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ABSTRACT 

Silver nanoparticles (Ag NPs) have received increasing attention as active and inexpensive 
antipathogenic agents for various agricultural applications. Herein, the antifungal activity of Ag 
nanoparticles toward the efficient control of the soil-borne fungal diseases of Conocarpus transplants is 
investigated and compared with the chemical fungicide, Carbendazim. Root rot, basal stem rot and wilt 
diseases of Conocarpus were surveyed in selected locations for two years at two governorates and 
isolation trials were made for the diseased plant samples. The efficacy of Ag NPs at different 
concentrations ranged from 0.025 to 0.15 mmol L-1 treatments on seed germination was studied. 
Similarly, the Ag NPs demonstrated relatively higher percentages of Conocarpus seed germination at 
0.10 mmolL-1. The treatment of Ag NPs using the tested concentrations ranged from 0.025 to 0.15 mmol 
L-1 resulted in significant decrease to the mycelial growth (75. 6 – 98.1 %) of the fungal species isolated 
from the infected Conocarpus transplants. 
          The results of the greenhouse experiments demonstrated that the fungicidal treatment using 
Carbendazim at the rate of 2 g/L water possessed higher antifungal activity more than that of Ag NPs 
treatment at the rate of 0.15mmol L-1. Carbendazim recorded the highest mean survival (83.33%), while 
the antifungal effects of Ag NPs as soil treatment resulted in the mean survival of 76.67 %   toward all 
investigated fungi compared with the control mean survival (25.0 %). Also, the effect of the tested 
treatments on the enzyme activities peroxidase and polyphenol  oxidase were estimated in root plants  
infested with both of the most aggressive pathogenic fungi; i.e.  Pythium splendens and Rhizoctonia 
solani. 
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Introduction 

Conocarpus trees are evergreen ornamental trees belonging to Combretaceae family. The family 
comprise about 18 genius and more than 500 species. Conocarpus trees are considered amongst the 
important ornamental trees which are primarily grown for ornament, shade and recreation. They can 
also be cultivated in desert because of their tolerance to environmental conditions of high temperature 
and salinity (Tattar, 1978). Conocarpus trees gain their importance not only as ornamental trees in 
streets, ways or public garden but also for their capability to help remove pollutants from air 
(Blessington and Collins, 1993). Conocarpus trees are subjected to infection by some plant diseases 
caused by several fungal pathogens, which can lead to great losses worldwide (Butin et al., 1995 and 
Manion, 1981). Root rot and wilt are disease examples that can regularly produce losses of 15% or more 
(Manion, 1981). Root rot and wilt diseases in tree seedlings including ornamentals can be caused by 
several fungal pathogens including Fusarium spp., Macrophomina phaseolina, Pythium spp. and 
Rhizoctonia solani as reported in several studies around the world (Butin et al., 1995; Alfieri, 1984 and 
Farr et al., 1989). 

Thus, the search for a management method to control Conocarpus diseases and reduce the great 
losses in production is still a challenge. Silver nanoparticles (Ag NPs) have been shown to exert 
fungicidal and antimicrobial activity for various biomedical applications, making them potential 
alternatives for the chemical pesticides, which normally raise toxicity issues  (Jo et al., 2009; Percival 
et al. ,2005 ; Olchowik et al., 2017; Parveen and Rao, 2015 ; Wang et al. ,2011 and  Elgorban et al., 
2016).  Ag NPs can effect on the growth of the fungal pathogen known as Aspergillus flavus, where 
isolates growth was inhibited to great extent induced decreasing of the aflatoxin B1 (Al-Othman et al., 
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2014; Russell and Hugo, 1994 and Mcguigan, 2006) Herein, we have investigated the antifungal activity 
of Ag NPs for efficient control of the soil-borne fungal diseases affecting Conocarpus transplants as 
compared to the chemical fungicide, Carbendazim, under greenhouse conditions. The effects of the Ag 
NPs treatment on the Conocarpus seed germination and viability are also studied. 
 
Materials and Methods 
 
Disease Survey and Assessments 

The percentages of the natural infection Conocarpus plants showing symptoms of root rot and/or 
wilt diseases were recorded during two successive seasons (2015 & 2016). The data were collected 
from two different governorates in many nurseries of Egypt, namely Giza and Qalubyia, to calculate 
the mean percentages of the disease incidence. 
 
Isolation and Identification of the Disease-Causing Pathogens 

Conocarpus plants showing wilt, root and stem rot diseases were collected from plantations of Giza 
and Qalubyia governorates in Egypt during 2015 & 2016 seasons. The affected plants were collected, 
washed several times with tap water, and then cut into small pieces. The cut pieces were surface 
sterilized by immersing in 5 % sodium hypochlorite for 3 minutes. Then the cut pieces were then 
multiply washed with sterile water and finally were planted onto PDA medium. The Petri dishes were 
incubated at 26±2 oC for 7 days. The growing fungi were purified using single spore or hyphal tip 
techniques. Microscopic examination was performed to identify the isolated fungi depending on their 
morphological features and the description of (Booth, 1971; Barnett and Hunter, 1972 and Domsch et 
al., 1993). Further confirmation for the identification was kindly provided by experts from the Dept. 
Mycol. & Pl. Pathol. Dis. Surv., Pl. Pathol. Res. Inst., ARC, Giza, Egypt. The frequency (%) of each 
isolated fungus was calculated according to method reported earlier (Sinclair and Dhingra, 1995). 
 
