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Introduction
Rhizoctonia solani (teleomorph: Thanatephorus cucumeris) is 

one of common disease throughout the world as well as the most 
economically important root diseases of cucumber with broad host 
range that includes most annual and many perennial plants. Generally, 
Rhizoctonia survives between crops as sclerotia or as fungal mycelia 
in the soil. Young plants are more susceptible to infection than older 
plants. Application of the fungicides pollutes the environment, leave 
harmful residues and can lead to the development of resistant strains of 
the pathogen [1]. Use of nutrients and micronutrients i.e. pre planting 
treatment is alternative methods which reduce fungicides usage. 

Nutrients are important for growth and development of plants and 
also microorganisms, and they are important factors in disease control 
[2]. Additionally, micronutrients are considered very important factors 
to protect the plants against adverse environmental conditions [3]. 

Microelements plays a key role in controlling (scavenging) both 
generation and detoxification of free oxygen radicals in which that lead 

of membrane lipids [4].

Recently groups of substances known as antioxidants or oxygen free 
radical scavengers were exogenously applied to protect against adverse 
effects of environmental oxidative stress, such as mineral nutrients [5]. 

Several reports show that the antioxidants may control soil-borne 
fungal diseases [6], as well as the antioxidants enhance the level of plant 
phenols which play a major role in plant disease defence, growth and 
development.

The objective of this work is study the role of seed treatment by 
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to potentially prevention of their adverse consequences, i.e. damaging 

formula of potassium tartarate, and micronutrients on managing R. 
solani of cucumber with special reference the yield and fruit quality. 

Material and Methods
The type and concentration of antioxidant and micronutrients used 

in this study are based on previous unpublished study.

Isolation of pathogenic fungus

R. solani were isolated from naturally infected cucumber seedling,
showing damping-off and root rot symptoms. The isolated fungus 
identified on the basis of cultural and microscopic morphological 
characters according to the key given by Booth [7]. Pathogenicity of 
isolated fungus toward cucumber plants (cv. Beit Alpha) was estimated 
according to Sallam et al. [8]. Artificial inoculum of pathogenic 
fungus was prepared by growing fungus on sorghum–sand medium 
as described by Abd El-Khair and El-Mougy [9]. The most aggressive 

Sclerotia of R. solani can be remain viable in soil for several years as important source of primary infection, In 
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isolate of pathogenic fungus was used in vitro and in pot experiments.

Sclerotia collection 

 From 14 d old culture of R. solani, The sclerotia were collected by 
sterile needle and surface sterilized by 5% (sodium hypochlorite) for 5 
min. then washed thoroughly with sterilized distilled water. 

Vitro experiments

Effect of K tartarate and micronutrients or their combinations 
on the mycelial growth of R. solani:  These mixture were selected as 
a result from unpublished previous study. The antioxidant Potassium 
tartarate (5 mM) or the micronutrients mixture which consists of (Zn 
sulfate, 500 ppm; Mn sulfate, 500 ppm; Cu sulfate, 100 ppm; Boric 
acid, 100 ppm and Selenium 1.0 ppm) or the both were tested for 
their effects on the mycelial growth of R. solani. The check and tested 
Petri-dishes containing Czapek’s agar medium (three replicate dishes 
per concentration of a chemical) were inoculated in the centre with a 
mycelial disc (4-mm diameter) taken from the periphery of actively 
growing colonies of R. solani. All Plates were incubated in dark at 25 ± 
2˚C. The diameter of each colony was measured after 4 days. 

Effect of soaking R. solani sclerotia in antioxidant with 
micronutrients formula on sclerotial germination and formation of 
new sclerotia: The sclerotia were soaked for 24 and 48 h in formula of 
Potassium tartarate with the micronutrients mixture before planting it 
in each plate. The plates were incubated at 25 ± 2°C on Czapek’s agar 
medium and the diameter of fungal colonies was recorded daily till the 
plates in any treatment were filled by the fungal growth. Numbers of 
new sclerotia in each treatment were also recorded until 24 days. 

Scanning electron microscope (SEM) 

The tested sclerotia fixed it in buffered aldehyde for 3 hours, post 
fixing it in osmium tetroxide for 1 hour, Dehydrate by a graded ethanol 
series 25%, 50%, 75%, and two 100% each for 10 min. (5×10=50 min)
and finally coat with gold and view in JSM-6380 LA scanning electron 
microscope.

