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Abstract 

Mycorrhizal associations imply a remarkable reprogramming of functions in both plant and 

fungal symbionts. This consequent alteration on plant physiology has a clear impact on the plant 

responses to biotic and abiotic stress management. As a consequence, a pot experiment was 

conducted to study the bioregulation potentials of arbuscular mycorrhizal fungus (AMF) to 

combat heat stress and disease management in cyclamen plants. Thus a series of experiments 

were conducted simultaneously both in the greenhouse and under growth chamber condition. 

The effect of AMF on plants normal growth and development, both in the physical and 

biochemical changes, under abiotic and biotic stress conditions were observed very distinctly in 

those experiments. However, the first study was relevant to the influence of the arbuscular 

mycorrhizal fungus (AMF), Glomus fasciculatum, to combat heat stress through changes of 

antioxidative activity in cyclamen (Cyclamen persicum Mill.) plants. In this experiment, 

cyclamen plants (both inoculated and non-inoculated with AMF) were placed in commercial 

potting media at 17 20°C for 12 weeks in a greenhouse and subsequently subjected to a growth 

chamber under different temperature conditions. Initially, the plants were grown at 20°C 

(constant) for 4 weeks as a no heat stress (HS-) condition, followed by 30°C (constant) for 

another 4 weeks as a heat stress (HS+) condition. Different morphological and physiological 

growth parameters were compared between AMF-inoculated and non-inoculated (control) 

plants. AMF symbiosis markedly enhanced biomass production and HS+ responses in plants 

compared with the control plants. The severe leaf-browning rate (80-100%) was observed in the 

control plants, whereas the mycorrhizal plants showed a minimum rate of leaf browning under 

HS+ conditions. The AMF-inoculated plants showed an increase in the activities of different 

antioxidative enzymes, such as superoxide dismutase (SOD) and ascorbate peroxidase (APX), 

and the ascorbic acid (AA) and polyphenol content was also increased in these plants. The 

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity also showed greater 
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responses to antioxidants in mycorrhizal plants than in the control plants under each temperature 

condition. The results indicate that AMF alleviates the heat stress damage on cyclamen plants 

through increased antioxidative activity in plants, and the AMF association strongly enhanced 

temperature stress tolerance in cyclamen plants, which promoted plant growth and increased the 

host biomass under heat stress.  

Another study in relation to the first experiment was conducted in the greenhouse to 

observe the efficacy of AMF on plants survival rate and the enhanced antioxidative activity on 

its development under natural heat stress during hot summer season. The temperature both 

inside the greenhouse air and pot soil were recorded in every hours throughout the experimental 

period. The maximum temperature was recorded 40°C and observed to fluctuate between 32-

40°C during the peak summer season. AMF symbiosis markedly enhanced the biomass 

production as well as high temperature stress responses in plants compared to the controls. 

Severe leaf browning rate (80-100%) was observed more in the control plants, whereas 

mycorrhizal plants showed minimum rate of leaf browning under the same temperature 

condition. Plants survival rate under hot summer season found more in mycorrhized plants 

compared to the controls.  The visible flower bud production was higher in mycorrhizal plants 

than the control plants. SOD and APX activities were increased with AMF-inoculation. The 

plants than the controls under high temperature condition. The results indicate that AMF is 

capable of alleviating the damage caused by temperature stress on cyclamen by increasing 

antioxidative activity of plants and AMF association highly enhanced the temperature stress 

tolerance in cyclamen plants under greenhouse.  

The final study was relevant to the biotic stress (Fusarium wilt and anthracnose 

diseases) management of cyclamen plants through changes of antioxidative activity with 

mycorrhizal association. Here, the interactions between the AMF (Glomus fasciculatum) and the 

two pathogens Fusarium oxysporum and Colletotrichum gloeosporioides and subsequent effects 
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on growth, disease tolerance and the changes in antioxidative ability in cyclamen plants under 

growth chamber condition were investigated. At plant maturity, inoculation with F. oxysporum

and C. gloeosporioides, responsible for Fusarium wilt and anthracnose of cyclamen respectively, 

significantly reduced shoot and root dry weights, increased both the disease incidence 

percentage and showed lower antioxidative activity viz. SOD, APX, AA and polyphenol 

contents in plants. In contrast, the growth response and biomass production of cyclamen plants 

inoculated with AMF was significantly higher than the non-mycorrhizal control plants, both in 

the presence and absence of the pathogens. Mycorrhization enhanced plants to reduce the 

Fusariam wilt and anthracnose incidence compared to non-mycorrhizal controls. In every case, 

without and with pathogen association, plants inoculated with AMF increased the antioxidants

production compared to control plants. The results demonstrate that AMF have the ability to 

induce resistance against Fusarium wilt and anthracnose in cyclamen by increasing the 

antioxidative activity in plants, which promoted plant growth, biomass production and 

drastically reduced the disease incidence in cyclamen. 
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CHAPTER 1 

General Introduction  

In nature, plants have to face a series of biotic and abiotic stress factors. Thus 

production of plants with enhanced yields without proper management is difficult. 