Laboratory Experiments 
 
Chemicals and Reagents 

Chemicals of analytical grade were purchased from local suppliers in Egypt and were used without 
further treatment, including silver nitrate (AgNO3, Fluka), trisodium citrate (C6H5 Na3O7.2H2O, Fluka) 
and Carbendazim 50 % WP (Methyl 2- Benzimidazole -Carbamate). Water used in the preparations of 
the aqueous solutions and other treatments was highly pure deionized water and was deoxygenated by 
bubbling nitrogen gas for 30 min prior to use. Other liquid reagents were degassed for 2 h prior to 
performing out the experiments. All glasswars were rinsed with deionized water before each use. 
 
Synthesis of Silver Nanoparticles (Ag NPs) 

Ag nanoparticles (0.025, 0.05, 0.1 and 0.15 mmol L-1) were obtained from Nat. Inst. of laser Enhan. 
Sci. (NILES), Cairo Univ. Egypt. In brief, the Ag nanoparticles were synthesized by the citrate-
reduction method in an aqueous solution. In a typical experiment, a 0.63 mmol of silver nitrate (AgNO3) 
was dissolved in 100 ml of double-distilled water by sonication and the solution was heated to 90 oC 
under continuous mechanical stirring at 2000 rpm for 15 min. Then, 5 ml of 0.178 mmol L-1 solution of 
tri-sodium citrate dehydrate (C6H5 Na3O7.2H2O) was added under various stirring. The mole ratio of 
the silver nitrate solution to the sodium citrate solution was 1:1.4. The reaction mixture was kept under 
heating and stirring for 15 min until the color changed from colorless to yellow color indicating the 
formation of Ag nanoparticles sol. Upon completion, the Ag nanoparticles sol was stirred for 
additional15 min without heating and finally the sol was diluted to 125 ml with double-distilled water. 
The final Ag concentration of Ag sol was 5 mmolL-1. 
 
Characterization of Ag NPs 

The optical and morphological chrematistics of the prepared Ag nanoparticles were studied using 
the standard physical techniques including the UV-visible absorption spectrophotometry and 
transmission electron microscopy. UV-visible absorption spectra of the optically-thin diluted solutions 
were measured using Perkin Elmer Lambda 40 double-beam spectrophotometer equipped with quartz 
cuvettes of 1 cm path length. Transmission electron microscopy (TEM) images were acquired using 
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Hitachi HU-11B transmission electron microscope operating at 80 kV voltage. A diluted sample of Ag 
nanoparticles aqueous dispersion was drop-cast onto a Formvar carbon-coated copper grid and the grid 
was air-dried at ambient temperature. 
 
Seed Germination Experiment 

For seed germination experiments, the seeds of the Conocarpus tree (from Orman Garden, Giza) 
were immersed in (5%) sodium hypochlorite solution for 3 min. The seeds were then rinsed several 
times with sterilized distilled water and finally dried between folds of sterilized filter papers (Whatman 
No.1). Twenty seeds/per dish were transferred onto three sterilized filter papers in ten Petri-dishes (12- 
cm - diam.). Each plate was supplied with 10 ml of Ag NPs of different concentrations (0.025 mmol L-

1, 0.05 mmol L-1, 0.1 mmol L-1 and 0.15 mmol L-1). For the control treatment, the plates were provided 
with the same volumes of distilled water only. Finally, the plates were covered and allowed seed 
germination on a lab bench at room temperature at 25 ±3˚C. Seed germination (%) was recorded 7 &14 
days after incubation compared with the control treatment and represented as follows: 

% Seed  germination = No. of Germinated Seeds / total No. of the used seeds x 100 
 
Antifungal Activity of Ag NPs;  

The antifungal activity of the prepared Ag NPs toward the linear growth of F. oxysporum, R. solani, 
M. phaseolina, P. splendens and S. rolfsii (isolated from infected Conocarpus plants) was tested on 
PDA medium using four different concentrations of Ag NPs. Predetermined volumes of the as-prepared 
5 mmol L-1 Ag sol were mixed with double-distilled water to make four different dilutions of the as-
prepared Ag sol with final volume of 100 ml. The four different concentrations used of Ag NPs sol used 
for studying the antifungal activity were 0.025, 0.05, 0.1 and 0.15 mmol L-1. The colloidal of Ag NPs 
designated was mixed with the sterilized PDA medium and corporated in sterilized Petri dishes prior to 
solidification. For control experiment, PDA medium without Ag NPs was used (untreated plates). All 
test Petri dishes were inoculated at the center with fungal discs (5 mm), which were previously cut from 
(7-days-old) culture of any of the tested fungi and then incubated at 26 ±2 oC. The linear growth of each 
tested fungus was determined when each plate of the control trial was filled with the mycelial growth. 
The decrease in the mycelial growth was measured and expressed in mm. 
 
