
Middle East Journal of Agriculture 
Research 
ISSN 2077-4605 

Volume : 07 | Issue : 04 | Oct.-Dec. | 2018 
Pages:1756-1768 

 
 

Corresponding Author: Omaima O. Mohammed, Post Harvest and Handling of Vegetable Crops Dept., Hort. 
Res. Inst., ARC, Egypt. 

1756 

Efficiency of Cryptococcus Tephrensis and Bacillus subtilis as a tool for biocontrol 
agents and its reflection on productivity and Storability of  Sweet Pepper 

 

Omaima O. Mohammed1, Ebtsam M. Morsy2 and Hager I. Tolba2 
 

1Post Harvest and Handling of Vegetable Crops Dept., Hort. Res. Inst., ARC, Egypt. 
2Soils, Water and Environment Res. Inst., Agric. Res. Center, Giza, Egypt 

Received: 25 Oct. 2018 / Accepted 20 Dec. 2018 / Publication date: 30 Dec. 2018 
 
ABSTRACT 

      Two field experiments were carried out during two successive summer seasons of 2017 and 
2018 at the experimental farm infected with root rot disease causing by different root rot fungi, at El-
Kassasein Research Station, Ismallia Governorate, Egypt. To investigate the effect of microbial 
inoculation with cryptococcus tephrensis and Bacillus subtilis in comparison with chemical fungicide 
and control on soil microbial counts, soil enzyme activities, infection and survival percentage, 
morphological characters, yield and its components of sweet pepper fruits cv. California wonder. It 
aimed also to study the effect of the abovementioned treatments on sweet pepper fruits storability 
during storage at 8 oC and 90-95% RH for 21 days.   

      Treating sweet pepper plants with the dual inoculation of cryptococcus tephrensis and 
Bacillus subtilis increased total microbial and yeast count, and significantly increased dehydrogenase 
activities, survival percentage, vegetative growth characters, yield and its components, while 
decreased infection percentage followed by inoculation with Bacillus subtilis, without significant 
differences between them in most cases.  Regarding the storage experiment, the quality parameters of 
sweet pepper fruits during cold storage indicate that fruit firmness, total soluble solids %, and 
chlorophyll content were decreased as the storage period prolonged. Meanwhile weight loss %and dry 
matter % were increased. 

      Sweet pepper fruits which obtained from plants treated with Cryptococcus tephrensis plus 
Bacillus subtilis was the superior treatment during storage at 8 oC and 90-95% RH in reducing weight 
loss % and maintaining general appearance, fruit firmness, TSS% and dry matter % for 21 days 
followed by Bacillus subtilis.   

 
Keywords: Sweet pepper, microbial inoculation, soil enzymes, Cryptococcus tephrensis, Bacillus 

subtilis, growth parameters, yield and storability. 

 
Introduction 
 

Sweet pepper (Capsicum annuum L.) is one of most popular and favorite vegetable crop 
cultivated in Egypt for local market and exportation. The importance of sweet pepper cultivation in 
the world could be explained by its high nutritional value of antioxidants, vitamins and some other 
compounds. Nowadays, a great attention has been focused on the possibility of using natural and safe 
agents for promoting growth and yield of vegetable crops. 

Excessive application of chemical fertilizer led to severe soil and water pollution that 
rationalize the use of fungicides is very important to maintain the environment and maintain the long-
term balance of the soil ecosystem. In the context, use of microbial inoculation in agriculture 
represents an environmentally safely alternative to further applications of mineral fertilizer (Khan et 
al., 2007). The documented benefits of plant inoculation with beneficial microorganisms include 
reduce pathogen infection, improve fertilizer use efficiency, and improve resistance as for drought, 
mineral deficiency as well as salinity (Amprayn et al., 2012). In addition, they produce 
phytohormones, siderophore and vitamin B12 that act as plant growth regulator (Pen et al., 2002). 

Most of the researches have focused on the use of particular bacterial species, commonly 
referred to as plant growth promoting rhizobacteria (Vessey, 2003). Bacillus subtilis used to suppress 
soil-borne diseases like Fusarium spp., Rhizoctonia spp. and Phytophthora spp. Inoculating tomato 
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seeds and Frensh bean plants with B. subtilis significantly increases plant growth, and yield, 
(Nihorimbere et al., 2010 and Saxena et al., 2013). 

Significant increases in vegetative growth characters, dry weight, seed yield and it's 
components as well as total bacterial count and soil enzymes activities (Dehydrogenase, Nitrogenase 
and Chitinase). On the other hand, a reduction in number of nematode larva in soil, root rot disease 
and Fusarium infection in soil was occurred by microbial inoculation of cowpea plants with Bacillus 
subtilis and Candida spp. (Nour and Tolba 2015). 

A diverse range of yeasts exhibit plant growth promoting characteristics, including pathogen 
inhibition (El-Tarabily and Sivasithamparam, 2006); phytohormone production and phosphate 
solubilization (Amprayn et al., 2012); stimulation of mycorrhizal- root colonization (Alonso et al., 
2008). Yeasts in the root zone may influence plant growth indirectly by encouraging the growth of 
other plant growth promoting rhizo-microorganisms, through vitamin B12 production (Medina et al., 
2004).  