Pots experiment

Seeds of the cultivar cv. Beit Alpha, susceptible to R. solani were 
soaking for 12 hours in: a) Tap water (control); b) Potassium tartarate; c) 
micronutrients mixture and d) Potassium tartarate plus micronutrients 
mixture. The first set was infested pots (25 cm in diameter) with 
virulent isolate of R. solani at the rate of 2% of the soil weight was used 
as control. Seeds were sown in the prepared pots (five seeds per pot). 
Three pots were employed for each treatment. In each treatment, the 
number of seedlings that emerged in each pot was recorded 6 days after 
sowing. Seedling stands gave an estimate of pre-emergence damping-
off in infested pots. A second observation on seedling stands 14 days 
after sowing estimated the total disease. The effect on percentage seed 
germination and rate of seedling emergence recorded in no infested 
pots. At flowering stage three plants from each pot were chosen to 
determine growth characters plant height, fresh weight of shoot and 
root. 

Biochemical changes in response to infection

Estimation of total phenols: Changes in total phenols were 
determined after two, four and six days from soil infestation.

In seedling stage, fresh infested roots of cucumber seedlings were 
used. Total phenolic content (TPC) was determined as per Singh et al. 
[10]. Samples of 2 g were homogenized in 80% aqueous ethanol at room 

temperature and centrifuged at 10000 rpm for 15 min. under cooling 
and the supernatants were saved. The residues were extracted in 80% 
ethanol. The supernatants were taken and evaporated to dryness at 
room temperature. Residues were dissolved in 5 mL distilled water. One 
hundred microliters of each extract was water diluted to 3 mL. The 0.5 
mL of Folin-Ciocalteau reagent was added. After 3 min, 2 mL of 20% of 
sodium carbonate was mixed thoroughly to the extract. The developed 
color was spectrophotometrically measured at 650 nm. After 60 min, 
while catechol was used as a standard. The results were expressed as mg 
catechol/100 g fresh weight.

Field plots trials: Field trials were designed to study the effect of 
selected formulation of antioxidant with micronutrients on the vigor 
of cucumber plants, quality and quantity of the fruits. Also, to verify 
the results obtained from pots experiments. The trials were conducted 
at the experimental farm, Plant Pathology Department, Faculty of 
Agriculture, Mansoura University. 

A completely randomized block design experiment with three 
replicates was used for confirming the results in vivo. Each row was 130 
cm length, 80 cm width and the space between plants was 25 cm. The 
recommended cultural practices for growing cucumber were performed 
according to previously experiments. Agricultural sulphur applied 
to the soil before week from sowing at the half dose recommended, 
whereas phosphorus divided into two portions. One was mixed with 
the top layer of the soil with sowing and the second was added after 
completely germination. The amounts of each fertilizer required for 
each plot were calculated on the basis of the ratio between area of plot 
and feddan. The nitrogen and potassium fertilizers were divided into 
four portions. Each portion was added to the soil with sowing seeds and 
after 15, 30 and 45 days from sowing. 

Daily observations of seedlings and follow up emergence of 
symptoms damping-off and rotted seedlings naturally as well as healthy 
cucumber plants were recorded.

Yield and its component: Cucumber fruits at premature stage 
were picked at the mid harvesting season (60 days after sowing), then 
weighted and the following data were calculated.

Fruit samples of 5 fruits from each experimental plot were taken 
to determine average fruit weight (gm), total yield/1 m2 and chemical 
analysis of fruits. A fresh portion of a fruits was used for the estimation 
of biochemical properties such as total phenol, the remainder portion 
was dried at 100˚C, powdered and used for estimation of percentage of 

in soil department, Faculty of Agriculture, Mansoura University.

Statistical analysis

Data were analyzed with the statistical analysis software, CoStat 
V6.4. Data were first subjected to analysis of variance (ANOVA). 
Comparisons among means were made using least significant 
differences (L.S.D.) at P ≤ 0.05.

