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Abstract: Potato crop (Solanum tuberosum L.) is one of the most important vegetable crops in Egypt.

Integrated treatments between humic acid at concentrations 6.0 or 8.0 ml / l followed by sulfur at 3.0 or

4.0 g / l were evaluated against early blight disease under sever field infection. All tested concentrations

of humic acid had no inhibitory effect on Alternaria solani. Meanwhile, sulfur at concentrations 3.0 and

4.0 g / l caused complete reduction of linear growth of A. solani under laboratory conditions. In

greenhouse experiments, results indicate that the integrated treatments between humic acid followed by

sulfur treatments with all tested concentrations reduced early blight severity more than 85.7 %. The highest

increase in chitinase activity was obtained with humic acid at concentrations 6.0 and 8.0 ml / l when

applied either alone or integrated with sulfur treatments which increased the chitinase activity more than

120.0 %. In field experiments results indicate that the most effective treatments were integrated treatments

between humic acid followed by sulfur with all tested concentrations which reduced the early blight

severity more than 83.6 %. Potato plants treated with sulfur at concentrations 3.0 or 4.0 g / l or Redomil

– plus 2g / l resulted in reducing early blight severity more than 66.7 % during two succession growing

seasons. Marked increase in potato yield was obtained with integrated treatments between humic acid

followed by sulfur with all tested concentrations which increased the potato yield more than 59.3 % during

the two growing seasons. It could be suggested that integrated treatment between humic acid followed by

sulfur might be used commercially for controlling early blight disease of potato plants under field

conditions. 
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INTRODUCTION

Potato crop (Solanum tuberosum L.) is one of the

most important vegetable crops in Egypt. Early blight

caused by Alternaria solani is the most important

disease attacking potato plants . Controlling this[1 ,2 ,3 ,4]

disease depends mainly on fungicidal treatments .(3 , 5)

In Noubareia region (Egypt) severe infection with

late and early blight diseases was recorded .[4]

Controlling these diseases depend mainly on fungicidal

application. 

Therefore, recent efforts have been directed toward

new approaches for controlling plant diseases that

could be effective, reliable and safe for the

environment.

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[6 ,7]

through increased cell division, as well as optimized

uptake of nutrients and water . Moreover, humic acid[8 ,9]

stimulated the soil microorganisms . Furthermore,[8 ,9 ,10]

Abd- El- Kareem , reported that bean plants treated[11]

with humic acid induced resistance against root rot and

Alternaria leaf spot in addition to increased bean yield

under field conditions. 

Only sulfur and copper can be used in organic

farming for controlling plant diseases. Sulfur can be

used as a preventive fungicide against several plant

diseases . Sulfur prevents fungal spores from[12 ,13]

germinating, so it must be applied before the disease

develops for effective results .[12]

The main objective of the present research are

studying the effect of integrated treatments between

humic acid followed by sulfur on early blight disease

of potato plants under field conditions.

MATERIALS AND METHODS

Source of Pathogenic Fungus and Potato Tubers:

Pathogenic isolate of Alternaria solani the causal agent

of early blight disease was kindly provided by Plant

Pathology Department, National Research Centre, Giza,
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Egypt. Potato tubers cv. Nigola were obtained from the

Department of Vegetable Crop Research, Agricultural

Research Centre, -Giza, Egypt.

Laboratory Experiments:

Testing of Different Concentrations of Humic Acid

and Sulfur on Linear Growth of Alternaria Solani:

Different concentrations of humic acid and sulfur were

tested to study their inhibitory effect on linear growth

of A. solani. Five concentrations of humic acid i,e.

0.0,2.0,4.0, 6.0 and 8.0 ml / l and sulfur at 1.0, 2.0,3.0,

and 4.0 g/ l 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

A. solani. Five plates were used as replicates for each

particular treatment. Inoculated plates were incubated

at 25 ± 2 °C.The average linear growth of fungus was

calculated after 10 days. 

Greenhouse Experiments: 

Testing of Different Concentrations of Humic Acid

and Sulfur on Early Blight Severity of Potato

Plants: Different concentrations of humic acid and

wettable sulfur against early blight severity of potato

plants was evaluated.

- Inoclum Preparation of A. Solani: Spore suspensions

of A. solani were prepared by inoculated sterilized DA

medium with disk (6 mm diameter) taken from 10 day

old culture of A. solani. Disk (6 mm diameter) taken

from 10 days old culture grown on DA was transferred

to sterilized PDA medium. Plates were incubated at 25

°C and spores suspension (10 spores / ml) of A. solani6  

was prepared.

