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Abstract | Nature-friendly compounds are being explored to substitute chemically synthesized products for 
safe and effective control of crop pests. This study investigated the effects of Trichoderma viride (Tv) and T. 
virens (Tvr) as antifungal agents individually or combined with pomegranate peel aqueous extract (PP) on M. 
incognita infesting potato cv. Spunta. Based on the percentages juvenile reduction in soil at harvest time, the 
combined treatments of Tv or Tvr with PP recorded 66.8 or 60.5% nematode reductions, respectively, as each 
fungal agent was applied in soil before planting. However, such reductions were 83.7 and 78.7%, respectively, 
when Tv or Tvr were used as single treatments indicating more efficacy on M. incognita populations in the 
absence of PP. All treatments significantly (P ≤ 0.05) increased weights of plant branches and tubers; especially 
by individual than combined treatments. Biochemical compounds were influenced by different treatments of 
the tested materials. The diversity and community of aerobic bacteria, spore-forming bacteria and fungi and 
frequency% of fungi in potato rhizosphere varied among different treatments.
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Introduction

Globally, plant-parasitic nematodes (PPNs) cause 
significant plant diseases and consequently severe 

losses to economically important crops. Although 
the main parasitic nematodes of potato, Solanum 

tuberosum, plants may comprise species of Globodera, 
Ditylenchus, Pratylenchus and Nacobbus aberrans (Niere 
and Karuri, 2018), root-knot nematodes (RKNs), 
Meloidogyne spp. rank the highest among these serious 
groups causing substantial economic losses to many 
susceptible potato cultivars in Egypt (Abd-Elgawad, 
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2020), where M. incognita is the most dominant and 
dangerous species (Osman et al., 2022). The economic 
importance of increasing potato production is obvious 
as potatoes have various forms of local consumption 
(e.g., table potatoes, seed potatoes, chips, French fries, 
and processing potatoes), in addition to its exportation 
to provide direly needed foreign exchange revenue 
(Abd-Elgawad, 2020). Since M. incognita-infected 
plants show stunting in plant growth, leaf chlorosis, 
and reduction of water uptake and nutrients transport 
resulting in yield reduction (Niere and Karuri, 2018), 
it is necessary to develop safe and effective control 
measure against the RKNs (Šunjka and Mechora, 
2023). Many growers use chemical nematicides, 
however, due to their side effects on the environmental 
and non-target beneficial species, it is mandatory to find 
benign and reliable alternative nematicides. Therefore, 
comprehensive and continuous investigations of the 
response (beneficial and harmful impacts) of such 
alternatives should be pre-requisites to products of 
biotechnology. Recently, the additive, synergistic, or 
antagonistic effects of agricultural inputs on RKNs on 
potato were reviewed (Abd-Elgawad, 2020) to offer 
novel insights for the nematode control.

Species of Trichoderma as biocontrol antifungal 
agents can share in integrated pest management 
(IPM) to control the pests and diseases in an 
environmentally friendly manner (Monte, 2001). 
A study by T. harzianum combined with Lantana 
camara, significantly reduced M. incognita population 
criteria on tomato which was reflected in increasing 
mean of yield criteria (Feyisa et al., 2015). Abd-
El-Khair et al. (2018) reported that T. harzianum 
and T. virens as well as oil cakes of olive and castor 
bean residues alone or consortium reduced Fusarium 
solani root rot disease incidence and M. incognita on 
eggplants in pot experiment. El-Nagdi et al. (2019a; 
b) showed that three fungal species, T. harzianum, T. 
viride, and T. virens, and ground seeds and powdered 
leaves of certain plants as soil amendments in sole or 
combined treatments significantly (P ≤ 0.05) reduced 
M. incognita criteria and consequently enhanced 
plant growth parameters. The RKN reduction 
occurred by the combined treatments were higher 
than those obtained by single ones. Also, Youssef et al. 
(2017, 2020) stated that some fungal species acted as 
bioagents which reduced M. incognita on sugar beet 
in the first date and cowpea in the second date. 