Greenhouse Experiments 

Greenhouse experiments were carried out in the greenhouse of Ornamental, Medicinal and 
Aromatic Plant Dis. Res. Dept., Plant Pathol. Res. Inst., Agric. Res. Center at Orman Garden, Giza, 
Egypt. 
 
Pathogenicity Test  

Sterilized plastic pots (15- cm - diam.) filled with formalin – sterilized mixed soil (clay& washed 
sand; 1:1, v/v) were used throughout this study. Inoculate of the isolated, purified and identified fungi 
were prepared by growing each fungus in 500 ml glass bottles containing corn-meal +sand sterilized 
medium (100 g corn-meal, 50 g washed sand and 100 ml water). The bottles were incubated at 26 ± oC 
(except  of S. sclerotiorum was incubated at 18 ±2 oC ) for 15 days. Soil infestation was achieved by 
mixing the inoculum of each test fungus with the upper-layer of the soil at the rate of 2 % of soil weight, 
7 days before planting the transplants (Sinclair and Dhingra, 1995) . Control treatment was prepared 
using the same amount of the sterile corn-meal & sand medium. Four healthy looking transplants (30-
days-old) of Conocarpus were planted in each pot and three replicates were used for each treatment. 
Percentages of diseases incidence were assessed 30 and 60 days after transplanting and survived plants 
were recorded 60 days after  transplanting. 
 
Evaluation of the Antifungal Activity of Ag NPs and the fungicide Carbendazim 

Plastic pots (15- cm- diam.) were packed with formalin-sterilized clay & washed sand (1:1, v/v). 
The pots were then infested with designated fungus at the rate of 2 % (w/w), 7 days before planting. To 
evaluate the efficacy of the Ag NPs (0.15mmol L-1) treatment on the diseases incidence, compared with 
the fungicide Carbendazim 50% WP. For each treatment in both cases, a set of 3 infested pots, each 
planted with four transplants (30-days-old) was adopted. All the treatments were used as soil drench 
just after planting in pots containing infested soil. Also, untreated transplants (in infested soil with any 
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of the fungi tested) were used as control. Efficacy of the evaluated treatments on % infection 30 & 60 
days after transplanting as well as survived plants after 60 days were recorded. 
 
 Biochemical Changes associated with the infection of Conocarpus plants by two tested fungi 
and treated with Ag NPs and Carbendazim. 

Estimation of peroxidase activity (Pox) was performed in accordance with methods reported by 
(Allum and Hollis, 1972 and Tuzun, 1989) and polyphenol oxidase (Ppo) as described by (Maxwell and 
Bateman, 1967). Both were investigated as criteria of biochemical changes in Conocarpus transplants 
due to infection by P. splendens  and R. solani ( the most aggressive fungi in the pathogenicity test) 
.Samples of the transplants (60-days-old after transplanting) were collected from the previous 
experiment which represent all treatments tested and those of control ones (infested and non-infested 
soil). These experiments were carried out at Central Laboratory of Biotechnol. (Plant Pathol. Res. Inst. 
ARC, and Giza, Egypt). 
 
 Statistical Analysis 

The layout of the carried out experiments was designed as factorial experiment in a complete 
randomized design with three replicates (Snedecor and Cochran, 1989). This statistical analysis was 
done by using the computer program MS-TATEC software version (4) using the L.S.D. test at 5%. 
 
Results 
 
Disease Survey and Assessment 

A survey of the natural infection by Conocarpus ornamental plants was carried out for some chosen 
nurseries of Giza and Qalubyia governorates in Egypt, Giza and Qalubyia, during 2015 & 2016 seasons. 
The percentages of the natural-infection were recorded and the obtained data are represented in Table 
(1) . The results indicated that Conocarpus plants grown in Qalubyia governorate showed the highest 
infection percentages, being  23.7  and 18.6 % during 2015 and 2016 seasons, respectively. On the other 
hand, the plants of Conocarpus in nurseries of Giza recorded the lowest infection percentages, being 
17.4  and 14.7 % during the same seasons, respectively. Similarly, the infection plants grown in 
Qalubyia governorate recorded the highest mean percentage of infection (21.2 %) in the two seasons. 
 
Table 1. Percentages of the naturally infection of Conocarpus plants in the surveyed nurseries of two 

governorates in Egypt during 2015 & 2016 seasons. 

Governorate 
Incidences  (%) of infected plants Mean 

2015 2016  

Giza 17.4 14.7 16.1 

Qalubyia 23.7 18.6 21.2 

Mean 20.6 16.7 18.7 
 
Isolation, Purification and Identification of the Diseases-Causing Pathogens 

Table (2), summarizes the frequency percentages of the fungi isolated from infected Conocarpus 
plants under study. A total of 11 genera of fungi, including 7 genera identified to their species, were 
isolated from the damaged seedlings of Conocarpus ornamental plants under investigation. Overall, 
Fusarium oxysporum was the most frequently isolated from infected plants with frequency percentage 
of 17.5 % .The moderately isolated fungi in order of the frequency percentage were Rhizoctonia solani 
(11.8 %), Sclerotium rolfsii (11.2 %), Macrophomina phaseolina (10.5 %), Pythium splendens (10.3 
%), Fusarium solani (9.7%) , Sclerotinia sclerotiorum(6.7%),  Alternaria sp. and Botryodiplodia sp. ( 
5 & 5%) ,  Penicillium  sp. (4.7%) ,Trichoderma sp. (4.2 %) and Aspergillus niger (3.5%) were as the 
lowest frequency. 
Laboratory Experiments 
 