- Potato Plants: Potato tubers cv. Nigola grown in

plastic pots (30 cm –diameter) containing a sandy loam

soil under greenhouse conditions (23 - 25 C) wereO

used when plants had 4-5 compound leaves. Three

plants / pot and ten pots for each treatment were used.

Irrigation and fertilization were carried out as needed.

–Treatments: Humic acid at five concentrations i,e.

0.0,2.0,4.0, 6.0 and 8.0 ml / l and sulfur at 0.0, 1.0,

2.0,3.0, and 4.0 g/ l were applied as foliar spray to

study their effects against early blight disease of potato

plants which had 4-5 compound leaves. Plant

inoculation was carried out after 5 days of chemical

treatments by spraying potato plants with spore

suspensions (10 spores / ml) of A. solani. Plants6 

sprayed with tap water was served as control. Treated

inoculated potato plants were incubated at 23-25 C.O

Testing of Integrated Treatment Between Humic

Acid and Sulfur on Early Bight Severity of Potato

Plants: Humic acid at concentrations of 6.0 & 8.0 ml

/ l and sulfur at 3 & 4 g / l were tested alone or

integrated between them to study their effect on early

blight severity of potato plants.

Potato plants had 4-5 compound leaves were

sprayed with humic acid at 6 or 8 ml /l followed by

sulfur at 3 or 4 g / l with 3 days interval. Plant

inoculation was carried out after 5 days of sulfur

treatments by spraying potato plants with spore

suspensions (10 spores/ml) of A. solani. Plants sprayed6 

with tap water were served as control. Inoculated

potato plants were incubated at 23-25 C underO

greenhouse conditions.

Disease Assessment: Early blight scale from 0 to 4

according to Cohen et al.,  based on the leaf area[14]

infected was used, 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.

Disease was recorded after 20 days of inoculation.

Testing of Integrated Treatments Between Humic

Acid and Sulfur on Chitinase Activity of Potato

Plants: Humic acid at concentrations 6.0 & 8.0 ml / l

and sulfur at 3 & 4 g / l were tested alone or

integrated between them to study their effect on

chitinase activity of potato plants.

Extraction of Chitinase Enzyme: Chitinase activity

was determined after 10 days of inoculation. Extraction

of enzyme from potato leaves was done according to

method of Tuzun et al., . [15]

Chitinase Assay: Chitinase activity was determined by

colourimetric method of Boller and Mauch, .[1 6 ]

Colloidal chitin was used as a substrate and

dinitrosalicylic acid as reagent to measure reducing

sugars.

Chitinase activity was expressed as mM N-

acetylglucose amine equivalent released / gram fresh

weight tissue / 60 minutes.

Field Experiments:

Testing of Integrated Treatments Between Humic

Acid and Sulfur on Early Blight Severity and Tuber

Yield of Potato Plants under Field Conditions:

Experiments were carried out, at the Experimental

Farm of National Research Centre at El-Noubareia,

Behera Governorate, Egypt.
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The promising treatments in pot experiments were

applied under field conditions to study their effect

against early blight disease in addition to their effect

on potato yield during two seasons. Field experiments

were conducted under natural infection in plots (4 x 10

m) each comprised of 8 rows (40 holes / row) in a

randomized complete block design with three replicates

(plots) for each treatment.. 

Treatments: Humic acid at concentrations 6.0 & 8.0

ml / l and sulfur at 3 & 4 g / l were tested alone or

integrated between in addition to the Fungicides

(Redomil – plus at 2 g / l) were applied as follows : -

Treatments

Single Integrated

1- Humic acid 6 ml/ l 1- Hum ic acid 6 m l / l +  Sulfur 3 g / l

2- Humic acid 8 ml / l 2- H um ic acid 6 m l / l + Sulfu r 4  g / l

3- Sulfur 3 g / l 3- H um ic acid 8 m l / l + Sulfu r 3  g / l

4- Sulfur 4 g / l 4- H um ic acid 8 m l / l + Sulfur 4  g / l

5-Fungicide (Redomil plus 2 g / l)  

6- Un-treated plants (control)

Application: Single or integrated treatments were

applied as foliar application on potato plants which had

4-5 compound leaves and every 15 days up to 90 days

of planting. Integrated treatments between humic acid

and sulfur was carried out by spraying potato plants

with humic acid at 6 or 8 ml /l followed by sulfur at

3 or 4 g / l with 3 days interval.