Some bacterial isolates and Saccharomyces cerevisiae as bioagents were effective against root 
rot pathogens under greenhouse conditions (Abd El-kader et al., 2012). Kamel et al. (2016) reported 
that the application of Candida tropicals, cryptococcus tephrensis and Saccharomyces cerevisiae 
strains are significantly decrease the root rot disease severity and increases of shoots, roots length and 
dry weights in cucumber plants. Adinarayana et al. (2018) observed increasing in vegetative growth 
traits and total dry weight of tomato plants which treated with Bacillus subtilis at 500 g/ha in both soil 
drenching and foliar spray. Moreover, the same treatment has recorded the maximum number of 
clusters per plant, flowers per cluster and fruits per cluster. 

Pepper fruits after harvesting commonly encourtered postharvest problems, such as strong 
physiological activities, quality degradation, shriveling associated to rapid loss of weight, nutritive 
components as well as fast physical decay and rapid senescence. Therefore, maintaining freshness of 
pepper fruits has been a challenge in keeping its postharvest quality such as reducing water loss, 
delaying softening and extending shelf life period (Gonzalez et al., 1999 and Xie et al., 2004). 

Weight loss percentage of sweet pepper increased significantly with the prolongation of the 
storage period, while general appearance and fruit firmness were decreased (Shehata et al., 2013). A 
considerable increase in weight loss percentage of stored sweet pepper fruits when the storage period 
prolonged, while, pepper fruits TSS% and fruits firmness were decreased as the duration of storage is 
increased ( Ismail and Mohamed, 2014). Continues increase in weight loss % with the prolongation of 
storage period, while pepper fruits TSS% and visual quality were decreased (Atress and Rashid, 
2016).   

The objective of this work was to study the impact of soil inoculation with cryptococcus 
tephrensis and bacillus subtilis individual and dual application on soil enzymes activities, infection 
and survival %, total microbial and yeast count, growth, productivity, and storability of sweet pepper. 
 
Materials and Methods 
 
Field experiment: 
 

The present work was carried out during two successive summer seasons of 2017 and 2018 at 
the Experimental Farm, El Kassasein Research Station, Ismailia Governorate, to study the effect of 
Cryptococcus tephrensis and Bacillus subtilis inoculation in comparison with chemical fungicide and 
control on soil microbial counts, soil enzyme activities, infection and survival percentage, 
morphological characters, yield and its components as well as keeping quality of sweet pepper fruits 
cv. California wonder during cold storage. The used experimental soil has history of root rot disease 
causing by different root rot fungi.  
 
Preparation of microbial culture: 
 

Yeast strain was grown in glucose peptone yeast extract medium, (GPY) and bacterial strain 
was inoculated on nutrient broth medium (Difco, 1985). The flasks (250ml) were inoculated with a 
loop full from tested strains and incubated at 28ºC for 48h and used for standard inoculants.  
The soil physical and chemical properties of the experimental site are given in Table1. 
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Table 1: The physical and chemical properties of the tested soil site during   2017 and 2018 seasons 
Values  Chemical properties  Values  

Physical properties 
2018 2017   2018 2017 

0.08 0.05 Organic matter  95.6 96.5 Sand (%) 

64 52 Available K (ppm)  1.6 1.7 Silt (%) 

6.2 5.5 Available P (ppm)  2.8 1.8 Clay (%) 

6.9 5.4 Available N (ppm)  6.8 6.5 Field capacity 

0.26 0.18 Calcium carbonate (%)  2.5 2.4 Wilting point 

8.1 8.1 pH  4.5 4.5 Available water 

      14.5 13.8 Water holding capacity 

      This experiment included 5 treatments as follows: - 

1- Control (untreated),                          2- Razoliex T. (chemical fungicide) 
3- Cryptococcus tephrensis,                 4- Bacillus subtilis,  
5- Cryptococcus tephrensis + Bacillus subtilis. 
    

The treatments were arranged in a complete randomized block design with three replications. 
Seeds of sweet pepper cv. California wonder were sown on February 23rd and 25th and seedling were 
transplanted on 4th and 5th of April in 2017 and 2018 seasons, respectively. The area of experimental 
plot was 10.5m2. Every plot consisted of 5 dripper lines 3m in length and 0.7m in width. Plants were 
spaced at, 50 cm apart with about 35 plants in every plot. One dripper line was left between each two 
experimental plots without treatment as a guard row to avoid the overlapping of leaching solution. 
Two  dripper lines (4.2m2) was earmarked for samples and the other three dripper lines (6.3m2) were 
earmarked for determining  yield and its components. The normal agriculture practices of sweet 
pepper under drip irrigation system were followed according to the recommendations of Agriculture 
Ministry.The inoculum of microbial treatments  (CFU × 108) were added  with soil irrigation at a rate 
of 20 L/fed in three equal doses after 15 , 30 and 45 days from transplanting according to each 
treatment.  

 
Data recorded 
 
1. Microbiological parameters: 

Disease incidence of root rot (percentage of infection and healthy survival plants) were 
recorded after 60 days from transplanting. 

