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Abstract : The present investigation aimed to evaluate the effect of foliar spray with each of chitosan
and humic acid alone, or in combination with soil amendment with compost in controlling potato early
blight caused by Alternaria solani. Under laboratory conditions, all the tested concentrations of humic
acid had no inhibitory effect against the linear growth of A. solani. While, chitosan at the
concentration of 5.0 g / L caused complete reduction in linear growth. Data also revealed that the
compost  water  extract  CWE  of  plant  compost  show  antagonistic  activity  at  all  the  tested
concentrations (5, 10 and 15%) via three methods of pouring plate, well-cut diffusion and dry weight
assay. Under field conditions, results indicated that all treatments significantly reduced early blight
severity, during the two growing seasons. The highest reduction was obtained with the combined
treatments between soil amendment with compost and foliar spray with each of humic acid, chitosan
or Redomyl gold plus, which reduced the blight severity more than 75.0, 84.4 and 78.6%, respectively,
during the two growing seasons. Combined treatments also reduced the spores of A. solani /cm2 found
on infected leaves by 95.1, 95.4 and 95.8 % as compared with untreated plants. All treatments
significantly increased the chitinase activity. The highest increase in chitinase activity was obtained
with combined treatments between plant compost and humic acid or chitosan, which increased the
activity by 116.5 and 122.2 %, respectively. As for tuber yield, results revealed that all treatments
significantly increased the tuber yield of potato plants during the two growing seasons. The highest
increase in tuber yield was obtained with combined treatments between plant compost and humic acid
or chitosan, which increased the tuber yield more than 95.8 and 100.0%, respectively, during the two
growing seasons. Individual treatment of each compost, humic acid, chitosan and Redomil gold plus
showed moderate effect.
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Introduction
Potato (Solanum tuberosum L.) is a worldwide cultivated tuber-bearing plant which is the fourth main

food crop in the world after rice, maize and wheat, in terms of both area cultivated and total production1,2,3. In
Egypt, potato crop has an important position among all vegetable crops, where about 20% of total area devoted
for vegetable production is cultivated with potato. Early blight disease is one of the most important disease that
attacking potato plants 4,5,6,7,. Early blight disease is caused by the fungus Alternaria solani (E.&M.) Jones and
Grout. The dark-colored spores and mycelia of the pathogen survive between growing seasons in infested plant
debris and soil in infected potato tubers and in overwintering debris of susceptible solanaceous crops and
weeds. Spores landing on susceptible plants germinate and may penetrate tissues directly through the epidermis,
through stomata and/or through wounds such as those caused by sand abrasion, mechanical injury or insect
feeding. Many cycles of early blight spore productions and lesion formation occur within single growing season
once primary infections are initiated. Some chemicals are effective in controlling these disease(5). But these
chemicals are expensive and not environmental friendly. Therefore, alternative control methods are needed for
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managing these pathogen. Induced resistance is more effective for controlling several plant diseases 8, 9,10,11,12.

Chitosan a deacetylated chitin, is currently obtained from the outer shell of crustaceans such as crabs,
krills and shrimps. Chitosan exhibits a variety of antimicrobial activities13,14. On the other hands, chitosan
induce host defense responses against several plant pathogens15,16,17. Chitosan has been extensively utilized as a
foliar treatment to control the growth, spread and development of many diseases involving viruses, bacteria,
fungi and pests 13,16,17. It has also been used to increase yield and tuber quality of potatoes7,8.  Humic acid is a
suspension, based on potassium humates, which can be applied successfully in many areas of plant production
as a plant growth stimulant or soil conditioner for enhancing natural resistance against plant

