced K uptake 

by the plant.  

NPCa treatment caused limited disease suppression which was limited to the 

plant tissues at area 1 (Manyl-Arus) and was not effective at the other areas. 

Calcium plays an important role in the resistance of plants against bacterial 

pathogens (Bateman and Miller, 1966; Berry et al., 1988), by improving the 

integrity of plant cell wall. Relative low ammonium and amino acid contents were 

recorded which indicates low N uptake. Furthermore, K deficiency thought to 

decrease in N uptake as explained by Carvalhais, (2011).  

Composted chicken manure showed a clear suppressive effect only in soil at area 

1 (Manyl-Arus), but in rhizosphere and plant tissue at area 4 (Wardan). The disease 

suppression in area 1 (Manyl-Arus) was associated with decreased PO, PPO and 

increased in TAL (similar to NPMg treatment). Relatively high ammonium and low 

amount of different amino acids were recorded in potato root exudates. The 

dominant amino acids were glycine, followed by proline, serine and threonine 

(neutral amino). Serine and threonine attract some species of fluorescent 

pseudomonas (Nikata et al., 1993) which may explain the high ratio of fluorescent 

pseudomonas recovered from soil treated with composted cow manure (Messiha et 

al., unpublished), and may explain the undetected pathogen in soil. Composted 

chicken manure caused general increase in C/N ratio which is expected to minimize 

the OM decomposition by reducing the soil microbial activity (Shunfeng et al., 

2013). Soils with high C/N ratio are less conducive to soil diseases (Grunwald, 

1997). The treatment increased N uptake by plant which was translated into an 

increase in crop yield at area 3 (Talia).  

Plant-animal compost showed a suppressive effect in area 1 (Manyl-Arus) and in 

area 4 (Wardan) and was not effective in Talia area. This treatment showed general 

increase in both amino acid and NH4
+
 as compared to negative control. High ratio of 

each of aspartic (acidic) and arginine (basic) was recorded. A positive correlation 

was recorded between arginine and disease incidence. Aspartic acid enhanced 

growth and pathogenic potential of the pathogen (Yao and Allen, 2006) which may 

reflect the limited effect of the treatment at some cases. Plant-animal compost 

showed a great decrease in soil organic matter which was associated with a narrow 

C/N ratio and limited N and K plant uptake at area 3 (Talia). The decomposition of 

OM at area 3 (Talia) may enhance the microbial diversity which accelerates the OM 

decomposition. On the other hand, the same treatment caused an increase in N and K 

plant uptake in area 4 (Wardan). Intermediate OM decomposition may be considered 

a soil health indicator (van Bruggen, & Semenov, 2000). Moreover, Negative 

correlation between survival of R. solanacearum and organic matter content was 

recorded by Balabel et al., (2005) and Messiha et al., (2007). These results may 

show the suppressive effect of plant-animal compost at area 4 (Wardan) and not in 

area 3 (Talia).  
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This study aimed to address soil and plant health indicators for potato crop 

following different mineral and organic fertilization regimes in different soil types 

located at different geographical locations. The contradictory effect of different 

fertilization regimes at different areas was correlated with difference interrelated 

edaphic factors 
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مرض تثبيط العضوي بو   نيدعلاقة أنظمة التسميد المع