Punica granatum (pomegranate) was reported by 

Middleton et al. (2000) to be rich in antioxidant of 
polyphenolic class that includes tannins and flavonoids. 
Antioxidant activity has been suggested to have a vital 
role in various pharmacological activities such as anti-
aging, anti-inflammatory aging, anti-atherosclerosis 
and other anti-activities. Regaieg et al. (2017) 
indicated that M. javanica infestation was reduced 
by aqueous extract of pomegranate that consequently 
improved plant growth, but its powder form exhibited 
a phytotoxicity symptoms compared to control. 
Youssef et al. (2014) and El-Nagdi and Youssef (2015) 
showed that reduction in the nematode parameters 
in roots of date palm for the first and sugar beet for 
the second authors infected by M. incognita occurred 
by pomegranate peel aqueous extract. However, no 
studies were carried out on the combining effect of 
Trichoderma and pomegarante extract on M. incognita 
population. Notwithstanding that the synergistic or 
additive effects of such benign factors on potato pests 
are needed, the combined effect of fungal bioagent 
with pomegranate peel aqueous extract might show 
antagonistic activities, given its aforementioned anti-
activities. This does not negate the pressing need to 
look at novel solutions to enhance the crop productivity 
without harming the environment. 

In this concern, two species of Trichoderma viride (Tv), 
T. virens (Tvr) as antifungal agents and pomegranate 
peel (PP) aqueous extract were singly used or each 
fungus combined with PP to biocontrol M. incognita 
and their influence on diversity and community of 
total microbes and fungal frequency% in potato soil 
under field conditions.
 
Materials and Methods 

Test materials
Ministry of Agriculture and Land Reclamation, 
Vegetative Research Center, provided the source of 
potato (Solanum tuborsum L.) cv. Spunta tubers used 
in this experiment.

Plant extract
A weight of 100 g of crushed fruit peels of pomegranate 
(PP) was soaked in 1L distilled water for three days. 
Filtrates (10%) were then, prepared by filtration 
through Whatman filter paper no. 1 and were added 
to each replicate at the rate of 200 ml.

Source of fungal inocula
Trichoderma viride (Tv) and T. virens (Tvr) were singly 
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reared on sterilized medium containing sorghum: 
sand: water (2:2:1 v/v/v). The sterilized medium was 
individually inoculated by each fungal species, using 
fungal disc (1-cm diameter) obtained from 7-day-old 
culture sourced from Plant Pathology Department, 
National Research Centre, Egypt. Then, the medium 
was incubated at 30±2 °C for 15 days. The resulting 
fungal inoculum was applied in the field.

Field trial 
This study were performed in a field infested with M. 
incognita, with randomized complete block design, 
at El-Mansouryia village, Giza governorate, Egypt 
during the growing season of potato in winter season 
from January to May, 2020 season. The soil was 
divided into 3-m in length and 75-cm in width rows 
and the distance among plants (Hills) 20-cm. Each 
fungal bio-control agent (FCA) at the rate of 50g was 
added in each pi t( Hill) and pomegranate fruit peel 
aqueous extract at the rate of 200 ml was added by 
soil drenching in each replicate before planting as well 
as control (without treatment) followed by planting 
potato cv. Spunta tubers. Five replicates (hills) were 
used for each treatment and control. The treatments 
were: (1) Trichoderma viride (Tv)+ pomegarante peel 
(PP) residue extract, (2) T. virens (Tvr)+ PP residue 
extract, (3) PP residue extract + Sorghum (S) as 
carrier, (4) Tv, (5) Tvr, (6) PP residue extract, (7) 
Sorghum (S) (carrier or medium), and (8) Untreated 
control. Horticultural practices were followed as 
recommended (El-Anany et al., 2019).

M. incognita juvenile ( J2s) numbers (initials) (at one 
week before planting), and others at mid-season (two 
months after planting and treatment) and at the end 
of growing season (four months after planting and 
treatment) were assessed from three soil subsamples 
which were mixed well to form an aliquot of one 
composite soil sample of 250 g soil. The number of J2s 
in soil was sieved and decanted according to Barker 
(1985). Numbers of galls and egg-masses in excised 
roots were recorded at harvest time in treated and 
untreated potato plants. The percentage of reduction 
for each nematode parameter was calculated according 
to the formula of Puntener (1981). The mean total 
percentages of nematode reductions (Observed effect) 
for each treatment was calculated to compare among 
different treatments. Lempel’s formula reported by 
Richer (1987) was used to calculate the percentage 
of the tested combined substances (expected effect) 
based on the percentages of reduction of juveniles 

in the soil in the combined treatments using the 
following formula:

E =X + Y - XY / 100 

Where: E=effect that expected for the mixture. X and 
Y represent the effect due to each of single treatment 
A and Y alone, respectively.

The co-toxicity% was calculated to determine additive, 
synergistic, or antagonistic effect for each mixture 
according to the equation registered by Mansour et al. 
(1966) depending upon the percentages of nematode 
reduction for the number of final J2s in soil (Observed 
effect) as follows:

 
The percentages of co-toxicity values can be 
categorized based on the previously mentioned 
equation, where the value of 20 or more is considered 
potentiating, -20 or more show antagonistic and 
immediate values ranging from -20 to + 20 exhibit 
additive or synergistic action. Potato plant growth 
and yield attributes were recorded. For comparison 
among treatments, the percentages of increase in the 
weight of branches and number and weight of tubers 
per plant were calculated for each treatment.