Diseases and pests, stimulation plant growth through increased cell division, as well as optimized
uptake of nutrients and water19, 20,21,22,23. Moreover, humic acid stimulated the soil microorganisms 24,25.
Furthermore, Abd- El- Kareem et al. 26  reported that potato plants treated with humic acid induced resistance
against early blight in addition to increased potato yield under field conditions. Moreover, the use of compost
made from different raw materials to suppress many soil borne plant pathogens has been extensively reviewed
by many workers 27, 28,29,30,31,32,33,. Three main types of direct interactions of microorganisms found in compost
toward the soil borne fungi may be characterized: parasitism, antibiosis and competition for nutrients. Recently
however, another possible mechanism has been suggested namely, induced resistance in plants to fungal attack
32, 34,35. Currently it is believed that a combination of chemicals alternative control methods with mature
compost may be more efficient in inhibiting disease than using the single treatments 12,36. Therefore, the main
objectives of the present research are (i) to study the inhibitor effect of chitosan, humic acid and plant compost
against the growth of Alternaria solani in vitro and (ii) to determine the effect of individual and combined
treatments of each of chitosan, humic acid and plant compost on the severity of early blight disease as well as
potato tuber yield of potato plants grown under field conditions.

Materials and Methods

Pathogen

Pathogenic isolate of Alternaria solani, the causal agent of early blight disease, was kindly provided by
Plant Pathology Department, National  Research  Centre, Giza, Egypt.

Plant material

Potato  tubers  (cv.  Nicola)  obtained  from  Dept.,  of  Vegetables  Crop  Research,  Agricultural  Research
Centre, Giza, Egypt were used in this study.

Chitosan and humic acid
Chitosan powder were purchased from Sigma Chemical Co.

Plant compost

Plant compost which was composted aerobically for four months were purchased from the Egyptian
company for solid waste utilization and used in this study. Chemical analysis of the tested compost (Table, 1)
was kindly carried out at the Nutrition Dept., (NRC) according to37,38.

Table 1. Chemical analysis of the plant compost used in the present study.

Total Nitrogen (%) 1.53
Total Phosphorus (%) 0.29
Total Potassium (%) 1.13
Total Iron (ppm) 1368
Total Zinc (ppm) 70.0
Total Copper (ppm) 12.0
Total organic matter (%) 31.0
Organic Carbon (%) 33.4
Carbon / Nitrogen ratio 12:1
pH (1:100) 8.1
EC 1:100
Humidity (%) 8.54
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Laboratory experiments

Inhibitor effect of chitosan and humic acid on the growth of A. solani in vitro

 Different concentrations of chitosan and humic acid were tested to evaluate their inhibitor effect on
linear growth of Alternaria solani in vitro. Therefore, six concentrations of each of chitosan and humic acid
viz., 0.0 , 1.0, 2.0, 3.0, 4.0 and 5.0 g/ L or mL/L for chitosan and humic acid respectively, were added
individually to conical  flasks  containing  sterilized  PDA  medium  to  obtain  the proposed concentrations,
then   mixed   gently   and   dispensed   in   sterilized   Petri   plates   (9  cm  –  diameter).  Plates  were  individually
inoculated at the center with equal disks (6-mm- diameter)  of  10-days old  culture of Alternaria solani. Five
plates were used as  replicates  for  each  particular  treatment.  Inoculated plates were incubated at 25 ± 2 °C.
The average linear growth of the fungus was calculated after 10 days.

Inhibitor effect of compost on the growth of A. solani in vitro

       The inhibitor effect of the tested compost were examined as compost water extract (CWE) against the
growth of Alternaria solani, in vitro using the methods of pouring plate method and dry weight of mycelium
method described by 39 and modified by 36. The compost water extract (CWE) were prepared by vigorously
shaking mature compost for 15 min in phosphate buffer (Na2 HPO4 8 gl-1, Na H2PO4 0.34 gl-1, pH 7.0) at the
ratio of 1:2 (w/v). To remove the large particles from compost mixture, aliquot of 250 ml of the mixture was
filtrated by 3 layers of sterile cheesecloth to obtain the active supernatant.

Pouring plate method

         Crude compost water extract (CWE) of plant compost were tested against the aforementioned
pathogenic fungi using the pouring plate method. Aliquots of CWE were added to sterilized PDA medium
before solidification to obtain three concentrations viz., 5, 10 and 15% (v/v), while only sterile distilled water
was placed in the control plates. One disc (6-mm- diameter)  of  10-days old culture of Alternaria solani was
placed onto the medium in the centre of the plate. Five Petri plates were used for each treatment as well as the
control treatment. All the plates were incubated at 25 ± 1°C for 10 days. The radial growth of the pathogenic
fungus was measured to determine the inhibitor effect of CWE. The percentages of fungal mycelial reduction
were  determined  according  to  the  following  formula:  Fungal  growth  reduction  (%)  =  (C  -  T  /  C)  ×  100,
whereas: C = diameter of pathogenic mycelial growth (cm) of control plates and T = diameter of pathogenic
mycelial growth (cm) in CWE amended plates.