Disease Assessment: Early blight scale was used as

mentioned before and disease was recorded up to 90

days of planting.

Determination of Tuber Yield: Tuber yield of potato

(kg /m ) for each treatment was determined.2

Statistical Analysis: Tukey test for multiple

comparisons among means was utilized .[17]

Results:

Effect of Different Concentrations of Humic Acid

and Sulfur on Linear Growth of Alternaria Solani:

Five concentrations of humic acid i,e. 0.0,2.0,4.0, 6.0

and 8.0 ml / l and sulfur at 1.0, 2.0,3.0, and 4.0 g/ l

were tested to study their inhibitory effect against A.

solani. Results in Table (1) indicate that all tested

concentrations of humic acid had no inhibitory effect

on A. solani. Meanwhile, sulfur at concentrations 3.0

and 4.0 g / l caused complete reduction in linear

growth of A. solani. Sulfur at 2.0 g / l showed

moderate effect which reduced the linear growth by

62.2 %. 

Greenhouse Experiments:

Effect of Humic Acid and Sulfur on Early Blight

Severity of Potato Plants: Humic acid at five

concentrations i,e. 0.0,2.0,4.0, 6.0 and 8.0 ml / l and

sulfur at 0.0, 1.0, 2.0,3.0, and 4.0 g/ l were applied as

foliar spray to study their effects against early blight

disease of potato plants. Results in Table (2) indicate

that all treatments significantly reduced the disease

severity. The most effective treatments are humic acid

at concentrations 6.0 & 8.0 ml / l and sulfur at 3.0 &

4.0 g/ l which reduced the early blight severity more

than 55.9 %. Followed by humic acid at concentrations

4.0 ml / l and sulfur at 2.0 g/ l which reduced the

early blight severity more than 41.1%. Meanwhile other

treatments showed less effect. 

Effect of Integrated Treatment Between Humic Acid

and Sulfur on Early Bight Severity of Potato Plants:

Humic acid at concentrations of 6.0 & 8.0 ml / l and

sulfur at 3 & 4 g / l were tested alone or integrated

between them to study their effect on early blight

severity of potato plants. Results in Table (3) indicate

that all treatments significantly reduced the disease

severity.The highest reduction in disease severity was

obtained with integrated treatments between humic acid

followed by sulfur treatments with all tested

concentrations of both treatments which reduced the

early blight severity more than 85.7 %. Meanwhile

single treatments of humic acid and sulfur showed

moderate effect. 

Effect of Integrated Treatment Between Humic Acid

and Sulfur on on Chitinase Activity of Potato

Plants: Humic acid at concentrations 6.0 & 8.0 ml / l

and sulfur at 3 & 4 g / l were tested alone or

integrated between them to study their effect on

chitinase activity of potato plants. Results in Table (4)

indicate that all treatments increased the chitinase

activity of potato plants. The highest increase was

obtained with humic acid at concentrations 6.0 and 8.0

ml / l when applied either alone or integrated with

sulfur treatments which increased the chitinase activity

more than 120.0 %. Meanwhile single treatment of

sulfur caused moderate increase of chitinase activity. 

Field Experiments:

Effect of Integrated Treatment Between Humic Acid

and Sulfur on Early Blight Severity and Tuber

Yield of Potato Plants under Field Conditions:

Humic acid at concentrations 6.0 & 8.0 ml / l and

sulfur at 3 & 4 g / l were tested alone or integrated

between them in addition to the Fungicides (Redomil

– plus at 2 g / l) were applied under field conditions

to study their effect against early blight disease in

addition on potato yield during two seasons.
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Table 1: Effect of humic acid and sulfur solution on linear growth of Alternaria solani 

Treatments Concentrations Linear growth Reduction %

Humic acid ( ml / l ) 2.0 90.0 a 0.0

----------------------------------------------------------------------------------------------------------------------------------------

4.0 90.0 a 0.0

----------------------------------------------------------------------------------------------------------------------------------------

6.0 90.0 a 0.0

----------------------------------------------------------------------------------------------------------------------------------------

8.0 90.0 a 0.0

Sulfur ( g / l ) 1.0 61.5 b 31.7

----------------------------------------------------------------------------------------------------------------------------------------