The colorimetric method by Dubois et al. (1956) was 
followed to determine soluble carbohydrates and 
total carbohydrates in potato tubers. Total phenolic 
compounds from potato tubers were determined 
colorimetrically according to Snell and Snell (1953) 
and Folin Ciocalteu phenol reagent was used. 
Determination of chlorophyll a, chlorophyll b, and 
carotenoids as photosynthetic pigments in the fresh 
leaves followed Moran (1982).

As described by El-Nagdi et al. (2023), diversity and 
community of aerobic and, spore-forming bacteria 
and fungi in the rhizosphere of potato plant as affected 
by Tv and Tvr sole or combined with pomegranate 
peel were assessed as CFU per 10 g of soil at the 
aforementioned sampling dates by dilution method 
(Bridson, 1995; Ghini et al., 2007). On the basis of 
their morphological and cultural characters following 
Ellis (1971) and Barnett and Hunter (1972), the 
obtained fungi were identified to genus and species 
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level and counted at the different sampling times. 
The frequency percentages of common fungi in the 
potato rhizosphere in the different treatments were 
determined (Ghini et al., 2007) as follows:

Statistical analysis of data
Analysis of the present experiment was achieved on 
the basis of one -way analysis of variance (ANOVA) 
to detect significance at probability 0.05 among the 
obtained data. Mean separation was evaluated by 
Duncan’s Multiple Range Test following Snedecor 
and Cochran (1989) by using computer statistical 
software (COSTAT).

Results and Discussion

Impact on Meloidogyne incognita parameters
The treatments of each of Tv and Tvr significantly 
(P ≤ 0.05) could decrease nematode parameters as 

indicated by the J2 numbers in soil at mid-season 
and numbers of J2s in soil and roots and egg masses 
and galls on roots at harvest time (Table 1). Based on 
the percentages of nematode reductions in soil, the 
treatments differed in the J2s numbers at mid-season. 
At harvest time, the combined treatments of Tv or 
Tvr with PP recorded 66.8 and 60.5% nematode 
reductions, respectively which were less than 83.7 and 
78.7% nematode reductions caused by the respective 
Trichoderma spp. when used as single treatments. Both 
PP and S registered nematode reductions in soil, 50.9 
and 46.7%, respectively compared to PP extract + S as 
recorded 49.9%. Other nematode parameters differed 
in their reductions according the tested materials.

Antagonistic effects for the percentages of juvenile 
reductions on potato were shown by PP. Their assessed 
co-toxicity values (-27.6 and -32.6) on the respective 
fungi, when combined with Tv or Tvr were implied 
in soil at harvest stage. The combination between PP 
+ S showed antagonistic interaction too (Table 2).

Table 1: Trichoderma viride, T. virens and pomegranate peels in sole or in combination and their effects on Meloidogyne 
incognita parameters in potato under field conditions.
Treatment Initial and mid- 

season J2s /250 g soil
No. of nematode parameters and galls/5 g 

roots and 250 g soil at harvest time
% mean of total 
percentages 
of nematode 
reductionInitial Mid -season Final J2s in soil Egg masses Galls

Trichoderma viride+ pomegranate peel 
residue extract(Tv + PP)

430a 294d (84.7%) 640f (66.8%) 396b (29.0%) 578b (18.4%) 47.5

Trichoderma virens+ pomegranate peel 
residue extract(Tvr + PP)

428a 336c (82.5%) 758e (60.5%) 100e (82.1%) 175f (75.3%) 74.4

Pomegranate residue extract + Sorghum 
(carrier)(PP + S)

452a 350b (82.7%) 780d (61.5%) 290c (48.0%) 435d (38.6%) 49.9

T. viride (Tv) 450a 251e (87.6%) 328h (83.7%) 300c (46.2%) 510c (28.0%) 59.8
T. virens (Tvr) 434a 180f (90.8%) 415g (78.7%) 200d (64.2%) 370e (47.7%) 58.2
Pomegranate residue extract(PP) 438a 352b (82.1%) 938b (52.2%) 72e (87.1%) 171f (75.8%) 50.9
Sorghum (carrier or medium)(S) 444a 253e (87.3%) 840c (57.8%) 285c (48.9%) 378e (46.6%) 46.7
Untreated control 435a 1950a (0) 1950a (0) 558a  (0) 708a (0) - (0)

 1Each value is average of 5 replicates. 2Means in each column, denoted by the same small letter are not significantly different according to 
Duncan`s multiple range test (P = 0.05). Values of initial population were transformed to √x before statistical analysis. 3Values between 
brackets indicate the percentages nematode reductions.