Dry weight assay method

       The inhibitor effect of the crude CWE was tested against the aforementioned pathogenic fungi using the
fungal mycelium dry weight method. 5, 10 and 15 mililiter of CWE were added to sterile 95, 90 and 85 mL of
PDB (Potato Dextrose Broth) medium in flask of 250 ml, while only sterile distilled water was used for control
flasks, respectively. Then, each flask was inoculated with One disc (6-mm- diameter)  of  10-days old culture of
Alternaria solani. A blank was prepared by adding CWE to the PDB medium without any pathogenic fungus
inoculation. Five flasks were used for each treatment as well as the control and the blank. The inoculated flasks
were incubated at 25 ± 2°C for 10 days. The culture of PDB including the growing microorganisms, in
treatments, control and blank were filtered through 0.22 µm Millipore membrane filter. Then, the dry weight of
mycelial growth was determined after drying at 65 ± 1°C overnight. The dry weight reduction (%) of CWE
treatment was calculated according to the following suggested formula:

C - (CWE - B)Dry weight reduction (%) =
C

X 100

Where: B = Blank, dry weight of microbial growth of microorganisms in compost water extract without any
pathogenic fungus, C = Control, dry weight of mycelial growth of pathogenic fungus only and CWE = Dry
weight of microbial growth of microorganisms in compost water extract plus the pathogenic fungus.
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Field  experiments

         Field experiments were carried out during two successive seasons at Omar Makram Village, El-Tahrir
county, El-Behera governorate, to evaluate the effect of individual and combined treatment of each of compost,
humic acid and chitosan on early blight severity of potato plants grown under field conditions.  Experiments
were conducted under natural infection in plots (4 × 8 m) each comprised of 8 rows (32 holes / row and one
seed piece was sown in each hole ) in a randomized complete block design with three replicates (plots) for each
treatment. Seed tuber (cv. Necola) were cut longitudinally using sterilized knife into pieces with 2-3 sprout per
piece. The potato seed pieces have been disinfected before use by deceiving in a solution of sodium
hypochlorite solution (10%) for 10 min and rinsing twice with sterile distilled water. Disinfected potato seed
pieces was air dried for 24 h under shadow place. Then, seed tuber pieces were planting in loamy clay well-
drained soil to a depth of 10 cm.  In addition, irrigation and nutrients such as phosphorus, nitrogen and
potassium were added to ensure adequate plants nutrition during mid-growth and tuberization as recommended.

Application method

Plant compost at the rate of 10 ton / feddan were applied as a soil amendment at 15 day before tuber
planting. Foliar spraying with each of humic acid at the rate of 5.0 mL / L; chitosan at the rate of 1.0 g / L
and/or the fungicide  Redomil - plus at the rate of 2 g / L,  were applied on  potato plants which had 4-5
compound leaves and every 15 days intervals up to 90 days of planting. Treatments were applied as follow:

Individual treatment Combined treatment
1.Plant compost 5. Plant compost + humic acid
2.Humic acid at 5 mL/ L 6. Plant compost + chitosan
3.Chitosan at 1.0 g / L 7. Plant compost + Fungicide (Redomil plus 2g/L)
4.Fungicide (Redomil  plus 2 g / L) 8- Un-treated plants (control)

Data collection and analyses

Disease assessment

        Early blight disease severity (%) was recorded up to 90 days of planting by the scale from 0 to 4
according to (40) based on the infected leaf area as follows:

0 = No leaf lesions.
1 = 25  % or less.
2 =  26  to  50.
3 =  51  to  75.
4 =   76  to 100 %   infected leaf area.