At 40 and 70 days the population dynamics of total microbial count on nutrient agar medium 
(Difco, 1985), yeast count on GPY agar medium (Difco, 1985) were recorded. Furthermore the 
activity of dehydrogenase (μg TPF/g dry soil/day) was determined according to Skujins (1976) at the 
same periods.  

 
2. Morphological characters   

A random sample of six plants was randomly taken from every plot at 60 days after 
transplanting in both seasons of study for measuring the growth characters of sweet pepper plants as 
follows: plant height, number of both leaves and branches / plant as well as leaf area / plant. 
Leaf area (cm2/ plant) was calculated according to Koller (1972) using following formula: 
Plant leaf area cm2 = Dry weight of leaves × Disk area of 10 disks (cm2) / Dry weight of 10 disks 
                             
3. Yield and its components 

 Fruits of each plot were harvested at marketable maturity stage, counted and weighed and the 
following data were calculated: average numbers of fruits/plant, average fruit weight, yield per plant 
and total yield /fed. 
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4. Statistical analysis  
Obtained data were subjected to statistical analysis according to the procedures reported by 

Snedecor and Cochran (1982) using M. stat program and means were compared by L.S.D multiple 
range tests at the 5 % level of probability in the two seasons of experimentation. 
 
Storage Experiment: 

This experiment was conducted to study the effect of microbial inoculation in comparison with 
chemical fungicide on keeping quality of sweet pepper fruits during storage. In this experiment, 
pepper fruits which obtained from the field experiment harvested at the green mature stage, 
transported soon to the  handling Lab., Hort. Dept., Fac. of Agric., Zagazig University, Egypt, and 
kept overnight at 8 oC and 90-95% relative humidity (RH). The following morning, the uniform fruits in 
size and colour without any physical defects were selected for the storage experiment. 

Twelve replicates were prepared for each treatment. Each replicate consisted of five fruits 
which packed in micro perforated polypropylene bags 17 ×22cm (with 30µ thickness) and served 
represented as one replicate sealed hermetically, and placed in carton box (40 x 35 x 12 cm). All 
treatments were stored at 8oC and 90-95% relative humidity for 21 days. A complete randomized 
design with three replicates was adopted. Three replicates from each treatment were randomly taken 
and examined at 0, 7, 14 and 21days during storage to determine the postharvest measurements as 
follows: 
1-Weight loss percentage: it was estimated according to the following equation:  

Weight loss% = 
   Initial plant weight – Plant weight at sampling date  

×100 
Initial plant weight 

 
2- General appearance: it was determined according to the following score system: 9 = excellent, 7 = 

good, 5 = fair, 3 = poor, and 1 = unusable. This scale depends on morphological defects such as 
fruits wilting, and fruits discoloration  

3-Total soluble solids (TSS): It was determined by using a hand Refractometer according to the 
methods mentioned in A.O.A.C. (1990). 

4- Total chlorophyll: it was measured in fresh fruits by using Minolta chlorophyll meter SPAD-501as 
SPAD units.  

5-Fruit firmness (g/cm2): it was determined by using Push Pull dynamometer (Model FD101).      
6-Dry matter (%): It was determined after drying at 70oC till constant weight. 
 
Results and Discussion 
 
The field experiment: 
 
Total microbial counts:  

The abundance of bacteria and yeast in the rhizosphere of pepper plants as presented in Table 2 
altered in the ability of microbial species to associate with the roots of pepper plants side by side with 
other beneficial microflora where the plant roots could support the growth and activities of an array of 
microorganisms that import profound effects on growth and health of plants. From the results, mixture 
of C. tephrensis and B. subtilis treatment enriched the counts of total microbial and yeast than other 
treatments. The dynamic of total microbial and yeast counts increased during the two seasons at 40 
and 70 days. Furthermore, the increase in both microbial and yeast populations dynamics especially at 
70 days. The total microbial counts ranged between 83 and 89 ×105 CFU/g rhizosphere soil during the 
two seasons. While the yeast population counts ranged between 73 and 77 ×103 CFU/g rhizosphere 
soil at the same seasons.  

 
Dehydrogenase activity, infection and survival percentage:  

 Dehydrogenase is an oxidoreductase, which is only existent in viable cells. This enzyme has 
been considered as a sensitive indicator of soil quality and indicated to changes in total microbial 
activity in soil. Data in Table 3 show that the application of microbial strains increase the activity of 
dehydrogenase enzyme in rhizospheric soil planted with pepper plants compared with control and 
fungicide treatment. The mixture treatment of C. tephrensis and B. subtilis recorded the highest values 
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of dehydrogenase enzyme activity compared with individual treatments. The significantly increased 
values noticed were 26.0 and 30.3 μg TPF/g dry soil/ day at 40 and 70 days during first season. At the 
same trend, it was recorded 29.8 and 34.2 μg TPF/g dry soil/ day at the same periods during second 
season. 
 