Results

Soaking of R. solani sclerotia in combination of potassium tartarate 

Effect of soaking R. solani sclerotia in mixture of Potassium 
tartarate (A) and micronutrients formula (Mix) in colony 
diameter and formation of new sclerotia
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to soil infestation with R. solani. On the other hand, seed presoaking 
in Potassium tartarate alone or with micronutrients combination gave 
highly significant protection of cucumber seedlings against damping-
off and root rot. The data revealed that seedling stands up increased 
by 42.7% & 46.4% respectively on day 6 and 58.7 & 60.9% respectively 
on day 14 over check ones. Moreover, seedling growth was better in 
no infested pots with seed treatment by potassium tartarate and 
micronutrients mixture. 

The effect of Potassium tartarate and/or micronutrients on 
growth characters in relation with R. solani infection

Data in Table 3 show negative relationship between infection 
with R. solani and vegetative characters of cucumber plants. However, 
cucumber seed soaking treatments was significantly improved plant 

and micronutrients have a great effect in the growth and reformation 
of R. solani sclerotia. As shown Table 1, the colony diameter of fungus 
sclerotia which soaked for 24 h, inhibited by 72, 14 and 5% after one, 
two and five days respectively and formed new sclerotia after 7 days as 
control where the 48 h soaked sclerotia showed more colony diameter 
inhibition with 72, 65 and 52% respectively, moreover it cannot formed 
sclerotia after 24 days of incubation. 

Examination of control and treated sclerotia under scaning 
electron microscope (SEM): For more investigation, the treated and 
untreated sclerotia examined under SEM which revealed that, the 
untreated sclerotia showed normal germ hyphae in its shape and size 
where the 48 h treated ones showed germ hyphae alterations, includes, 
changes in measurements of hyphae, increased branches, reduce length 
of branches, retardation of the plasmolemma and collapse of cytoplasm 
(Figures 1 and 2).

Pots experiment: Effect of Potassium tartarate and/or 
micronutrients in Cucumber damping-off and root rot disease caused 
by R. solani. Data in Table 2 indicate that, seedling stand percentage 
of cucumber plants after 6 and 14 d from sowing were decreased due 

 

 

Figure 1: Untreated (control) sclerotia.

Colony diameter (cm)
Incubation time Control Soaked for 24 Soaked for 48

% of 
inhibition

Colony 
diameter

% of 
inhibition

Colony 
diameter

one day 1.8f* 72a 0.5h 72a 0.5h
two days 3.5d 14d 3be 65b 1.2g
five days 09:00 AM 5e 8.5b 52c 4.3c

formation of new 
sclerotia

formed a 
sclerotia after 

7d of 
incubation

formed a sclerotia  
after 7d of 
incubation

Not Formed a sclerotia 
after 24d

Table 1: Effect of soaking R. solani sclerotia in Potassium  tartarate and 
micronutrients mixture combination in colony diameter and formation of new 
sclerotia.

After 6  days After  14  days
infested Non-infested infested Non-infested

Check 56g 70e 46f 73d
Potassium 

tartarate (A)
79.9 (42.7)*d 93 (32.9)a 73 (58.7)d 97 (32.9)a

Micronutrients 
mixture (Mix)

66.7 (50.9)f 86.6 (23.7)b 59 (28.3)e 87.6 (20)b

(A)+Mix 82 (46.4)c 94 (34.2)a 74 (60.9)c 97 (32.9)a

*Percentage of increase over check 
Table 2: Seedling stands (%) of cucumber in soil infested with R. solani and 
resulted from seed treatment by Potassium tartarate and/or micronutrients.

Treatments Infested Non-infested
Length 
(cm)

Fresh 
weight/
shoot (g)

Fresh 
weight/root 
(g)

Length 
(cm)

Fresh 
weight/
shoot (g)

Fresh 
weight/root 
(g)

Check 21.0d 9.18g 0.35f 27.6c 17.6c 0.7c
(A) 28.3 

(34.8)*c
12.40 
(35.1)f

0.50 
(42.9)e 

33.0 
(19.6)b

19.3 
(9.7)b

0.8
 (14.2)b 

Mix 31.7  
(50.1)b

12.5  
(36.2)f

0.63  
(80.0)d

33.0 
(19.6)b

15.4 
(-12.5)d

0.8  
(14.3)b

(A)+Mix 31.7
(50.1)b

13.3
 (44.9)e 

0.67
 (91.4)d

36.0 
(30.4)a

20.4
 (15.9)a

1.2 
(71.4)a 

Table 3: Effect of seed treatments by Potassium tartarate and/or micronutrients on 
cucumber vegetative growth parameters under greenhouse conditions in infested 
and non-infested pots with R. solani.