Effect on A. solani sporulation

       Spores of  A. solani / cm2 were counted in infected potato plans. Leaves of each treatment were
detached gently at the early morning and immersed in screw cap jars containing 10 ml of distilled water. Spores
were released from lesions using a brush, then they were counted using hemocytometer slide. Area of lesions
were detected by placing the cut lesion on millimeters quarter paper.

 Biochemical studies

        Determination of chitinase enzyme activities were carried out at 60 days after planting. Potato leaves
were collected and to extract the enzyme, plant leaves (g) were  homogenized with 0.2 M Tris HCl buffer (pH
7.8) at 0°C containing 14 m M β- mercaptoethanol at the rate of 1/3 w/v. The extracts were obtained by
filtering off the debris with a clean cloth and centrifuging at 3,000 rpm for 15 min. The supernatants were
recovered and kept in a tube in an ice bath until assayed. The supernatant was used to determine the activity of
chitinase enzyme 41 by using UV spectrophotometer.  The determination of chitinase enzyme was carried out
using colloidal chitin as substrate and dinitrosalicylic acid (DNS) as reagent to measure reducing sugars
according the method described by42. Chitinase activity was expressed as mM N-acetyl glucose amine
equivalent released/ gram fresh weight/ 60 minutes at 450nm.
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Potato tuber yield

         Effect of  individual and combined treatment with each of plant compost, humic acid and chitosan on
potato tuber yield under field conditions was studied. Therefore, potato tuber were harvested after 120 days of
planting. Tuber yield per each treatment was recorded and the average of the tuber yield (metric ton / hectare)
was calculated for each treatment.

Statistical analysis

Tukey test for multiple comparisons among means was utilized 43.

Results

Laboratory experiments

Inhibitor effect of chitosan and humic acid on the growth of A. solani in vitro

 Inhibitor effect of chitosan and humic acid against the linear growth of Alternaria solani are listed in
Table 2. Data reveal that all the tested concentrations of humic acid had no inhibitor effect against the linear
growth of A. solani. Meanwhile, chitosan at concentration of 5.0 g / L was completely inhibited the growth of
A. solani. The highest reduction in linear growth was obtained with chitosan at 4.0 g / L, which reduced the
fungal linear growth by 91.1 %.

Table 2. Reduction caused by chitosan, humic acid and Ridomil gold plus against  linear mycelial growth
of Alternaria solani via the poisoned food technique.

Linear mycelial growth (mm) and  reduction (%)Treatment Conc.
Growth (mm) Reduction (%)

1.0    66.4 b(1) 26.2
2.0 51.0 c 43.3
3.0 30.0 d 66.7
4.0 08.0 e 91.1

Chitosan
(g/L)

5.0 00.0 f 100
1.0 90.0 a 00.0
2.0 90.0 a 00.0
3.0 90.0 a 00.0
4.0 90.0 a 00.0

Humic acid
(mL/L)

5.0 90.0 a 00.0
Ridomil gold plus at 2.0g/L 00.0 f 100

Control 90.0 a 0.0
1 Figures with the same letter are not significantly different ( P= 0.05).

Inhibitor effect of compost on the growth of A. solani in vitro

        The inhibitor effect of crude compost water extract (CWE) against linear growth of A. solani at the
concentrations of 5, 10 and 15% via the pour plate method are shown in Table 3. The inhibitor effect of CWE
were in the range of 75.6 to 79.7% compared to 0.0% in the control (sterilized water). The highest inhibitor
effect was obtained by CWE at the concentration of 15%, where the mycelial growth reduction values reached
to 79.7%. The effects of raw CWE at the concentration of 5, 10 and 15% on the fungal mycelial dry weight of
A. solani are shown in Table 4. Data showed that all CWE concentrations reduced the mycelial dry weight of A.
solani. The percentages of mycelial dry weight reduction resulted by CWE concentrations were in the range of
87.5 to 94.9%, compared to the control (sterilized water). The most inhibitor effect in mycelial dry weight of A.
solani was obtained by CWE at the concentration of 15%, which recorded mycelial dry weight reduction
estimated as 94.9%.
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Table 3. The inhibitor effect of compost water extract (CWE) against the linear  growth of Alternaria
solani via the pour plate method.