Optical and Morphological Characteristics of Ag NPs 

Fig.( 1 ), shows the UV–Visible absorption spectrum and the TEM image of Ag NPs prepared by 
metal salt reduction using silver nitrate metal precursor and citrate salt as a reducing and capping agent. 
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The absorption spectrum of Ag NPs sol shown in Fig. (1-a), is featured with a pronounced 
absorption peak at 403 nm with a FWHM of about 90 nm characteristic to plasm on absorption of 
nanosized Ag particles. The nanoscale size of the as-prepared Ag particles was further confirmed with 
the TEM imaging. The representative TEM image shown in Fig. (1-b), reveals spherical shaped-
particles with an average size of 20-25 nm in diameter. 
 
Table 2. Frequency percentages of fungi isolated from Conocarpus plants showing root rot, basal stem 

rot and wilt symptoms, in two governorates in Egypt during 2015 &2016 

   Isolated fungi 
No. of 
isolate 

Giza 

Frequency 
(%)* 

No. of 
isolate 

Qalubyia 

Frequency 
(%)* 

Mean 

Alternaria sp. 18 6.0 12 4.0 5.0 

Aspergillus niger 13 4.3 8 2.7 3.5 

Botryodiplodia sp. 14 4.7 16 5.3 5.0 

Fusarium oxysporum 56 18.7 49 16.3 17.5 

Fusarium solani 30 10.0 28 9.3 9.7 

Macrophomina phaseolina 28 9.3 35 11.7 10.5 

Penicillium sp. 12 4.0 16 5.3 4.7 

Pythium splendens 28 9.3 34 11.3 10.3 

Rhizoctonia solani 34 11.3 37 12.3 11.8 

Sclerotinia sclerotiorum 22 7.3 18 6.0 6.7 

Sclerotium rolfsii 31 10.3 36 12.0 11.2 

Trichoderma sp. 14 4.7 11 3.7 4.2 

Total No. 300 100 300 100 -  
*Frequency (%) = (Number of isolates of each fungi / Total number of isolates of all fungi) x100. 

 

 
Fig. 1 (a): UV-visible absorption spectrum and (b) TEM image of Ag nanoparticles prepared by the 

metal salt reduction method at 90 oC using AgNO3 and C6H5 Na3O7.2H2O as precursors. 
 

Effect of Ag NPs on Seed Germination (%) 
Table (3), summarizes the effect of the Ag NPs treatment of different concentrations on the 

germination percentages of Conocarpus seeds. The treatment with Ag NPs by different concentrations 
resulted in increasing the percentages of seed germination during the two periods of test (7 & 14) days 
relative to the control treatment. The inter-comparison of the effect of the different Ag NPs 
concentrations indicated that the promoting effect of different Ag NPs sol treatment on increasing the 
seed germination remarkably compared with the control (not treated with Ag NPs). The Ag NPs sol of 
the concentration 0.1 mmol L-1 increased seed germination percentages by highest values, being 30 & 
78 % during the two test periods, respectively. The two Ag NPs sol with concentrations of 0.05 and 
0.15 mmol L-1 possessed slightly undifferentiated seed germination percentages. The Ag NPs sol with 
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concentration 0.15 mmol L-1 showed lower seed germination percentages being 25.0 and 71.0% 
compared to the 0.1mmol L-1 

Ag NPs sol. The intermediate concentration of 0.05 mmol L-1 Ag NPs resulted in seed 
germination percentages of 22 .0 and 69.0 % after 7 and 14 days, respectively. On the other hand, the 
Ag NPs sol of the lowest concentration 0.025 mmol L-1  increased seed germination percentage ,being 
6.0  and 36.0 % relative to the control after 7 and 14 days, respectively. 
 
Table 3: Effect of different concentrations of Ag nanoparticles on the germination percentage of 

Conocarpus seeds 

Ag NPs Conc. (mmol L-1) 
Seed Germination (%)*after (days) 

Mean 
7 14 

0.0 (Control, water only) 0.0 27 13.5 

0.025 6 36 21.0 

0.05 22 69 45.5 

0.1 30 78 54.0 

0.15 25 71 48.0 

Mean 16.6 56.2 36.4 
*Germination (%) = (Number of germinated seeds / total number of seeds) x 100. 
The number of total seeds was 200. 
L.S.D. at 5% for: Conc. (C) =0.9, Period (P) =0.6 and CX P = 1.3 
 