 العفن البني في البطاطس و زيادة الأنتاجيه

 كامل محمد عطا الحلاج. نيفين أنور شحاته مسيحه ،و د. د

معهد بحوث أمراض النباتات ، مركز قسم بحوث الأمراض البكتيرية ، 

 البحوث الزراعية ، الجيزة ، مصر 

المتسبب عن بكتيري تم تقييم تأثير أنظمة التسميد المختلفة على الذبول ال

Ralstonia solanacearum  التربة )في أربع مناطق موبوءة بشكل طبيعي

أختلف تأثير أنظمة . ٣١٠٢و  ٣١٠٢ في عامين متتاليين( الطينيه والتربة الرملية

التسميد المختلفة على تثبيط المرض وإنتاج المحصول من منطقة إلى أخرى وفقاً 

( تربة طينية( )منيل العروس، المنوفية) ٠المنطقه . للاختلاف في العوامل الارضيه

. EC (0.06 ds / m)وأدنى توصيل كهربائي ( 13)ن /تتميز بأعلى نسبة ك

( ٥) C / Nتتميز بأقل نسبة ( تربة رملية( )، البحيرةجنوب التحرير ) ٣المنطقة 

تتميز بأعلى ( طليا ، المنوفية) ٢المنطقة (. OM)وأدنى نسبه في المواد العضوية 

EC (0.37  ds / m)  أعلى ،OM (٣٫٣ ٪ ) وأعلى إجمالي الكربون العضوي

(TOC) (١٫٠٠ ٪ .) تتميز بأعلى درجة الحموضة( ، الجيزةواردان) ٢المنطقة 

النيتروجين ) NPKوأظهر (. ٪ ١٫١٢)وأدنى إجمالي الكربون العضوي ( ٨٫٨)

قمع المرض الذي كان أكثر وضوحا تحت القلوية العالية ( والفوسفور والبوتاسيوم

إنتاج المحاصيل المصحوب بزيادة معقولة في محتويات  NPKعزز . في وردان

( المغنيسيوم) NPMgوأظهرت . الأحماض الأمينية في إفرازات جذور البطاطس

تأثيرا تثبيطيا للمرض في مناطق مختلفة والتي تتوافق مع انخفاض في انزيم 

وزيادة في أنشطة انزيم ( PPO) وانزيم بوليفينول أوكسيديز( PO)بيروكسيداز 

أو إنتاج / تم تسجيل زياده في النمو الخضري و (. TAL) تيروز الأمونيا لياز

تثبيطا للمرض المرتبط بانخفاض ( الكالسيوم) NPCaأظهر .المحصول لهذا السماد

وزيادة في نشاط ( PPO) وانزيم بوليفينول أوكسيديز( PO) في انزيم بيروكسيديز

ليسين ، أرجينين ، : وأيضا زيادة في الأحماض الأمينيه(. CAT) انزيم الكاتالاز

-البرولين وحمض الجلوتاميك في إفرازات جذور البطاطس في منطقة منيل

تأثيرًامثبطا واضحًا ( كومبوستي)أظهر سماد الدجاج العضوي المجفف . وسالعر

العروس ومنطقه الرايزوسفير وانسجة النبات بمنطقة -فقط في التربة في منيل

تثبيط المرض في منيل العروس ارتبط بانخفاض في انزيم البيروكسيديز . وردان

ط انزيم تيروز الأمونيا وزيادة في نشا PO)  &(PPOوانزيم البوليفينول اكسيديز 

وسجل السماد نسبة عالية من (. NPMgعلى غرار معاملة ( )TAL) لياز

الأمونيوم وانخفاض كمية وتنوع محتوي الأحماض الأمينية في إفرازات جذور 

وكانت الأحماض الأمينية المهيمنة جليكاين ، تليها البرولين ، سيرين . البطاطس

العروس وفي -الحيواني تأثيرًا مثبطا في منطقة منيل-أظهر السماد النباتي. وثريونين

أظهر هذا السماد زيادة عامة في كل . منطقة وردان ولم يكن فعالًا في منطقة طليا

تم (. الكنترول)من الأحماض الأمينية و الأمونيا بالمقارنة مع المعامله السلبية 

أظهر (. اسيةالأس)والأرجينين ( الحمضية)تسجيل نسبة عالية من الأسبارتيك 

الحيواني انخفاضًا كبيرًا في المادة العضوية في التربة التي ترتبط  -السماد النباتي

 .ن و نقص امتصاص النيتروجين و البوتاسيوم في منطقة طليا/بانخفاض نسبة ك