Table 2: Interaction type among the combined treatments on the percentages nematode reduction of root-knot nematode, 
Meloidogyne incognita on potato at harvest stage.
Treatment Effect of observed and expected percentages 

of nematode reduction at harvest stage
Co 
toxicity

Type of 
interaction

Expected% Observed%
Trichoderma viride+ Pomegranate residue extract(Tv+ PP)
Trichoderma virens + pomegranate residue extract(Tvr+PP)
Pomegranate residue extract + sorghum (carrier)(PP+S)

92.21
89.8
79.8

66.80
60.5
61.5

-27.6
-32.6
-22.9

antagonistic
antagonistic
antagonistic
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Table 3: Growth parameters of potato infested by Meloidogyne incognita as affected by Trichoderma viride, T. virens 
and pomegranate extract in sole or in combination under field conditions.
Treatments Mid-season Harvest season

Length of 
branches 
(cm)/ plant

No. of 
leaves/ 
plant 

Length of 
branches 
(cm)/pant

No. of 
leaves/
plant 

Weight of 
branches 
(g)/plant

% In-
crease

Trichoderma viride+ Pomegranate residue extract (Tv + PP) 14ab 35a 36a 39a 46bc 130.0
Trichoderma virens + Pomegranate residue extract (Tvr + PP) 13ab 20b 36a 22bc 43bc 115.0
Pomegranate residue extract+ Sorghum(carrier)(PP+S) 17a 12c 35a 14cd 45bc 125.0
Trichoderma viride (Tv) 12ab 8d 33a 10d 52b 160.0
Trichoderma virens (Tvr) 15ab 20b 36a 23b 80a 300.0
Pomegranate residue extract (PP) 16ab 13c 34a 16bc  35cd  75.0
Sorghum (carrier)(S) 14ab 10c 35a 16bc 33d  65.0
 Untreated Control 11b 7d 29b 9d 20e 0

1Each value is average of 5 replicates. 2Means in each column, denoted by the same small letter(s) are not significantly different according to 
Duncan`s multiple range test (P = 0.05).

Table 4: Trichoderma viride, T. virnes and pomegranate peel extract in single or in combination and their effects on 
yield parameters of potato infested by M. incognita under field conditions.
Treatments No of tubers/

plant
% In-
crease

Weight of tubers/
plant (g)

% In-
crease

Trichoderma viride+ pomegranate residue extract(Tv + PP) 3a 50 219.3d  78.3
T. virens + pomegranate residue extract(Tvr + PP) 5a 100 300.0bc 143.9
Pomegranate residue extract + Sorghum (carrier) (PP + S) 3a 50 285.0c 131.7
Trichoderma viride(Tv) 3a 50 340.0b 176.4
Trichoderma virens(Tvr) 3a 50 480.0a 290.2
Pomegranate residue extract(PP) 3a 50 290.0c 135.8
Sorghum(carrier)(S) 4a 100 200.0d  62.6
Untreated control 2a 0 123.0e 0

1Each value is average of 5 replicates. 2Means in each column, denoted by the same small letter are not significantly different according to 
Duncan`s multiple range test (P = 0.05).

Impact on potato plant growth
As for plant growth of potato plants in Table 3, all 
treatments significantly (P ≤ 0.05) increased plant 
growth criteria as indicated by length of branches, 
number of leaves and weight of branches per plant 
compared to control. On the basis of the percentages 
of increases of weight of branches, they recorded 
the highest percentages of increases; 160 and 300% 
by using either Tv or Tvr as single treatments, 
respectively. The combined treatments of each of 
the two fungal species + PP aqueous extract caused 
less percentages of branch weight increases, 130 
and 115%, respectively compared to those of single 
treatments and control.

Impact on potato tuber yield
The sole treatments (Tv or Tvr) achieved 176.4 and 
290.2%, increases in weight of tubers, respectively 
(Table 4). Whereas the combined treatments of either 

Tv or Tvr with PP recorded less percentages of mean 
weights of tubers. 

Impact on photosynthetic pigments 
Chorophyll a, chlorophyl b, and carotenoid contents 
were differently affected by treatments (Table 5). Their 
total contents recorded the maximum via sorghum 
(S) followed by PP residue extract, and Tvr combined 
with PP compared to the other applied treatments.