Effect of Ag NPs on the linear growth of the tested pathogenic fungi 
Table (4), shows the effect of Ag NPs of different concentrations on the linear growth diameter 

of 5 different pathogenic fungi affecting Conocarpus plants. The treatment with the different 
concentrations of Ag NPs sol resulted in significant decrease in the mycelial growth of the pathogenic 
fungi. The Ag NPs sol of 0.15 mmol L-1 demonstrated the most antifungal activity against all the tested 
pathogenic fungi. The treatment with 0.15 mmol L-1 Ag NPs sol was associated with the highest 
reduction in the mycelial growth ( 97.9 %) followed by Ag NPs sol of 0.1, 0.05 , and 0.025 mmol L-1 , 
which showed reduction  in the mycelial growth by (93.7, 88.9 and 75. 6 %), respectively. The reduction 
(%) in the linear growth of the soilborne pathogenic fungi to Conocarpus upon medium treated with Ag 
NPs sol of 4 different concentrations shows their efficacy to control pathogenic fungi relative to the 
control without Ag NPs treatment. The response of the investigated pathogenic fungi to the Ag NPs sol 
treatment was varied from each other. The Ag NPs demonstrated the highest antifungal activity toward 
the pathogenic fungus M. phaseolina which exhibited the highest decrease (74.6 %) in the linear fungal 
growth and slightly of low activity toward the P. splendens, which exhibited relatively lower decrease 
of (66.3 %) in the linear fungal growth. Digital photographs showed the effect of the different 
concentrations of the Ag NPs (0.05, 0.1 and 0.15 mmol L-1) on the linear growth of 2 fungi namely, M. 
phaseolina (a) and P. splendens (b) compared to the control (Fig.2) were grown on PDA medium at 
26±2 oC. The Ag NPs induced malformation to the hyphae of both M.phaseolina (a) and P.splendens  
(b) compared to the control of both fungi (c)  Fig. 3(a,b &c).  
 

Table 4: Effect of different concentrations of Ag NPs (mmol L-1 ) on  linear growth of five pathogenic 
fungi to  Conocarpus plants after incubation  

Fungi 
Linear growth 

(mm) 
Reduction (%) 

relative to the control 
Control 0.025 0.05 0.1 0.15 Mean Control 0.025 0.05 0.1 0.15 Mean 

F. oxysporum 90 20.0 13.3 3.3 1.7 25.7 0.0 77.8 85.2 96.3 98.1 71.5 
M. phaseolina 90 15.0 5.0 3.3 1.0 22.9 0.0 83.3 94.4 96.3 98.9 74.6 
P. splendens 90 40.0 13.3 6.7 1.7 30.3 0.0 55.6 85.2 92.6 98.1 66.3 
R. solani 90 18.3 8.3 8.3 3.3 25.6 0.0 79.7 90.8 90.8 96.3 71.5 
S. rolfsii 90 16.7 10.0 6.7 1.7 25.0 0.0 81.4 88.9 92.6 98.1 72.2 
Mean 90 22.0 10.0 5.7 1.7 25.9 0.0 75.6 88.9 93.7 97.9 71.2 

*Reduction (%) = (Control – Treatment) / Control) x100. 
L.S.D. at 5% for: Conc.(C) =1.9 , Fungi (F)=1.6 and CX F = 3.6 
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Fig. 2. Digital photographs showing the effect of the different concentration of the Ag NPs (0.05, 0.1 

and 0.15 mmol L-1) on the linear growth of 2 different pathogenic fungi affecting Conocarpus 
compared to control (first column). The 2 test fungi, namely, (a) M. phaseolina and (b) 
P.splendens were grown on PDA medium.  

 

 
Fig. 3: Digital images showing the Ag NPs induced malformation to  hyphae, bulge in the fungus 

mycelium, granulation in the cytoplasm and non-pigmented (hyaline) of (a) M. phaseolina, (b) 
P. splendens and (c) control of both fungi . 

 
Greenhouse Experiments 
 
Pathogenicity Tests 

The fungi isolated from the infected of Conocarpus plants were separately used in soil infestation 
to evaluate their pathogenic effects and the same transplants were planted in the infested soil under 
greenhouse conditions. The percentages of disease incidence after 30 and 60 days as well as the survived 
transplants after 60 days after planting were recorded as criteria of the disease incidence. The results 
obtained from pathogenicity tests are summarized in Table (5). Each of the tested fungi significantly 
increased the percentages of the disease incidence 30 and after 60 days after transplanting in the range 
of 8.33 - 33.33 % and 8.33 – 66.67 %, respectively. The fungi also decreased the percentages of the 
survived plants in the range of 33.34 - 91.67 % compared to the control.  (Fig. 4) shows representative 
digital images for the effect of two fungi namely, P. splendens (b) and R. solani (c), on the grown plants 
compared to healthy ones(a). 
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Data in Table (5), indicated that P. splendens was the most virulent after 30 days (33.33 %) 
followed by M. phaseolina, R. solani  and S. rolfsii (25.0 %). However, after 60 days the most virulent 
fungi were R. solani  and P. splendens (66.67%) followed by M. phaseolina, and F. oxysporum (58.33 
%) which possessed equal percentages. The survival percentages results indicated that  P. splendens 
and R. solani were the most harmful as they caused the highest significant decreases in  the survivals 
(33.34 %) followed by F. oxysporum and M. phaseolina (41.67%). Alternaria sp and F. solani were  
the lowest virulent  ones as they induced the lowest diseases incidence after 30 days (8.33%) and 
Alternaria sp caused the lowest decrease in  the survival (91.67 %), compared with the other tested 
fungi . 