  

 
 

Figure 2: Sclerotia treated for 48h by combination of antioxidant, potassium 
tartarate, and micronutrients.
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growth parameters (plant height, plant fresh and root weight) which 
grown in non infested and infested pots with R. solani. 

Phenol content: Total phenols were estimated in roots of infested 
seedlings of two, four and six days after seedlings inoculation with R. 
solani in soil pots. Data in Table 4 show that total phenols in fresh roots 
of cucumber steeply raised in seeds treated with the potassium tartarate 
after two days by 155.8% over the check where the combination of 
Potassium tartarate with micronutrients mixture recorded its highest 
effect in total phenol increase by 93.4% increase over check after 4 
d. In the other hand micronutrients mixture alone recorded higher 
total phenols content compared with other treatment when estimated 
tow, four and six days after inoculation especially after four days of 
inoculation. On the other hand the same previous treatment showed 
lowest concentration in total phenols content when estimated six days 
after inoculation.

Field trial: According to the previous results obtained from the pot 
experiments, the field experiments were designed by selecting some of 
the applied treatments to focus on their effects on natural infection by 
R. solani damping-off disease and improving cucumber growth and 
yield quality.

Effect of combination of Potassium tartarate and/or 
micronutrients in total yield and Concentration of protein 
and minerals (N, P & K) in cucumber fruits in field trials 

Total fruit yield were highest by all seed treatments when 
comparisons with the untreated check (Table 5). The highest fruit 
production was obtained with potassium tartarate followed by 
its mixture with micronutrients giving increase in total yield by 
(130.5% and 73.5%, respectively) as well as increase in nitrogen and 
protein content of the fruit by 117% over check. In the other hand 
micronutrients revealed the lowest percentage increase in NPK and 
protein compared to other treatments, while the same treatment was 
highest comparisons with the untreated check. 

Discussion
The control of plant diseases using classical pesticides raises serious 

concerns about food safety, environmental quality and pesticide 
resistance, which have dictated the need for alternative pest management 

techniques. In particular, nutrients could affect the disease tolerance or 
resistance of plants to pathogens.

In vitro studies on linear growth and sclerotia germination show 
that the innovated formulation prepared by the author may acts as 
antifungal formulation. Antioxidant alone or in combination with 
micronutrients in vitro may inhibit a number of enzymes by dissolving 
the membrane lipids and interfere with membrane functions, including 
transport of nutrients. Also interfere with the synthesis of protein, RNA 
and DNA, and destroy the membrane potential similar to other weak 
organic acids [11].

Another explanation based on the applied mixture can inhibit 
the activity of enzymes involved in the biosynthesis of melanin (1, 
8-dihydroxynaphthalene, DHN) in a wide range of plant pathogenic 
fungi [12], which is required in initiation and developmental stages 
of sclerotia formation, and was maintained at high levels after the 
initiation stage. Moreover the entering of undifferentiated mycelium of 
R. solani to differentiated state accompanied by a decrease in the low 
oxidative stress-associated total reduced thiols and/or by an increase 
of the high oxidative stress-associated total oxidized thiols either in 
the sclerotial mycelial substrate or in its corresponding sclerotia, this 
formula may also affected the thiol redox state [13].

Manganese plays a role in regulating the levels of auxin in plant 
tissues by activating photosynthesis especially photosystem two 
[14]. Auxin may induced the systemic resistance and encourage the 
meristemic activity of the plant which resulted in more cell division 
and cell enlargement [15]. Nutrition influences all of the interacting 
components affecting disease severity. Plants contain preformed 
anti-microbial compounds and have active response mechanisms 
where inhibitory phytoalexins, phenols, flavonoids, and other defense 
compounds accumulate around infection sites of resistant plants if the 
nutrients required for the synthesis or induction of those compounds 
are adequate [16]. 

Manganese and zinc are co-factors of Super Oxide Dismutase 
(SOD), which considered enzymatic antioxidant, hence alleviate the 
harmful effect of Reactive Oxygen Species (ROS free radicals) caused by 
fungal stress. These findings are in agreement with Kostas and Christos 
[17], they found that the foliar application of microelements can be 
used to reduce the severity of tanspot disease on durum wheat, however 
the physiological basis of this pattern still unknown.