Impact on phytochemical changes
Total carbohydrates, polysaccharides, and phenolic 
compounds were influenced by different treatments 
of the tested materials (Table 5). Their contents 
were enhanced by applying different treatments 
as compared to those of the untreated check. The 
combined treatment; pomegranate peel residue extract 
(PP) + S (Sorghum) recorded maximum contents 
of the previous contents followed by the treatment 
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pomegranate peel residue extract (PP). T. viride treated 
plants had the lowest contents of total carbohydrates 
and polysaccharides. As for soluble carbohydrates, the 
combined treatment; Tvr + PP recorded the highest 
content followed by Tv + PP residue extract. The 
lowest content of soluble carbohydrates was recorded 
in plants treated by Tv only.

Impact on diversity and community of microbiota
Averages of microbial counts at the different sampling 
dates were illustrated in Table 6. All treatments at 
mid- and end- growing seasons, increased the total 
numbers of aerobic bacterial counts in the ranges of 
6.95 to 7.28 and 7.35 log10 CFU/10g soil, respectively 
comparable to untreated control (7.00) (Table 6). The 

maximum aerobic bacterial counts during end- season 
were recorded by Tvr + PP (7.35), followed by PP 
only (7.33), PP+S (7.30), Tv + PP (7.22), Tvr (7.21), 
Tv (7.12) at the same period compared to untreated 
control (7.00). The total spore-forming bacterial 
counts also increased in the ranges of 4.95 to 5.09 and 
5.25 log10 CFU/10g soil with the tested treatments at 
mid- and end- growing seasons, relative to untreated 
control which recorded 5.00 and 5.11 CFU/10g 
soil, respectively. At end of the growing season, the 
greatest spore-forming bacterial counts were recorded 
with Tvr + PP (5.25) and PP only (5.25) followed by 
PP+S (5.18), Tvr (5.18), Tv (5.14), and Tv + PP (5.08) 
compared to the untreated control. The total fungal 
counts also increased in the ranges of 5.00 to 5.11 and

Table 5: Phytochemical changes in potato tubers and photosynthetic pigments in leaves infested by Meloidogyne 
incognita as affected by Trichoderma viride and T. virens and pomegarante extract singly or in combinations.
Treatments Photosynthetic pigments 

(mg/g fresh weight)
mg/g fresh weight Phenolic 

content %
Chloro-
phyll a

Chloro-
phyll b

Carot-
enoids

Total Total car-
bohydrates

Soluble car-
bohydrates

Polysac-
charides

Trichoderma viride+ pomegranate peel 
residue extract(Tv + PP)

9.77d 2.89c 1.71bc 14.37d 790.20ab 41.19a 749.01bc 4.05bc

Trichoderma virens + pomegranate peel 
residue extract(Tvr + PP)

12.90b 3.63bc 1.87a 17.75bc 785.92abc 41.42a 744.50cd 4.38b

Pomegranate peel residue extract + 
Sorghum (Carrier)(PP + S)

11.02cd 3.29bc 1.67bc 15.98cd 795.78a 39.19ab 756.59a 6.39a

Trichoderma viride (Tv) 7.32e 2.41d 1.76bc 11.33d 772.38d 36.69c 735.69e 3.27e
Trichoderma virens (Tvr) 10.80cd 3.04c 1.65bc 15.49d 784.25bc 37.90bc 746.35bc 3.29e
Pomegranate peel residue extract (PP) 12.87b 4.14a 1.42c 18.34b 790.94ab 39.19ab 751.75ab 3.73cd

Sorghum (Carrier)(S) 15.80a 4.09a 1.55bc 21.44a 776.27cd 38.06bc 738.21de 3.25e
Untreated Control 12.28b 3.66ab 1.81a 17.75bc 776.11cd 39.86ab 736.25e 3.07e

1Each value is average of 5 replicates. 2Means in each column, denoted by the same small letter are not significantly different according to 
Duncan`s multiple range test (P = 0.05). 