  

 
Fig. 4: Images showing differences between (a) healthy plants of Conocarpus, (b) plants (60-days-old 

from transplanting) grown in soil infested with P. splendens and (c) infected with R. solani. 

 
Table 5: Pathogenicity test of eight fungi on Conocarpus at two ages. 

Test Fungi 
% Disease incidence after 

(days) 
% Disease incidence after 

(days) 
Survival (%) 

 30 60  

Alternaria sp. 8.33 8.33 91.67 

F. oxysporum 16.67 58.33 41.66 

F. solani 8.33 33.33 66.67 

M. phaseolina 25.00 58.33 41.67 

P. splendens 33.33 66.67 33.34 

R. solani 25.00 66.67 33.34 

S. sclerotiorum 16.67 41.67 58.33 

S. rolfsii 25.00 50.00 50.00 

Control 0.00 0.00 100 

L.S.D. at 5% 2.85 4.66 - 

Diseases Control 
Table (6) and Fig. (5), reveal that soil treatment with any of Ag NPs and the fungicide 

Carbendazim minimized the mean percentages of the disease incidence after 30 & 60 days for all fungi 
used. They also led to significant increase in the % survived plants compared to the control.  
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Fig. 5: Images showing (a) Control of transplants infected by P.splendens grown without any treatment, 
(b) transplants treated with Ag NPs and (c)  fungicide, Carbendazim . 

 
Table 6: Effect of different chemical treatments on the incidence and survival plants of Conocarpus 

caused by the five tested fungi, 30 and 60 days after transplanting. 

Treatments 
F. 

oxysporum 
M. 

phaseolina 
P. 

splendens 
R. 

solani 
S. 

Rolfsii  
Mean 

Diseases incidence  after 30 days 

Control 33.33 33.33 50.0 33.33 41.67 38.33 

Ag NPs 8.33 16.67 8.33 8.33 16.67 11.67 

Carbendazim 8.33 8.33 16.67 16.67 8.33 11.67 

Mean 16.63 19.43 25.00 19.44 22.23 20.55 
Diseases incidence  after 60 days 

Control 75.00 75.00 83.33 75.00 66.67 75.00 

Ag NPs 16.67 25.00 25.00 25.00 25.00 23.34 

Carbendazim 16.67 16.67 16.67 16.67 16.67 16.67 

Mean 36.13 38.90 41.67 38.90 36.13 38.34 

  % Survival after 60 days   

Control 25.00 25.00 16.67 25.00 33.33 25.00 

Ag NPs 83.33 75.00 75.00 75.00 75.00 76.67 

Carbendazim 83.33 83.33 83.33 83.33 83.33 83.33 

Mean 63.89 61.11 58.33 61.11 63.89 61.67 

L.S.D. at 5%       

 30 Days 60 Days 

Fungi (F) 3.61 2.95 

Treatment (T) 2.33 1.83 

F x T 6.74 4.26 

 
The fungicide Carbendazim showed the lowest percentage of disease incidence and the highest 
percentage of survived plants. Disease incidence was reduced upon treatment with any of Ag NPs and 
Carbendazim to 11.67& 11.67 % and 23.34  & 16.67 % 30 and 60 days after transplanting , respectively. 
Moreover, Ag NPs and Carbendazim showed the highest survived of plants, being 76.67 & 83.33 %, 
respectively. F.oxysporum was the most affected fungus by the two soil treatments (Ag NPs and 
Carbendazim) amongst the other fungi, which resulted in the lowest mean percentages of disease 
incidence after 30 day (16.63 %). Additionally, the highest survived plants percentage, being 63.89 % 
were observed for both F. oxysporum and S. rolfsii  and the lowest survived plants percentage ,being 
58.33% was observed for P. splendens. In conclusion, Carbendazim recorded the lowest percentages of 
disease incidence (11.67 &16.67%) 30 and 60 days after transplanting as well as the highest survival 
(83.33%). In addition, the antifungal effect of Ag NPs treatment resulted in the lowest percentage of 
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disease incidence after 30 and 60 days after transplanting ( 11.67&23.34%), respectively and the second 
of the  survived plants being 76.67%. 
 
Biochemical Changes associated with the infection of Conocarpus plants by two tested fungi and 
treated with Ag NPs and Carbendazim; 