Table 2: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 

total microbial and yeast counts of sweet pepper plants during 2017 and 2018 seasons 
 

                Characters 

 
 Treatments         

Total microbial counts  

(CFU  ×105 /g Rhizosphere soil) 

Total yeast count  
(CFU  ×103 /g Rhizosphere soil) 

1st season    2nd season 1st season    2nd season 

40  

days 

70 

days 

40 

days 

70 

days 

40  

days 

70 

days 

40 

days 

70 

days 

Control 20 26 26 29 2 5 2 6 

Rhizolex T. 15 18 19 23 1 3 1.5 4 

Cryptococcus  tephrensis  

(C.t) 
57 64 66 71 65 87 70 77 

Bacillus subtilis (B.s) 65 72 74 77 42 47 48 56 

(C.t)×  (B.s) 71 83 82 89 64 73 68 77 

 
Colonization pattern was characterized as ability of microbial cells to attach the plant roots with 

large population density. The microbial activity in the rhizospheric area is limited by the ability of 
beneficial microorganisms to exist in large populations and consequently the increase of its enzyme 
activity particularly, dehydrogenase. This activity has been considered as a sensitive indicator of soil 
quality (Caravaca et al., 2003 and Morsy, 2015). 

Data presented in Table 3 indicate that the highest percentage of infected pepper plants caused 
by root rot fungi was recorded with control whereas, the lowest percentage of infection was observed 
in the treated with fungicide (Rhizolex-T). The tested strains significantly reduce the percentage of 
infected plant and significantly increased percentage of healthy survival plants compared with control. 
The mixture treatment significantly reduces infected plants and subsequently the marked increase of 
the percentage of survival plants. The corresponding values were 38.2 and 32.7 for infection plants 
and 61.7 and 67.3 for survival plants in the two seasons, respectively.  

The observed reduction in the disease infection and increased survival plant after application of 
tested strain bioagents compared to control may be due to their ability to produce plant growth 
promoting substances and production of some bioagents. These results agree with Morsy et al., (2009) 
and Abd El-Kader et al. (2012) who reported that some antagonistic bacteria and yeast significantly 
reduced root rot disease incidence in comparison with untreated control. Where it have capability to 
rapidly colonize and grow in surface and compete with pathogen on nutrients and space. Moreover, 
the antagonistic microorganisms parasitize major postharvest pathogens directly through strong 
attachment to their hyphae. This leads to partial disruption of hyphal wall structures (El-Ghaouth et 
al., 1998). 

The mechanisms of bacteria and yeast action towards the molds are varied as the induction of 
resistance in the host plants, production of siderophores, hydrogen cyanide, production of cell-wall 
lytic enzymes capable to degrade the cell wall of phytopathogenic molds, production of some toxic 
volatile compounds and killer toxins (Urquhart and Punja, 2002, Bruce et al., 2004 and Morsy et al., 
2009). The microorganisms have one or more of these mechanisms for biological control against 
microbial pathogens. 

 
Morphological characters:  
      Data presented in Table 4 show clearly the effect of microbial inoculation in comparison to 
chemical fungicide (Rhizolex T.) on sweet pepper plant height, number of leaves and branches per 
plant as well as leaf area during both seasons of study. It is obvious from the data that inoculation 
pepper plants with Cryptococcus tephrensis or / and Bacillus subtilis significantly increased 
vegetative growth characters as compared to chemical fungicide or untreated plants, the most 
favorable treatment for enhancing growth characters was the dual inoculation with Cryptococcus 
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tephrensis plus Bacillus subtilis followed by the individual treatment with Bacillus subtilis without 
significant differences between them in most cases. On the other side the lowest values in this respect 
were reported generally in cases of the control.  

The beneficial effect of Cryptococcus tephrensis application on growth parameters of pepper  
plants may be due to that yeast (Cryptococcus tephrensis) as a natural source for cytokinins had 
stimulatory effects on cell division, cell enlargement, protein and nucleic acid synthesis as well as 
chlorophyll formation (Spencer et al., 1983). In addition, yeast reduce diseases caused by root 
pathogens matter (Hesham and Mohamed, 2011), also yeasts in the root zone may influence plant 
growth indirectly by encouraging the growth of other plant  growth promoting rhizomicroorganisms, 
through vitamin B12 production (Medina et al. 2004). Such stimulative effect of Bacillus subtilis on 
growth may be due to that, plant-associated bacteria can also improve nutrient acquisition by the 
plant, especially via nitrogen fixation or via solubilization of phosphorous, iron and other 
oligoelements, other compounds such as the volatile acetone and butaniol emitted by some Bacillus 
strains are also involved in the stimulation of plant growth (Ryu et al., 2003).                   
     