Table 6: Trichoderma viride and Trichoderma virens alone or combined with pomegranate extract and their effects on 
microbial diversity and composition in potato soil at various sampling dates under field conditions.
Treatments Log 10 CFU Total microbial counts1

Aerobic bacteria 106 Spore-forming bacteria 104 Fungi 104

B M E B M E B M E
Trichoderma viride + Pomegranate peel 
extract (Tv + PP)

6.73 de 7.11 bcd 7.22 b 4.68 ab 4.95 a 5.08b 4.78bc 5.05ab 5.17 abc

Trichoderma virens + Pomegranate peel 
extract (Tvr + PP) 

7.11 a 7.28a 7.35a 4.99a 5.05a 5.25a 4.98 ab 5.00abc 5.19 ab 

Pomegranate peel + Sorghum (PP + S)  6.94 abcd 7.20 ab 7.30 ab 4.78 b 5.02a 5.18ab 4.86ab 5.04abc 5.20a
Trichoderma viride (Tv)  6.79 cde 6.95 d 7.12 c 4.79 ab 4.98a 5.14ab 5.01a 5.11a 5.22ab
Trichoderma virens (Tvr) 6.70 abc 7.10 bcd 7.21 b 4.84 ab 5.01a 5.18ab 4.95ab 5.05ab 5.19ab
Pomegranate peel (PP) 7.05 ab 7.13 abc 7.33 a 4.99 a 5.09 a 5.25a 4.97ab 5.01bc 5.12bc
Sorghum (S) 6.88c 7.07c 7.42c 4.96bc 5.25bc 5.48a 4.95bc 5.00bc 5.16cd
Untreated control 6.62 d 6.78 d 7.00 f 4.78 cd  5.00e 5.11c  4.59e  4.90c  5.04e

1Each value is average of 5 replicates. 2Means in each column, denoted by the same small letter are not significantly different according to 
Duncan`s multiple range test (P = 0.05). B = before sowing, M= at mid- growing season and E= at harvest time.
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Table 7: Frequency% of common fungi in potato at various sampling dates as influenced by Trichoderma viride and 
T. virens alone or combined with pomegranate extract and under field conditions.
Treatments Time Frequency % of common fungi

Aspergil-
lus spp.

Aspergil-
lus niger

Penicil-
lum spp.

Penicillum 
chrosoge-
num

Penicillum 
citrinum

Rhizopus 
nigricans

Fusarium 
spp.

Trichoder-
ma spp.

Rhizcto-
nia spp.

Oth-
ers

Trichoderma. viride 
+ Pomegranate peel 
extract (Tv+ PP)

B 13.6c 4.6e 18.2b 4.6e 4.6e 0.0f 9.1d 22.7a 9.1d 13.5c
M 12.5b 4.2d 12.5b 4.2d 4.2d 0.0e 8.3c 45.8a 4.2d 4.1d
E 13.8b 3.5d 10.3c 3.5d 3.5d 3.5d 10.3c 44.8a 3.5d 3.3d

Trichoderma virens 
+ Pomegranate peel 
extract (Tvr + PP)

B 19.1b 4.8e 14.3c 4.8e 0.0g 4.8e 14.3c 23.8a 9.5d 4.6f
M 15.4c 3.9e 19.2b 3.9e 0.0f 3.9e 7.7d 33.3a 3.9e 3.6f
E 12.1c 6.1e 15.2b 6.1e 3.0g 3.0f 9.1d 38.5a 6.1e 6.0e

Pomegranate peel 
+ Sorghum (PP + S)

B 14.3c 4.8e 19.1b 4.8e 0.0e 9.5d 14.3c 23.8a 4.8e 4.6f
M 15.8b 5.3d 21.1a 5.3d 0.0e 10.5c 15.8b 15.8b 0.0e 10.4c
E 13.6c 9.5d 19.1a 4.8e 4.8e 4.8e 14.3b 14.3b 4.8e 4.5f

Trichoderma viride 
(Tv)

B 16.7b 5.6d 22.2a 0.0e 0.0e 0.0e 16.7b 22.2a 11.1e 11.1c
M 13.8c 6.9e 17.2b 3.5f 0.0g 0.0g 6.9e 37.9a 3.5c 10.3d
E 12.5b 8.3c 16.7a 8.3c 4.2d 4.2d 12.5b 16.7a 4.2f 8.2c

Trichoderma, virens 
(Tvr)

B 16.7b 8.3c 16.7b 0.0d 0.0d 0.0d 16.7b 25.0a 8.3d 8.3c
M 16.7b 6.7d 10.0c 3.3e 0.0f 6.7d 6.7d 40.0a 3.3c 6.6d
E 16.7b 6.7d 13.3c 3.3e 3.3e 6.7d 6.7d 36.7a 3.3e 3.3e

Pomegranate peel 
extract (PP)

B 13.6b 9.1c 18.2a 0.0e 9.1c 4.5d 13.6b 13.6b 9.1e 9.2c
M 19.1a 9.5c 14.3b 9.5c 4.8d 4.8d 9.5c 14.3a 4.8c 9.4c
E 12.5b 8.3c 16.7a 8.3c 4.2d 8.3c 8.3c 16.7a 8.3d 8.4c