Table (7), compared the effect of the soil treatment with Ag NPs and Carbendazim on peroxidase 
(Pox) activity (ΔA470/g/min.) as well as polyphenol oxidase (Ppo) determined in Conocarpus plants 
(60-days-old after transplanting) grown in soil infested with two fungi ,i.e. P. splendens and R. solani 
under greenhouse conditions. The data demonstrated that relationship between Conocarpus root rot & 
wilt diseases caused by P. splendens and R. solani and polyphenol oxidase (Ppo, mg/g) fresh roots and 
peroxidase activity (∆A470/g/min.) in the plants. There was an increase in the activity of polyphenol 
oxidase up to 0.097 and 0.089 mg/g of plants root grown in soils infested with P. splendens and R. 
solani respectively, compared to 0.081 mg/g only in case of those from control treatment (without 
treatment and non-infested soil). Moreover, peroxidase activity was higher in plant roots infected by P. 
splendens and R. solani, being 0.199 ∆A470/g/min. and 0.193 ∆A470/g/min., respectively, compared 
to 0.191 ∆A470/g/min. of that of the control treatment (without treatment and non-infested soil).Soil 
infested with P. splendens and treated with Ag NPs sol possessed the highest increase in Pox activity 
(105.53 ∆A470/g/min.) followed by that of soil infested with R. solani and treated with Ag NPs sol 
(91.19 ∆A470/g/min.). Regarding the Ppo activity for the Ag NPs-treated soil, the soil infested with R. 
solani showed higher value of (46.07 mg/g) compared to that of 44.33 mg/g for soil infested with P. 
splendens. On the other hand, the fungicide Carbendazim was less effective compared to the Ag NPs 
sol in this regard. Generally, a positive correlation between the efficacy of the Ag NPs and Carbendazim 
soil treatment was observed in controlling root rot and wilt, which was accompanied with decrease in 
total disease incidence (%) and increase of peroxidase activity and polyphenol oxidase (%). 
 
Table 7: Effects of soil treatment with Ag NPs and Carbendazim on the activity peroxidase (Pox) 

(∆A470/g/min.) and polyphenol oxidase (Ppo) mg/g in Conocarpus plant roots (60-days-old 
after transplanting) grown in soil infested with two fungi.  

Soil type 
Fungal 

pathogen 
Treatments 

Disease 

incidence 

(%)* 

Peroxidase 

activity 

(Pox)** 

Polyphenol 

Oxidase activity 

(Ppo)** 

Pox Increase Ppo Increase 

Non-infested Non 

Control 

)without 

treatment) 

0.0 0.191 - 0.081 - 

Soil infested 

with - 

P. 

splendens 

Control 83.33 0.199 - 0.097 - 

Ag NPs (0.15 

mmol L-1 ) 
25.00 0.409 105.53 0.140 44.33 

Carbendazim 16.67 0.322 61.81 0.119 22.68 

R. solani 

Control 75.00 0.193 - 0.089 - 

Ag NPs (0.15 

mmol L-1 ) 
25.00 0.369 91.19 0.130 46.07 

Carbendazim 16.67 0.290 50.26 0.105 17.98 
*Disease incidence (%) = Total percentage of diseases incidences (60 days after planting) 
**Increase of Pox and Ppo % relative to control (infested soil) without any treatment = (Treatment - Control) / Control) x 
100. 
 

Discussion 
 

The obtained results revealed the significant losses in Conocarpus plants production due to the 
infection by root rot and wilt fungal diseases in nurseries under investigation of two governorates in 
Egypt during 2015 & 2016 seasons. These findings align well with previous literature reports indicating 
that root rot and wilt of Conocarpus plants may be regularly lead to losses of more than 15 % to plant 
stand in nurseries (Manion, 1981) . In this study, large losses in plants production could arise from 
planting the stored seeds and planting in the same soil for more than one season without sterilization, 
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which resulted giving rise to increasing root rot and wilt diseases problem as reported earlier (Manion, 
1981). The results from the isolation trials for root rot and wilt Conocarpus plants indicated that  F. 
oxysporum and R. solani were the most common fungi associating with the root rot and wilt. F. 
oxysporum, F. solani, P. splendens and R. solani were isolated separately or combined from several 
root rot and wilt plants other than the tested ones (Radwan, 1992 and Hilal et al., 1995) . The soilborne 
fungi have been shown to be always isolated from almost all ornamental trees (Khan and Singh, 2000)  

The results indicated that the pathogenic capabilities of the fungi isolated were greatly varied. 
Therefore, the survived plants (%) are of great importance in determining their virulence against each 
plants. Generally, the survival of all plants was decreased by all the tested fungi. In addition, P. 
splendens, R. solani & S. rolfsii were significantly the most virulent fungi, in most cases followed by 
F. oxysporum then M. phaseolina. These results on root rot and wilt caused by the tested pathogenic 
fungi and their virulence  to ornamental trees are align well with those recorded previously in Egypt 
(Radwan et al., 1996). 

All the tested concentrations by Ag NPs of resulted in enhancing germination of the germinated 
seeds of Conocarpus compared with control treatment. Moreover, the Ag NPs treatment could provide 
an alternative route to provide a source of fertilizer that may help achieve sustainable agriculture (Yang 
and Watts, 2005). Thus, Ag NPs-treated seeds could be used to reduce the impact of the chemical 
fungicides on the environment and reduce the cost of agricultural production in accordance with the 
literature (Parveen and Rao, 2015) . 