Linear growth (mm) and  reduction (%)Treatment Conc. (%) Growth (mm) Reduction (%)
5 20.2 75.6

10 18.8 79.1CWE

15 18.2 79.7
5 90.0 00.0

10 90.0 00.0Sterilized
water(3)

15 90.0 00.0
Control 90.0 00.0

1- Figures with the same letter are not significantly different ( P= 0.05).

Table 4. Effect of compost water extracts at the concentration of 5, 10 and 15% on the dry  weight (g) of
the pathogenic fungi via the dry weight method.

Dry weight (g) and growth reduction (%) of A. solaniTreatment Conc. (%) Dry weight (g) Reduction (%) Blank(2)

5 0.222 87.5 0.115
10 0.332 88.5 0.233CWE
15 0.362 94.9 0.318
5 0.858 0.0 -
10 0.858 0.0 -Sterilized

water(3)

15 0.858 0.0 -
1- Figures with the same letter are not significantly different ( P= 0.05).
2- Dry weight of microbial growth of microorganisms in compost without any pathogenic fungus.
3- Dry weight of mycelial growth of pathogenic fungus without compost (as control).

Field  experiments

Effect on early blight severity
           Effect of  individual and combined treatment with each of plant compost, humic acid and chitosan on
early blight severity of  potato plants grown under field conditions are listed in Table 5.  Results indicate that all
treatments significantly reduced the disease severity during the two growing seasons. The highest reduction in
early blight severity was obtained with combined treatments between soil amendment with compost and foliar
spray with each of humic acid, chitosan or Ridomil gold plus, which reduced the disease severity more than
75.0, 84.4 and 78.6 % respectively during the two growing seasons. Individual  treatment with each of plant
compost, humic acid, chitosan and Ridomil gold plus showed moderate effect.

Table 5. Effect of individual and combined treatment with each of plant compost, humic acid and
chitosan on early blight severity of  potato plants grown under field conditions.

Early blight disease severity (2)

First growing season Second growing seasonTreatment(1)

Severity (%) Reduction (%) Severity (%) Reduction (%)
Individual  treatment

Compost (10 ton/ feddan)    1.3 b(3) 59.4 1.7 b 48.5
Humic acid (5.0 m /L) 1.3 b 59.4 1.4 c 57.6
Chitosan (1.0 g/ L) 1.2 b 62.5 1.4 c 57.6
Ridomil gold plus ( 2g/L) 1.4 b 56.3 1.5 c 54.5

Combined treatment
Compost + humic acid 0.8 c 75.0 0.8 d 75.8
Compost + chitosan 0.5 c 84.4 0.5 d 84.8
Compost + Ridomil 0.6 c 81.3 0.7 d 78.6
Control 3.2 a - 3.3 a -

(1) Plant compost were applied as soil amendment, while  humic acid, chitosan or Fungicide ( Redomil gold plus) were
applied as foliar application. (2 ) Early blight scale from 0 to 4 according  to  Cohen et al.,(1991).
(3) Figures with the same letter are not significantly different ( P= 0.05).
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Effect on Alternaria solani sporulation

         Effect of  individual and combined treatment with each of plant compost, humic acid and chitosan on
sporulation of A. solani on  infected leaves of  potato plants grown under field conditions are listed in Table 6.
Results reveal that all treatments significantly reduced the number of spores of A. solani / cm2 of infected potato
leaves. The most effective treatments in reducing the number of spores were the combined treatments between
soil amendment with compost and foliar spray with each of humic acid, chitosan or Ridomil gold plus, which
reduced the spores / cm2 of infected leaves by 95.1, 95.4 and 95.8 %, respectively, as compared with untreated
plants. Other treatments reduced sporulation by 86.9 % at least.

Table 6. Effect of individual and combined treatment with each of plant compost, humic acid and
chitosan on the sporulation of A. solani on  infected leaves of  potato plants grown under field conditions.