2.0 34.0c 62.2

----------------------------------------------------------------------------------------------------------------------------------------

3.0 0.0d 100

----------------------------------------------------------------------------------------------------------------------------------------

4.0 0.0d 100

Control 0.0 90.0a -----

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

Table 2: Early blight severity  in potato plants as affected with different concentrations of humic acid and sulfur under greenhouse( 2 ) 

conditions 

Treatments Conc. Early blight severity Reduction %

Humic acid ( ml / l ) 2 2.5 b 26.5( 1  )

----------------------------------------------------------------------------------------------------------------------------------------

4 2.0 c 41.1

----------------------------------------------------------------------------------------------------------------------------------------

6 1.5 d 55.9

----------------------------------------------------------------------------------------------------------------------------------------

8 1.4 d 58.8

Sulfur ( g/ l ) 1 2.3 b 32.4

----------------------------------------------------------------------------------------------------------------------------------------

2 1.8 c 47

----------------------------------------------------------------------------------------------------------------------------------------

3 1.3 d 61.8

----------------------------------------------------------------------------------------------------------------------------------------

4 1.3 d 61.8

Control 0 3.4 a ---

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

 2 - Early  blight scale from 0 to 4 according  to   Cohen et al.,(1991).

Table 3: Effect of integrated  treatments between humic acid and sulfur on early blight severity of potato plants under greenhouse conditions

Treatments Early blights  severity Reduction %(2 )

Single treatments 

Humic acid 6 ml/ l 1.6 b 54.4(1 )

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l 1.6 b 54.3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulfur 3 g / l            1.4 b 60

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulfur  4 g / l         1.3 b 57.1

Integrated treatments                62.8

Humic acid 6 ml / l + Sulfur 3 g / l 0.5 c 85.7

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 6 ml / l + Sulfur 4 g / l 0.4 c 88.6

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 3 g / l 0.4 c 88.6

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 4 g / l 0.3 c 91.4

Control 3.5 a

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

 2 - Early  blight scale from 0 to 4 according  to   Cohen et al.,(1991).

a- Effect on Early Blight Severity: Results in Table

(5) indicate that all treatments significantly reduced the

disease severity during two growing seasons.The most

effective treatments are integrated treatments between

humic acid followed by sulfur with all tested

concentrations of both treatments which reduced the

early blight severity more than 83.6 %. Potato plants

treated with sulfur at concentrations 3.0 or 4.0 g / l or

Redomil – plus 2g / l resulted in reducing early blight

severity more than 66.7 %. Meanwhile, single

treatments of humic acid showed moderate effect. 
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Table 4: Effect of integrated  treatments between humic acid and sulfur on chitinase activity of potato plants greenhouse conditions   

Treatments Chitinase activity Increase %(2 )

Single treatments 

Humic acid 6 ml / l 5.6 a 124(1 )

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l 5.6 a 124

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulfur 3 g / l           4.0 b 60

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulfur  4 g / l         4.1 b 64

Integrated treatments              

Humic acid 6 ml / l + Sulfur 3 g / l 5.5 a 120

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 6 ml / l + Sulfur 4 g / l 5.6 a 124

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 3 g / l 5.7 a 128

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 4 g / l 5.7 a 128

Control 2.5 c ---

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

( 2)  Chitinase activity expressed as mM  N-acetyl glucose amine  equivalent released/ gram fresh weight/ 60 min .

Table 5: Effect of integrated treatments between humic acid and sulfur on early blight severity  of potato plants under field conditions  (2 )

Applications First season Second season

------------------------------------------------------------- ----------------------------------------------------

Disease severity Reduction % Disease severity Reduction %

Single treatments 

Humic acid 6ml / l 1.2 bc 60 1.4 b 60(1 )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8ml / l 1.3 b 56.7  1.3 b 62.9

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulfur 3 g / l            1.0 cd 66.7 1.0 c 71.4

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulfur  4 g / l         0.8 d 73.3 1.0 c 71.4

Integrated treatments 

Humic acid 6 ml / l + Sulfur 3 g / l 0.4 e 86.7 0.6 d 83.6

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 6 ml / l + Sulfur 4 g / l 0.3 e 90 0.5 d 85.7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 3 g / l 0.3 e 90 0.4 d 88.6