Primed seeds may have avoided Rhizoctonia by rabidly growing 
through the susceptibility seedling stage. Antioxidant successfully 
protected cucumber seedlings from pre-emergence damping-off and 
post-emergence seedling mortality caused by a virulent isolate of R. 
solani this antioxidant did not reduce colony growth of R. solani in vitro. 
Therefore, it is suggested that some inducible defense mechanisms in 
cucumber seedlings tissues, rather than a direct antifungal action against 
R. solani. Results presented here clearly show that mixture of antioxidant 
with micronutrients have the potential to induce systemic resistance 
in cucumber plants. They were applied as seed treatment at fairly low 
concentrations. Several reports showed that such micronutrients cause 
systemic protection most possibly through induced changes in host 
metabolism. The reports also show that Mn can control a number of 
diseases as Mn has an important role in lignin biosynthesis, phenol 
biosynthesis, photosynthesis and several diseases reduction is most 
often attributed to improved nutrition that boosts host defenses or to 
direct inhibition of fungal growth and activity [18]. In most cases, the 
minerals work by directly reducing the inoculum potential, improving 
host tolerance, or both [19]. The formulation treatment showed a 

Treatments Total yield/ 
m2 (g)

%N %P %K %Protein

Check 619.3d 0.98d 0.17 b 2.65c 6.13c
(A) 1427 

(130.5)*a  
2.13

(117.3)a 
0.22 

(77.3)a   
3.32 

(25.3)b 
13.31

(117.1)a   
Mix 973 (57.1)c 1.205 (22.4)c 0.173b 2.8 (5.6)c 7.52 (22.9)bc
(A)+Mix 1074 (73.5)b  1.54  (57.1)b  0.18 (5.9)b  3.94 (48.7)a  9.63 (57.1)b

Table 5: Percentage of N P K and protein in Cucumber fruits of treated and 
untreated seeds in field trial.

Treatments Total phenols (mg/100 g fresh weight of roots) after

2d 4d 6d
Check 27.3j     15.22i      22.97k       
(A) 69.85 

(155.8)*c       
27.51 
(80.7)j        

30.72 
(33.7)g      

Mix 70.65 
(158.7)b       

97.64 
(542.3)a          

55.43 
(141.2)d         

(A)+Mix 31.31  (14.6)f       29.45 (93.4)h     33.92 (47.6)e        

Table 4: Total phenols in roots of diseased cucumber seedlings resulted from 
seeds treated with potassium tartarate, micronutrients and their combinations after 
inoculation with R. solani in soil pots.
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significantly effect in reducing Rhizoctonia damping-off. This effect 
may due to the enhancement of phenol production in host tissues. This 
results are in agreement with Morandi et al. [20], Metraux and Raskin 
[21] who emphasized that phenolic phytoalexin may involved in the
resistance of plant to pathogenic microbial infection.

The obtained data also show that all treatments had significant 
effects on total phenols in fruits. This promotive effect on fruit quality 
could potentially benefit human health. The result is in agreement with 
Hanson et al. [22] who indicated that phenols are closely associated 
with antioxidant activity and suggests that phenolics make a major 
contribution to antioxidant activity in vegetables fruits. 

This stimulatory effect of the combination treatment used in this 
investigation may also be due to their action as antioxidants which 
protect the chloroplasts from the production of toxic free radicals, 
thereby prevent degradation of pigments and inhibit the photo 
oxidation of pigments that arise under stressful conditions [23]. 

Pathogenesis by R. solani is characterized by severe damage or death 
of host cells before or immediately after penetration, and colonization 
is primarily a process of hyphal growth into moribund tissue. There is 
evidence of cell wall degrading enzyme activity prior to penetration, 
and damage to cell membranes and degenerative changes in cytoplasm 
(oxidative damage by free radicals) can also be detected in cortical 
cells prior to colonization [24]. Positive effects of this formulation in 
disease control against damping-off providing another evidence that 
free radicals are possibly involved in infection and rotting of young 
seedlings by R. solani.

This simple, save and low cost formula can be considered as a clean 
means of disease control against R. solani which can be applied instead 
of the traditional toxic fungicides that lead to environmental pollution. 
According to this study using of potassium tartarate and micronutrients 
mixture in seed treatment not only recognized as an economic factor 
but also a significant potential for integrating plant nutrition in the 
management of diseases.
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