Sporulation of A. solaniTreatment(1)

Number of spores  / cm2 Reduction (%)
Individual  treatment

Compost (10 ton/ feddan)    1500 b(2) 87.7
Humic acid (5.0 m /L) 1600 b 86.9
Chitosan (1.0 g/ L) 1400 b 88.5
Ridomil gold plus ( 2g/L) 1200 c 90.2

Combined treatment
Compost + humic acid 600 d 95.1
Compost + chitosan 560 d 95.4
Compost + Ridomil 510 d 95.8
Control 12200 a -

(1) Plant compost were applied as soil amendment, while  humic acid, chitosan or Fungicide ( Redomil gold plus) were
applied as foliar application.
(2) Figures with the same letter are not significantly different ( P= 0.05).

Effect on chitinase activity

         Effect of  individual and combined treatment with each of plant compost, humic acid and chitosan on
chitinase activity in the leaves of potato plants grown under field conditions are listed in Table 7. Results reveal
that all treatments significantly increased the chitinase activity. The highest increase in chitinase activity was
obtained with the combined treatments between soil amendment with compost and foliar spray with each of
humic acid and chitosan, which increased the chitinase activity by 116.5 and 122.2 % respectively. Individual
treatment of foliar spray with chitosan and the combined treatments of soil amendment with plant compost and
foliar spray with Redomyl gold plus, caused an increase in chitinase activity reached to 108.3 and 102.8 %
respectively. Meanwhile individual treatment of foliar spray with humic acid showed moderate effect.

Table 7. Effect of individual and combined treatment with each of plant compost, humic acid and
chitosan on chitinase activity in the leaves of potato plants grown under field conditions.

Chitinase enzymeTreatment(1)

Activity(2) Increase (%)
Individual  treatment

Compost (10 ton/ feddan)     6.0 d (3) 66.7
Humic acid (5.0 m /L) 7.0 c 94.4
Chitosan (1.0 g/ L) 7.5 b 108.3
Ridomil gold plus ( 2g/L) 6.0 d 66.7

Combined treatment
Compost + humic acid 7.8 a 116.6
Compost + chitosan 8.0 a 122.2
Compost + Ridomil gold plus  7.3 b 102.8
Control 3.6 f -

(1) Plant compost were applied as soil amendment, while  humic acid, chitosan or Fungicide ( Redomil gold plus) were
applied as foliar application. (2) Chitinase activity expressed as mM N-acetyl glucose amine  equivalent released/  gram
fresh weight/ 60 min. (3) Figures with the same letter are not significantly different ( P= 0.05).
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Effect on tuber yield

        Effect of  individual and combined treatment with each of plant compost, humic acid and chitosan on
tuber yield of potato plants grown under field conditions are listed in Table 8. Results indicate that all
treatments significantly increased the tuber yield of potato plants during the two growing seasons. The highest
increase in tuber yield was obtained with the combined treatments between soil amendment with compost and
foliar spray with each of humic acid and chitosan, which increased the tuber yield more than  95.8 and 100.0 %,
respectively during the two growing seasons. Combined treatments between soil amendment with compost and
foliar spray with Redomyl gold plus increased tuber yield by 81.8 and 79.2 %, respectively during the two
growing seasons.  Individual treatment of plant compost, humic acid , chitosan and Redomyl gold plus showed
moderate effect.

Table 8. Effect of individual and combined treatment with each of plant compost, humic acid and
chitosan on tuber yield of potato plants grown under field conditions.

Potato tuber yield (metric ton/ hectare)
First growing season Second growing seasonTreatment(1)

Yield Increase (%) Yield Increase (%)
Individual  treatment

Compost (10 ton/ feddan)      3.1 c (1) 40.9 3.2 c 33.3

Humic acid (5.0 m /L)  3.2 c 45.5 3.3 c 37.5
Chitosan (1.0 g/ L) 3.2 c 45.5 3.3 c 37.5
Ridomil gold plus ( 2g/L) 3.0 c 36.4 3.1 c 29.2

Combined treatment
Compost + humic acid 4.4 a 100.0 4.7 a 95.8
Compost + chitosan 4.5 a 104.5 4.8 a 100.0
Compost + Ridomil 4.0 b 81.8 4.3 b 79.2
Control 2.2 c - 2.4 c -

(1) Plant compost were applied as soil amendment, while  humic acid, chitosan or Fungicide ( Redomil gold plus) were
applied as foliar application.
(2) Figures with the same letter are not significantly different ( P= 0.05).