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 4 g / l 0.2 e 93.3 0.4 d 88.6

Redom il – plus  2g / l 0.8 d 73.3 1.0 c 71.4

Control 3 3.5 a

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

2 - Early  blight scale from 0 to 4 according  to   Cohen et al.,(1991).

b- Effect on Tuber Yield: Results in Table (6)

indicate that all treatments significantly increased the

tuber yield during two growing seasons.The highest

increase was obtained with integrated treatments

between humic acid followed by sulfur treatments with

all tested concentrations of both treatments which

increased the potato yield more than 59.3 % during

two growing seasons. Single treatments of humic acid

at concentration 8.0 g / l and Redomil – plus 2g / l

caused increased in tuber yield more than 48.1 %.

Meanwhile both concentrations of sulfur treatments

were less effective. 

Discussion: Potato crop is one of the most important

vegetable crops in Egypt. Early blight caused by

Alternaria solani is the most important disease

attacking potato plants . Controlling this disease[1 ,2 ,3 ,18]

depends mainly on fungicidal treatments . Severe[5]

infection with late and early blight diseases was

showed in Noubareia region (Egypt) . In the present[3]

study integrated treatments between humic acid as

resistance inducer and sulfur as preventive safe

chemical against early blight disease was evaluated. 

Humic acid can be applied successfully in many

areas of plant production as a plant growth stimulant,

soil conditioner,i.e. enhanced natural resistance against

plant diseases and pests . Present results indicate that[6 ,7]

humic acid at concentrations 6 or 8 ml / l had no

inhibitory effect against Alternaria solani and reduced

early blight severity of potato plants under greenhouse

and field conditions. In this respect, Scheuerell and

Mahaffee  reported that the most effective treatments[6 ,7]

for suppression damping off in many plants and 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
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Table  6: Effect of integrated  treatments between humic acid and sulfur on tuber yield of potato plants under field conditions  

Applications First season Second season

--------------------------------------------------- ----------------------------------------------------

Yield Increase Yield Increase

% ( kg /m2 ) % ( kg /m2 )

Single treatments 

    Humic acid 6g/ l 3.8 bc 40.7 3.5 c 40 (1 )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

    Humic acid 8g/ l 4.0 b 48.1 4.0 b 60

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

    Sulfur 3 g / l            3.7 c 37 3.4 c 36

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

    Sulfur  4 g / l         3.7  c 37 3.5 c 40

Integrated treatments 

Humic acid 6 ml / l + Sulfur 3 g / l 4.4 a 59.3 4.2  a 68

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 6 ml / l + Sulfur 4 g / l 4.5 a 63 4.3 a 72

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 3 g / l 4.5 a 63 4.4 a 76

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Humic acid 8 ml / l + Sulfur 4 g / l 4.6 a 70.4 4.4  a 76

Redomil – plus  2g / l 4.0 b 48.1 4.0 b 60

Control 2.7 a 2.5 d

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

potato plants may be due to enhanced natural resistance

against plant diseases and pests . In present study[6 ,7]

results indicate that the highest increase in chitinase

activity was obtained with humic acid at concentrations

6.0 and 8.0 ml / l when applied either alone or

integrated with sulfur treatments which increased the

chitinase activity more than 120.0 %. In this respect,

B-1,3-glucanases and chitinases are able to hydrolyze

B-1,3-glucan and chitin, respectively, the major

components of fungal cell walls . Abd- El-[18 ,19 ,20 ,21]

Kareem,  reported that bean plants treated with humic[11]

acid induced resistance against root rot and Alternaria

leaf spot in addition to increased bean 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  and[8 ,9 ,22]

stimulated the soil microorganisms .[8 ,9 ,23]

Sulfur can be used as a preventive fungicide against

several diseases . In present study, sulfur at[13]

concentrations 3.0 and 4.0 g / l caused complete

reduction in linear growth of A. solani.

While, under field conditions, results indicate that

integrated treatments between humic acid followed by

sulfur reduced the early blight severity more than 83.6

% in addition to marked increase in potato yield was

showed. Sulfur treatment reduced the disease severity

due to its fungicidal activity. In this respect, Ellis, and

Bradley  reported that sulfur prevents fungal spores[12]

from germinating and must be applied before the

disease develops for effective results. 

It could be suggested that integrated treatment

between humic acid followed by sulfur might be used

commercially for controlling early blight disease of

potato plants under field conditions. 
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