Table 3: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 

dehydrogenase activity, infection and survival percentage of sweet pepper plants during 
2017 and 2018 seasons 

 

              Characters 
 

 Treatments         

Dehydrogenase activity  

(μg TPF/g dry soil/day) 
Infection and survival percentage 

1st season    2nd season Infection % Survival% 

40  

days 

70 

days 

40 

days 

70 

days 

1st 

season   

2nd 

season 

1st 

season    

2nd 

season 

Control 16.6 23.4 21 24.6 73.3 77.7 26.7 22.3 

Rhizolex T. 8.3 8.2 11.1 12.5 29.6 24.4 70.4 75.6 

Cryptococcus tephrensis 

(C.t) 
20.9 26.5 23.8 28.4 43.9 36.3 56.1 63.7 

Bacillus subtilis (B.s) 20.4 24.5 24.8 30.3 39.8 34.0 60.2 66.0 

(C.t)×  (B.s) 26.0 30.3 29.8 34.2 38.2 32.7 61.7 67.3 

LSD at 0.05 level 3.1 3.9 4.2 4.6 10.6 4.0 6.1 5.8 

 
      Similar findings with Bacillus subtilis as a soil treatment were obtained by Nihorimbere et al. 
(2010) on tomato, Saxena et al. (2013) on French bean and Nour and Tolba (2015) on cowpea, the 
obtained results with Cryptococcus tephrensis (yeast) are in accordance with those reported by Kamel 
et al. (2016) on cucumber and Nour and Tolba (2015) on cowpea. 
 
Yield and its components:  

 Results in Table 5 show the effect of microbial inoculation in comparison to chemical 
fungicide (Rhizolex T.) on yield and its components of sweet pepper plant expressed as number of 
fruits per plant, average fruit weight, yield per plant and total yield per feddan.  

Such data indicate that, there were significant differences among the tested treatments and the 
control in number of fruits per plant, yield per plant and total yield per feddan except average fruit 
weight during the two seasons of growth, the highest values of number of fruits per plant and yield per 
plant as well as total yield per feddan were recorded, generally, as a result of dual inoculation with 
Cryptococcus tephrensis plus Bacillus subtilis followed by the individual treatment with Bacillus 
subtilis without significant differences between them in most cases. On the contrary, the lowest values 
in this connection were recorded from untreated plants followed by plants treated with chemical 
fungicide (Rhizolex T.). The increases in yield and its components may be attributed to the 
enhancement effect of the abovementioned treatments on increasing plant growth parameters (Table 
4). Also, it could be attributed to the role of soil yeasts as bio-fertilizers (Botha, 2011). Increasing in 
the level of inorganic nutrition, enhanced biologically derived CO2 production were proposed to 
explain partly the multiple effect of yeast culture (Nikolay et al., 2001). In addition, yeasts may be 
able to solubilize insoluble phosphates thus making these nutrients more readily available to plants 
(Botha, 2011).     
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Table 4: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 
morphological characters of sweet pepper plants during 2017 and 2018 seasons 
 

Characters    

 
 

Treatments         

Morphological  characters / plant 

Plant height 

(cm) 

No. of leaves / 

plant  

No. of branches 

/plant 
Leaf area (cm2)  

1st 

season    

2nd 

season 

1st 

season   

2nd 

season 

1st 

season   

2nd 

season 

1st 

season    

2nd 

season 

Control 43.3 46.7 67.7 51.3 3.3 3.7 1702 1617 

Rhizolex T. 48.3 49.7 78.3 76.0 4.7 4.7 1879 1824 

Cryptococcus tephrensis 

(C.t) 
58.0 56.3 85.0 88.7 4.7 4.3 2006 2093 

Bacillus subtilis (B.s) 56.7 57.7 97.7 98.3 5.0 5.0 2237 2261 

(C.t)×  (B.s) 63.3 61.7 114.7 107.3 5.3 5.0 2469 2367 

LSD at 0.05 level 3.6 4.5 4.8 3.4 0.8 0.6 303 295 

 
      On the other hand, Bacillus sp. enhancing plant growth and yield by direct and indirect via plant 
growth promoting activities and nitrogen fixation (Killani et al., 2011). Similar findings were 
obtained by Nihorimbere et al., (2010) on tomato, Saxena et al., (2013) on French bean and Nour and 
Tolba (2015) on cowpea regarding Bacillus subtilis. In addition, the obtained results with 
Cryptococcus tephrensis (yeast) are in harmony with those reported by Kamel et al. (2016) on 
cucumber and Nour and Tolba (2015) on cowpea. 
 
The storage experiment: 
 
Weight loss percentage: 

 It is clear from the data in Table 6 that there was a considerable and continuous increase in 
weight loss % as the storage period was extended, the maximum values of weight loss were occurred 
at the end of storage period, and it reached to 4.85 and 4.86 % in the 1st and 2nd seasons respectively. 
Normally, the weight loss occurs during the fruit storage due to its respiratory processes, the 
transference of humidity and some processes of oxidation (Sakaldas and Kaynas, 2010).Similar 
results were obtained by Atress and Rashid (2016), Ismail and Mohamed (2014) and Shehata et al. 
(2013) on sweet pepper.  
       
Table 5: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 

yield and its components of sweet pepper plants during 2017 and 2018 seasons 
 

              Characters 

 
 

  Treatments         

Yield and yield components 

No. of fruits 

/plant 

Average fruit 

weight (g)  
Yield /plant (g) 

Total yield /fed. 