The treatment with Ag NPs could lead to increase absorption of the water by the seeds and 
increased nitrate levels, which could be increase the ability of the seeds to absorb and utilize the 
fertilizers and thus promote seed antioxidant systems. Moreover, Ag NPs could significantly promote 
photosynthesis , which is closely related to the modulated nitrogen metabolism. The high-concentration 
of Ag NPs sol could alter the proteins involved in the redox regulation and in the sulfur metabolism 
(Almutairi and Alharbi, 2015). 
The results obtained concerning the effect of the different concentrations of the Ag NPs sol on the 
mycelial growth of the five pathogenic fungi demonstrated that Ag NPs treatment significantly 
decreased the mycelial growth compared to the control and this is accordance with (Hae-Jun et al. , 
2006).  Ag NPs sol of 0.15 mmol L-1 demon started the highest antifungal activity , while the 0.025 
mmol L-1 Ag NPs sol showed the lowest antifungal activity. The mycelial growth of the M. phaseolina 
was sensitive to all tested concentrations of Ag NPs sol ,while the colony growth of the P. splendens 
was sensitive only to two concentrations ( 0.025 and the 0.5 mmol L-1) . Ag NPs treatment could alter 
the fungi cellular functions resulting in deformations in the fungal hyphae, decreasing spores number, 
malformation and hypertrophy, which could finally lead to fungi death (Al-othman et al., 2014) . The 
toxicity of Ag NPs to the fungi could be ascribed to either toxicity due to release of toxic chemicals or 
ions or due to stress or stimuli effects related to the size, shape and surface charge of the nanoparticles 
(Parveen and Rao, 2015). 

The plasmonic Ag NPs have been shown to be non-toxic and environmentally-safe inorganic 
antimicrobial agents that are capable of killing about 650 type of microorganisms (Jeong et al. ,2005) . 
Several mechanisms have been proposed to explain the inhibitory effect of Ag NPs on microorganisms. 
It is assumed that the high affinity of Ag species towards sulfur and phosphorus is the key element of 
the antimicrobial effect. It was also suggested that Ag+ ions released from Ag NPs can interact with 
phosphorus moieties in DNA, resulting in inactivation of DNA replication, or can react with sulfur-
containing proteins, leading to the inhibition of enzyme functions (Gupta and Silver,1998 and 
Matsumura et al.,2003) .    Moreover, Ag NPs are also known for their ability to induce oxidative stress 
in microbes which will eventually lead to killing the microbes. It has been previously reported that Ag 
NPs treatment can lead to increasing reactive oxygen species (ROS) production , which can result in 
cell membrane damages and formation of various free radical species with a potent bactericidal action 
(Wu et al. ,2014) . 

As revealed from the TEM image shown in( Fig. 1, a &b )   the nanosized dimensions of the Ag 
NPs allowed the passage of the Ag NPs through the fungal cell wall layers. Ag NPs distribution 
throughout the cell as well as the possible interaction of the Ag NPs interacting with the cell 
components.(Vahdati and Sadeghi ,2013) . The nanosized Ag NPs with an average size less than 20 nm 
in diameter can interact with the sulfur-containing proteins of cell membranes of the microorganisms 
leading to greater permeability of the membrane and finally inducing cell death of  microorganisms 
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(Morones et al. ,2005) . Moreover, Ag NPs are also known for their ability to induce oxidative stress in 
microbes which will eventually lead to the killing of the microbes. It has been previously reported that 
AG NPs treatment can lead to increase reactive oxygen species (ROS) production which can result in 
cell membrane damages and formation of various free radical species with a potent microbial action 
(Wu et al. ,2014). 

Our results revealed the presence of increased levels of Ppo and Pox enzyme activities upon 
treating the Conocarpus plants with Ag NPs sol as well as the fungicide named Carbendazim, relative 
to the control. This could be attributed to the interaction of the Ag NPs with the P- and S-containing 
compounds inside or outside the cell (Abdel-Hafez et al., 2016). In addition, the Ag NPs treatment of 
some plants could be lead to higher levels of protein and carbohydrate and a lower level of total phenol 
content (TPC), which improves growth of the plant with reducing toxicity (Krishnaraj et al. ,2012) . 
Studies on Ag NPs-treated different microorganisms have shown the dependence of the antimicrobial 
effects of Ag NPs on the dose (Siddhartha et al., 2007). The presence of Ag+ at micro molar levels have 
been reported to uncouple respiratory electron transport from oxidative phosphorylation, inhibit 
respiratory chain enzymes and interfere with the membrane permeability to protons and phosphate 
(Schreurs and Rosenberg, 1982 and Bragg and Rainnie, 1974) . In addition, higher concentrations of 
Ag+ ions have been shown to interact with cytoplasmic components and nucleic acids (Dibrov et al., 
2002) .  

In summary, the Ag NPs demonstrated significant antifungal activity toward several fungal 
species, which make Ag NPs ideal anti-microbial agents for wide range of phytopathogenic 
applications. Moreover, our results revealed that Ag NPs could serve as economic and safe promising 
antifungal agents toward the efficient control of the phytopathogenic fungi even at low effective 
concentrations of Ag NPs sol, which make Ag NPs suitable for wide-scale applications. 
 
Conclusion 

The antifungal activity of Ag NPs for efficient control of the soil-borne fungal diseases affecting 
Conocarpus transplants compared to the control was demonstrated under greenhouse conditions. The 
study revealed estimating effects of Ag NPs treatment on Conocarpus seed germination and viability. 
Soil treatment with Ag NPs minimized the mean percentages of the disease incidence 30 & 60 days 
after treatment and led to significant increase to the survived plants compared to control. In summary, 
Ag NPs demonstrated significant antifungal activity toward several fungal species, which make Ag NPs 
ideal anti-microbial agents for wide range of agricultural applications. 
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