Discussion

       In the present study, under laboratory conditions, complete inhibition in the linear growth of Alternaria
solani was obtained with chitosan at 5.0 g / L. This results are in harmony with those obtained by 44. Fungicidal
activity of chitosan has been documented against various species of fungi and Ooomycetes16, 45,46,47,48. The
mechanism by which chitosan affects the growth of several pathogenic fungi has not been fully elucidated, but
several hypotheses have been postulated, first: its polycationic nature, it is believed that chitosan interferes with
negatively charged residues of macromolecules exposed on the fungal cell surface. This interaction leads to the
leakage of intracellular electrolytes and proteinaceous constituents45. Second the interaction of diffused
hydrolysis products with microbial DNA, which leads to the inhibition of mRNA and protein synthesis 46, third
the chelating of metals, spore elements and essential nutrients 45. Forth: the interaction of chitosan with fungal
DNA and RNA 48. Five : Malformation of fungal mycelial. Chitosan is not only effective in inhibition the
growth of the pathogen fungi, but also induces marked morphological changes, structural alterations and
molecular disorganization of fungal cells49,50. Moreover, 45 reported that, chitosan caused morphological
changes such as large vesicles or empty cells devoid of cytoplasm in the mycelium of B. cinerea. Furthermore,
51 revealed that by microscopic observation of fungi treated with chitosan, it can affect the morphology of the
hyphae. Data of the present investigation also reveal that compost water extract CWE of plant compost show
inhibitor effect against the growth of A. solani. As shown by plate experiments, crude CWE inhibited in vitro
the growth of the pathogen, while sterilization annulled or reduced this effect. The in vitro observations may be
ascribed to the crucial role played by the biological composition of composts in disease suppression. This
results are in accordance with those obtained by36.

Under field conditions, individual and combined treatment with each of plant compost, humic acid and
chitosan reduced the early blight severity, reduced the sporulation of A. solani on infected potato leaves,
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increase chitinase enzyme activity and tuber yield. The combined treatment show more better than individual
one. This is may be due to the integration effects between treatments. Soil amendment with compost before
tuber planting reduced the pathogen propagules and spores found in plant debris. In additions chitosan foliar
spray reduced sporulations and thus reduced many cycles of early blight during the growing season. On the
other hands, induction of resistance against A. solani by each of compost, chitosan and humic acid are also
involved  15,16,17. The obtained results are in agree with those obtained by many workers 7,8,19. The present results
indicated that all tested concentrations of humic acid had no inhibitory effect against A. solani but it reduced
early blight disease of potato plants under field conditions. In this respect, 22,23 reported that the most effective
treatments for suppression gray mould in Geranium  was compost tea plus kelp extract and humic acid. The role
of humic acid for reducing early blight diseases in addition to increase yield of potato plants may be due to
enhanced natural resistance against plant diseases and pests 22,23. In the present study results indicated the humic
acid increased the chitinase activity. In this respect, ß-1,3-glucanases and chitinases are able to hydrolyze ß-1,3-
glucan and chitin, respectively, the major components of fungal cell walls 52,53,54. Abd- El- Kareem 54 reported
that  bean  plants treated with humic acid induced resistance against root rot and Alternaria leaf spot in addition
to increased bean yield under field conditions. Moreover, Abd- El- Kareem et al., 24 reported that potato plants
treated with humic acid induced resistance against early blight in addition to increased potato yield under field
conditions. On the other hand, humic acid stimulated plant growth through increased cell division, as well as
optimized uptake of nutrients and water 19,20 and  stimulated the soil microorganisms 19.

Controlling of plant diseases depends mainly on fungicides and nematicides application such chemicals
are not always desirable due to potential hazards to human beings and the environment. Alternative approaches
to fungicides  are needed for controlling plant diseases 54,55,56,57,58,59,60,61,62,63.

It could be suggested from the present study that the combined treatments between soil amendment
with compost and foliar spray with each of humic acid and/or chitosan might be used for controlling early blight
disease of potato plants under field conditions.
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