(kg)  

1st 

season   

2nd 

season 

1st 

season   

2nd 

season 

1st 

season    

2nd 

season 

1st 

season    

2nd 

season 

Control 8.0 9.3 55.16 52.75 441.28 490.58 5295.4 5887.0 

Rhizolex T. 8.6 10.3 54.69 53.11 470.33 547.03 5644.0 6564.4 

Cryptococcus tephrensis 

(C.t) 
9.3 10.7 54.25 53.21 504.53 569.35 6054.4 6832.2 

Bacillus subtilis (B.s) 10.9 11.7 54.68 54.09 596.01 632.85 7152.1 7594.2 

(C.t)×  (B.s) 11.7 12.3 56.16 55.18 657.07 678.71 7884.8 8144.5 

LSD at 0.05 level 1.3 0.9 N.S N.S 61.42 71.56 205.1 97.4 

 
With regard to treatments, it is obvious from the data in Table 6 that preharvest treating sweet 

pepper plants with all tested substances significantly increased weight loss % as compared to the dual 
inoculation with Cryptococcus tephrensis plus Bacillus subtilis which significantly reduced weight 
loss% of sweet pepper fruits in both seasons of study. Such results may suggest that beneficial effects 



Middle East J. Agric. Res., 7(4): 1756-1768, 2018 
ISSN: 2077-4605 

1763 

of microbial inoculation on weight loss may referring to one or more of the following mechanisms; N-
fixation facilitate, promoting substances or organic acids for production of plant growth, enhancing 
nutrient uptake for storage organs. 

The interaction between storage periods and treatments show significant effect in both seasons, 
the minimum weight loss percentage at the end of storage period (21days) were noticed by the fruits 
which obtained from the plants inoculated with Cryptococcus tephrensis plus Bacillus subtilis that 
gave 4.02 and 4.19% weight loss in the 1st and 2nd seasons respectively. 
 
General appearance:  

General appearance (GA) score of sweet pepper fruits during storage depends on defects occurs 
in pepper fruits during cold storage such as shriveling, shrinkage and color changes, as shown in 
Table 6 their was a significant decline in general appearance of sweet pepper fruits as the storage 
period was prolonged for all treatments, where the minimum values were occurred at the end of 
storage period. This decline due to the morphological defects occurs in pepper fruits during cold 
storage such shriveling and shrinkage. Similar results were obtained by Atress and Rashid (2016) and 
Shehata et al. (2013) on sweet pepper.   

With respect to treatments, it is obvious from the same data in Table 6 that preharvest treating 
sweet pepper plants with all tested substances did not reflected any significant effect on general 
appearance.  

Regarding the effect of interaction between microbial inoculation and storage period, the same 
results in Table 6 show significant effect on general appearance, the minimum values of general 
appearance at the end of storage period (21 days) were noticed by the fruits obtained from the plants 
which treated with chemical fungicide (rhizolex T) and control without significant differences 
between them, they gave 5.67 in both seasons. On the contrary, the maximum values of general 
appearance at the end of storage period were recorded by sweet pepper fruits which obtained from the 
plants treated with Bacillus subtilis and the dual inoculation of Cryptococcus tephrensis plus Bacillus 
subtilis which displayed acceptable appearance without any signs of pathological disorders in both 
seasons of study.  
 
Fruit firmness: 

 It is obvious from the data in Table7 that pepper fruit firmness decreased as the duration of 
storage period is increased, the highest values of fruit firmness were recorded at harvesting time, 
while the lowest values were noticed at the end of storage period these results are true in both seasons. 
The decline in fruit firmness may be due to the gradually breakdown of proto-pectin to lower 
molecular fractions which are more soluble in water and this directly correlated with the rate of 
softening of fruits (Wills et al., 1998). Similar results were obtained by Ismail and Mohamed (2014) 
and Shehata et al. (2013) on sweet pepper.  

Regarding treatments, it is clear from the results in Table 7 that preharvest treating sweet 
pepper plants with all tested substances had a significant effect on fruit firmness. The superior 
treatment in this respect was the dual inoculation of Cryptococcus tephrensis plus Bacillus subtilis 
which recorded the highest values of fruit firmness during storage, it reached to 612.5 and 670 g/cm2 
in both seasons respectively, as compared to other treatments. On the other hand the lowest values of 
fruit firmness were recorded in case of control treatment. Concerning the effect of interaction, the 
same results show significant effect in both seasons, the maximum values of fruit firmness at the end 
of storage period (21days) were noticed by the fruits which obtained from sweet pepper plants treated 
with the dual inoculation of Cryptococcus tephrensis plus Bacillus subtilis that gave 440 and 470 
g/cm2 in the first and second seasons respectively, followed by Bacillus subtilis.  
 
Total soluble solids (TSS): 

 It is obvious from the data in Table 7 that TSS% of pepper fruits was decreased as the duration 
of storage is increased. The highest values of total soluble solids of fruits were recorded at the 
beginning of storage and the lowest values were recorded at the end of the storage period in both 
seasons. The reduction in TSS% during the end of storage period might owe much to the  higher rate 
of sugar loss through respiration than water loss through transpiration (Wills et al., 1998). These 
results are in accordance with Ismail and Mohamed (2014) on sweet pepper.   