Sorghum(S) B 9.5c 4.8d 19.1b 4.8d 4.8d 9.5c 9.5c 23.8a 4.8c 9.4c
M 18.1b 4.6f 13.6c 4.6f 4.6f 9.1e 9.1e 22.7a 4.6d 9.9d
E 17.4b 4.4d 17.4b 8.7c 4.4d 8.7c 8.7c 21.7a 4.4f 4.2e

Untreated control B 14.3b 4.8e 19.1a 4.8d 4.8e 4.8e 14.3b 9.5c 14.3d 9.3d
M 11.1b 5.6c 11.1b 5.6f 5.6c 5.6c 22.2a 11.1b 11.1b 11.0b
E 13.0b 8.7c 17.4a 4.4d 4.4d 8.7c 17.4a 8.7c 8.7b 8.6c
Mean* 12.05 7.15 14.15 5.00 5.00 7.15 19.80 9.90 9.90 9.80

1Each value is average of 5 replicates. 2Means in each column, denoted by the same small letter are not significantly different according to 
Duncan`s multiple range test (P = 0.05). B = before sowing, M= at mid- growing season and E= at harvest time. Mean*= M+E/2

5.22 log10 CFU/10g soil with the tested treatments 
at mid-season and season-end, higher than 4.90-5.04 
CFU/10g soil in the untreated control, respectively. 
The maximum fungal count was shown with Tv 
(5.22), followed by PP+S (5.20), Tvr (5.19), Tvr+PP 
(5.19), Tv+PP (5.17), S(5.16) and PP(5.12), all were 
higher than untreated check (Table 6).

Impact on percentage of fungal frequency
Results indicated that Aspergillus spp., A. niger, 
Penicillium spp., P. chrosogenum, P. citrinium, 
Rhizopus nigricans, Fusarium spp., Trichoderma spp., 
and Rhizoctonia spp. were found to be the most 
frequently fungi in the rhizosphere of potato. Data 
of the frequency percentages of fungi were listed in 
Table 7. The treatments of PP, S, and PP + S could 

markedly recorded high % frequency of Aspergillus 
spp, at mid-season (19.1, 18.1 and 15.8, higher 
than their frequency before planting (13.6, 9.5, and 
14.3), respectively and untreated check (12.05). The 
treatment of Tv decreased Aspergillus spp. frequency 
% at the end- growing season (12%), being less than 
that before planting (16.7%) and untreated check 
(12.05%), but Tvr was not effective against the 
mentioned fungal species. The treatments of Tv or Tvr 
+ PP reduced the frequency % of these fungal species 
during growing season, especially at the season-
end relative to the corresponding frequency before 
planting. Results revealed that the treatments of Tvr, 
PP, and S reduced the frequency of Penicillium spp., 
especially at mid-season, being less than the control, 
however, these fungal species were reduced by Tv or 
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Tv + PP at season-end, being less than at mid- and 
before planting season. The treatments of Tvr + PP 
(19.2%) and PP + S (21.1%) highly increased the 
frequency of Penicillum spp., especially at mid-season. 
The treatments of Tv + PP (45.8%), Tvr (40.0%) and 
Tv (37.9%), boosted the frequency % of Trichoderma 
spp., especially at mid-season, compared to the two 
other dates, being higher than check. The treatments 
of PP highly enhanced the frequency % of these fungi 
at the end- season relative to both those at mid-season 
and before planting, as they were higher than the check. 
On the other hand, the treatments of PP + S and S 
reduced that fungal frequency % during the growing 
season compared to the check. Most of the tested 
treatments remarkably decreased the frequency% of 
Fusarium spp. during the growing season, especially 
at mid-season relative to other dates. However, PP+S 
recorded high frequency% (15.8%) at mid-season, 
but was less than the check. Likewise, most of the 
tested treatments minimized the frequency percent of 
Rhizoctonia spp. at mid-season compared to the check 
(Table 7). 

The present investigation indicated that that each of 
Tv, Tvr, and pomegranate peel extract as individual 
or combined treatments suppressed M. incognita 
population parameters as well as boosted the growth 
and yield of potato. The reduction in nematode 
numbers may be due to that the tested fungi can 
directly parasitize on M. incognita population and 
secrete protease and chitinase enzymes that can 
inhibit egg hatching as reviewed by Abd-Elgawad 
and Askary (2018). Also, the present results were 
similar to those recorded by Olabiyi and Gbadamosi 
(2013), as T. harzianum was combined with 
composted soil amendments, T. virens mixed with 
plant debris (Moradi et al., 2015), and T. harzianum 
was combined with decomposed neem (Khan et 
al., 2012). On the basis of the mean percentages of 
reductions in soil concerning M. incognita population 
the combined treatment of each tested fungal 
species + pomegranate extract showed less nematode 
reduction at harvest stage than that achieved by each 
sole fungal treatment. This may refer to a possible 
antagonistic effect that occurred, when each fungal 
species was combined with pomegranate peel extract. 
Such a difference in reductions of M. incognita 
population densities was reflected on percentages of 
branches and tuber weight; both had more increase 
in single treatments than in their combined ones. 
The effect of pomegranate extract alone in reducing 