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+acid
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Table 6: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 
weight loss % and general appearance of sweet pepper during storage in 2017 and 2018 
seasons 

Treatments (T) 

Weight loss % 

Season 2017 Season 2018 

Storage period  in days (S) 

0 7 14 21 Mean 0 7 14 21 Mean 

Control - 1.75 2.46 5.93 3.38 - 1.77 2.54 5.78 3.36 

Rhizolex T. - 1.82 2.59 5.61 3.34 - 1.81 2.79 5.36 3.32 

Cryptococcus tephrensis  - 1.64 2.51 4.43 2.86 - 1.68 2.63 4.64 2.98 

Bacillus subtilis (B.s) - 1.29 2.14 4.27 2.57 - 1.34 2.29 4.32 2.65 

(C.t)×  (B.s)  0.89 1.74 4.02 2.22 - 0.95 1.68 4.19 2.27 

Mean - 1.48 2.29 4.85 - - 1.51 2.38 4.86 - 
LSD at 0.05 level T = 0.15      S = 0.11       T × S =0.25 T = 0.24      S = 0.15       T×S =0.34 
 General Appearance score*  

Control 9.00 9.00 7.67 5.67 7.83 9.00 9.00 7.67 5.67 7.83 

Rhizolex T. 9.00 9.00 7.67 5.67 7.83 9.00 9.00 7.67 5.67 7.83 

Cryptococcus tephrensis  9.00 9.00 8.33 5.67 8.00 9.00 9.00 7.67 6.33 8.00 

Bacillus subtilis (B.s) 9.00 9.00 8.33 6.33 8.17 9.00 9.00 7.67 6.33 8.00 

(C.t)×  (B.s) 9.00 9.00 8.33 6.33 8.17 9.00 9.00 8.33 6.33 8.17 

Mean 9.00 9.00 8.07 5.93 - 9.00 9.00 7.80 6.07 - 
LSD at 0.05 level T =  N.S      S = 0.67       T × S =1.52 T = N.S        S = 0.62        T × S = 1.38 

* Score: 9= Excellent, 7= Good, 5= Fair, 3= Poor   ‘ (C.t) = Cryptococcus tephrensis                     
      

Regarding treatments, it is clear from the same data that, treating sweet pepper plants with all 
tested substances had a significant effect on total soluble solids, the superior treatment in this respect 
was the dual inoculation of Cryptococcus tephrensis plus Bacillus subtilis which recorded the highest 
values of TSS% in both seasons, it reached to 9.60 and 9.55 % in the 1st and 2nd season respectively, 
as compared to other treatments. On the contrary, the lowest values of TSS% were recorded in case of 
control treatment. These results are true in both seasons of study. 

As for the effect of interaction, the same results in Table 7show a significant effect in both 
seasons, the maximum values of TSS% at the end of storage period (21days) were noticed by the 
fruits which obtained from sweet pepper plants treated with the dual inoculation of Cryptococcus 
tephrensis plus Bacillus subtilis which gave 8.6% in both seasons.  
                             
Chlorophyll content: 

Data tabulated in Table 8 show that, total chlorophyll was gradually decreased as the storage 
time increased, where the maximum values were occurred at the harvesting time, meanwhile the 
minimum values were noticed at the end of storage period. The reduction in chlorophyll content with 
the elapse of storage period may be due to the destruction of chlorophyll and transformation of 
chloroplasts to chromoplasts by chlorophyllase activity (Hulme, 1970). These results are in agreement 
with those obtained by Atress and Rashid (2016) which reflected that, a slight decrease in sweet 
pepper fruits skin color was occurred coincided with the storage time prolongation. 

Concerning treatments, it is obvious from the same data in Table 8 that treating sweet pepper 
plants with all tested substances had a significant effect on total chlorophyll content of fruits, the 
superior treatment in this respect was the dual inoculation with Cryptococcus tephrensis plus Bacillus 
subtilis which recorded the highest values of total chlorophyll content, it reached to 39.2 and 41.2 
SPAD unit in the first and second season respectively, as compared to other treatments.     

The promoting effect of microbial inoculation treatments on chlorophyll pigment content may 
be related to the role of the symbiotic and non symbiotic microbes in producing of phytohormones or 
improving the availability and acquisition of nutrients or both which promoted vegetative growth. 

With regard to the interaction, the same results in Table 8 show a significant effect in both 
seasons, the maximum values in this respect at the end of storage period (21 days) were noticed by the 
fruits which obtained from sweet pepper plants treated with the dual inoculation of Cryptococcus 
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tephrensis plus Bacillus subtilis that gave 34.4 and 35.7 SPAD unit in the first and second season 
respectively. 
 
Table 7: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 

fruit firmness (g/cm2) and TSS% of sweet pepper during storage in 2017 and 2018 seasons  

Treatments (T) 

Fruit firmness (g/cm2) 

Season 2017 Season 2018 

Storage period  in days (S) 

0 7 14 21 Mean 0 7 14 21 Mean 

Control 680 590 520 400 547.5 740 660 530 410 585.0 

Rhizolex T. 670 600 530 410 552.5 720 660 530 430 585.0 

Cryptococcus tephrensis  700 620 570 420 577.5 720 660 540 420 585.0 

Bacillus subtilis (B.s) 720 640 570 440 592.5 760 680 590 430 615.0 

(C.t)×  (B.s) 750 680 580 440 612.5 820 750 640 470 670.0 

Mean 704 626 554 422 - 752 682 566 432 - 

LSD at 0.05 level T = 13.9      S = 19.3       T × S =43.1 T = 25.3      S = 17.6       T×S =39.3 
 TSS %  

Control 9.7 8.7 8.5 8.2 8.76 10.2 9.5 8.7 8.0 9.10 

Rhizolex T. 10.3 9.3 8.2 7.5 8.82 10.2 9.5  8.6 8.3 9.15 

Cryptococcus tephrensis 10.0 9.3 8.5 8.0 8.95 10.0 9.7 8.7 8.2 9.15 

Bacillus subtilis (B.s) 10.0 9.7 9.2 8.0 9.22 10.3 9.7 9.0 8.2 9.30 

(C.t)×  (B.s) 10.5 10.0 9.3  8.6 9.60 10.3 10.0 9.3 8.6 9.55 

Mean 10.10 9.40 8.74 8.06 - 10.20 9.68 8.86 8.26 - 
LSD at 0.05 level T = 0.31      S = 0.18       T × S =0.41 T = 0.25     S = 0.16        T × S = 0.35 
C.t) = Cryptococcus tephrensis 

 
Dry matter percentage:  

It is clear from the data in Table 8 that, there was a considerable and continuous increase in dry 
matter % of sweet pepper fruits as the storage period was extended, the maximum values of dry 
matter % were occurred at the end of storage period, it reached to 11.67 and 11.81% in the 1st and 2nd 
seasons respectively. 
 
Table 8: Effect of Cryptococcus tephrensis and Bacillus subtilis individual or dual application on 

chlorophyll content and dry matter % of sweet pepper during storage in 2017 and 2018 
seasons 

Treatments (T) 

Chlorophyll content (SPAD unit) 

Season 2017 Season 2018 

Storage period  in days (S) 

0 7 14 21 Mean 0 7 14 21 Mean 

Control 40.23 37.45 32.93 30.62 35.31 42.25 39.25 36.80 32.72 37.75 

Rhizolex T. 40.12 38.19 34.78 31.50 36.15 43.43 39.66 35.98 31.88 37.74 

Cryptococcus tephrensis  42.54 40.17 35.62 32.78 37.78 45.88 42.71 39.35 35.48 40.85 

Bacillus subtilis (B.s) 42.69 40.56 36.18 33.25 38.17 44.71 41.35 38.90 34.90 39.96 

(C.t)×  (B.s) 43.84 41.73 37.14 34.47 39.29 46.90 42.97 39.35 35.70 41.23 

Mean 41.88 39.62 35.33 32.52 - 44.63 41.19 38.07 34.13 - 

LSD at 0.05 level T = 1.76      S = 1.11       T × S =2.49 T = 0.90      S = 1.08       T×S =2.42 
 Dry matter  %  

Control 9.21 10.14 10.87 11.18 10.35 9.85 10.71 11.32 11.61 10.87 

Rhizolex T. 9.65 10.52 11.15 11.49 10.70 9.81 10.62 11.22 11.57 10.81 

Cryptococcus tephrensis 9.78 10.68 11.25 11.58 10.82 9.76 10.68 11.26 11.63 10.83 

Bacillus subtilis (B.s) 9.91 10.89 11.43 11.74 10.99 9.84 10.73 11.39 11.72 10.92 

(C.t)×  (B.s) 10.41 11.35 12.01 12.35 11.53 10.54 11.46 12.17 12.54 11.68 

Mean 9.79 10.71 11.34 11.67 - 9.96 10.84 11.47 11.81 - 
LSD at 0.05 level T = 0.28      S = 0.15       T × S =0.33 T = 0.24      S = 0.17       T×S =0.37 

(C.t) = Cryptococcus tephrensis 
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      As for treatments, it is obvious from the same data in Table 8 that treating sweet pepper plants 
with all tested substances had a significant effect on dry matter %, the superior treatment in this 
respect was the dual inoculation with Cryptococcus tephrensis plus Bacillus subtilis which 
significantly maintained higher dry matter % it reached to 11.53 and 11.68 % in the first and second 
season respectively, followed by the individual inoculation with Bacillus subtilis.     
      Concerning the effect of interaction, the same results show significant effect on dry matter % in 
both seasons, the maximum values of dry matter % at the end of storage period (21days) were 
occurred by the fruits which obtained from plants inoculated with Cryptococcus tephrensis plus 
Bacillus subtilis that gave 12.35 and 12.54 % in the first and second season respectively.     
 
Conclusion 

From the previous results of this investigation, it could be concluded that, microbial inoculation 
of sweet pepper plants with Cryptococcus tephrensis plus Bacillus subtilis enhanced soil enzymes 
activities, survival percentage, total microbial count, total yeast count, plant growth, yield and its 
components and reduction infection percentage, as well as effectively maintained quality attributes of 
sweet pepper for 21 days storage at 8 °C and 95% RH. 
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