RKN population was documented by several workers 
(Korayem et al., 1993; Youssef et al., 2014; El-Nagdi 
and Youssef, 2015) which corroborated that reported 
herein. Nevertheless, similar antagonism induced by 
PP was also shown by Dahham et al. (2010). They 
reported Bacillus coagulans, B. cereus, B. subtilis, and 
Staphylococcus aureus as the most biocontrol agents 
were adversely affected by using pomegranate extract. 
Prashanth et al. (2001) proved that certain bacteria 
were negatively affected by using pomegranate fruit 
rind extract too. In accordance to the previous study, 
co-toxicity% for the applied bioagents +PP extract 
on M. incognita at harvest stage in the present study 
recorded antagonistic effect on potato. Similar 
interpretation was also reported by Regaieg et al. 
(2017) on tomato and by El-Nagdi et al. (2023) on 
potatoes. Thus, higher increases of branches and tuber 
weights by single fungal treatments than those by 
their combination with PP may refer to that nutrient 
absorption was faster via potato roots in the former 
than the latter case as reported by El-Nagdi et al. 
(2023).

As for biochemical changes, the compounds 
measured herein increased in the tubers at the 
different treatments relative to the check, enriching 
the nutritional tuber value. Chlorophyll (a + b) and 
carotenoid contents in the fresh leaves were elevated 
by most treatments; similar to other results on some 
antagonistic bacteria (Akhtar et al., 2012; Abd-El-
Khair et al., 2019; El-Nagdi et al., 2019a). Some 
phenolic substances were involved to cause resistance 
against PPNs (Bajaj and Mahajan, 1977; Giebel, 
1982) and have been correlated with levels of phenol 
in certain plant roots (Narayana and Reddy, 1980).

Likewise, all treatments increased the diversity and 
community composition of some monitored microbes. 
The antagonistic fungi, Aspergillus spp., Penicillium 
spp., and Trichoderma spp. were differently increased 
in rhizosphere of the growing potato. These results 
agreed with those obtained by El-Nagdi et al. (2023) 
on potatoes infested by M. incognita and treated by 
two bacterial species. Sikandar et al. (2020) mentioned 
that P. chrysogenum (Snef1216) caused inhibition of the 
egg hatching and increased mortality of M. incognita, 
relying on increasing the concentration and exposure 
time to the fungus filtrate; as a novel nematicidal agent 
against the root-knot nematode. Korayem et al. (2019) 
stated that Aspergillus spp., A. niger, Fusarium spp., 
Penicillium spp., and Trichoderma spp. were common 
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fungi in the rhizosphere of wheat crop grown in 
different governorates of Egypt. In another study, 
T. hamatum and T. album significantly reduced the 
occurrence of the plant pathogens, Rhizoctonia solani 
and F. solani and these treatments increased the 
frequency of Aspergillus spp. than A. niger, Penicillium 
spp., and Trichoderma spp. compared to the controls. 
(Abd-El-Khair and El-Nagdi, 2014). Eventually, two 
of the most serious potato diseases in Egypt, root-
knot and potato brown rot could be controlled by 
several bacterial bio-control agents (BCAs) (Kabeil 
et al., 2016). Various factors such as soil depth, 
organic matter, porosity, oxygen and carbon dioxide 
concentrations and soil pH can influence the diversity 
and population levels of such BCAs in soil horizons 
(Bhattarai et al., 2015).

Conclusions and Recommendations

It could be concluded from the present study that 
Trichoderma viride or T. virens as single treatments 
inhibited M. incognita development and reproduction 
on potato and increased potato growth and yield 
parameters. Each fungal species achieved higher 
increases of these parameters than those obtained 
by combining a fungal species with PP. This study 
revealed that the total counts of aerobic bacteria, 
spore-forming bacteria, and fungi existing in potato 
rhizosphere increased with different treatments used 
herein. The antagonistic faunas as Aspergillus spp., 
Penicillium spp. and Trichoderma spp. may serve as 
bioagents against parasitic nematodes and other plant 
pathogens leading to their inhibition on potato plants.
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