There are increasing environmental concerns over the widespread use of biocontrol 

measures in general and alternatively, more sustainable methods to cope with stresses 

are now being preferred. Different approaches are used for prevention and control of 

both biotic and abiotic stress factors for sustainable plant production. Among all of 

these alternatives the most obvious and apparently biological control is a potent means 

of reducing the damage caused by stress factors. The potential agents for biocontrol 

activity are rhizosphere-competent soil microbs, which are capable of inducing growth 

responses by either controlling minor pathogens or by producing growth-stimulating 

factors. 

Mutually beneficial interactions between plants and microbs are frequent in 

nature. Common benefits for the plant are improved plant nutrition and or increased 

capability to cope with adverse conditions. Several authors reported a higher tolerance

of mycorrhizal plants to both biotic (pathogen infection) and abiotic (drought, salinity, 

heavy metal toxicity, high and low temperature stress etc) stresses. In the case of 

arbuscular mycorrhizal (AM) associations, the symbiosis alter plant physiology, leading 

to a better mineral nutrition and to increased resistance/ tolerance to biotic and abiotic 

stress. It is widely accepted that AM symbiosis reduce the damage caused by soil-borne 
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pathogens in plants (Whipps, 2004). Furthermore, the symbiosis can also impact plant 

interactions with above ground attackers.  But the outcome of those interactions is not 

clear enough to easily understand the mechanism underlaying to the resistance 

development in host plants. Mutual benefits are the basis of the evolutionary success of 

the interactions. In host plant, this regulation implies remarkeable changes in primary 

and secondary metabolism and regulate the plant defense mechanisms, which have 

. However, the 

exact mechanisms involved for host resistance development is not clearly explained for 

mycorrhizal symbiosis. Therefore, understanding the effect of AMF on host plant 

resistance/tolerance development under stress condition is necessary and as a 

consequence we set our specific objectives as below  

1. To determine the effects of AMF (Glomus fasciculatum) on growth, reactive 

oxygen species (ROS) metabolism and changes in antioxidative activity in 

cyclamen under heat stress (HS) condition as well as to better understand heat 

tolerance mechanisms in mycorrhizal plants. 

2.  To understanding the effect of AMF on ROS metabolism and antioxidative 

activity of plants under pathogen (Fusarium oxysporum and Colletotrichum 

gloeosporioides) infection condition.  

3. To determine the different morphological and physiological adaptations in 

mycorrhizal cyclamen under hot summer season to better understand the 

efficacy of AMF as a biocontrol agent to combat high temperature stress under 

green-house condition in cyclamen. 
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CHAPTER 2 

General Methodology 

2.1 Colonisation 

The process starts with germination of fungal spores and hyphal ellongation started 

towards the root cell. Subsequently, appressoria (swallowen structure formed at the tip 

of fungal hyphe) are developed to easily penetrate into the root surface and colonizes 

the intracellular space of root cortex. In the root cortex hausteria like structure are 

formed called arbuscule which is known as the nutrient exchange site between the host 

plant and the mycorrhizal fungi. Fig.2.1 showes the steps involve in root colonization of 

AMF and the cyclamen root colonization rate that we observed in our study. 

2.2 Antioxidative analysis  

Reactive Oxygen Species (ROS) are formed in biological systems as part of normal 

metabolism. Adverse environmental factors like heat stress, drought, salinity, disease 

and pathogen infection in plants result in increased levels of ROS that are detrimental to 

the plant (Tonou et al. 2009) to avoid damage caused by these excess ROS. Plants have 

developed elaborate mechanisms to manage them at sustainable levels. Antioxidative 

enzymes play an important role in lowering the ROS levels and helping avoid oxidative 

stress. SOD, APX, catalase, glutathion reductase play a vital role in combating oxidative 

stress. Different non-enzymatic antioxidant compounds such as, ascorbic acid and 

polyphenol contents also have a major role to limiting oxidative stress in plants during 
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stress condition. Measuring these antioxidative activities spectrophotometrically 

provides researchers an easy and precise way to study and understand an important part 

of the defense against oxidative stress. This section provides the details of the assayes 

we used to determine the antioxidative activities spectrophotometrically. Antioxidant 

activity (both enzymatic and non-enzymatic) responses to moderate biotic and abiotic 

stress were studied. All assays were calculated using cyclamen plant tissue. The 

protocol that we used in our experiments to calculate the value of antioxidative activity 

(SOD, APX, polyphenol content, ascorbic acid content) and DPPH radical scavenging 

activity is given below. All the protocols were followed throughout the experimental 

period and the total SOD activity was measured according to Beyer and Fridovich 

(1987) after a little modifications (Fig. 2.2). The ascorbate peroxidase (APX) activity 

was estimated according to Nakano and Asada (1981) (Fig. 2.3). The ascorbic acid 

Fig. 2.1 Steps involved in mycorrhizal root colonisation (a) and the arbuscule observed 

inside the root cortex of cyclamen during experiment (b). 

Spore 

Hypha 

Appressorium 

Elongated hypha 

1. Hyphal elongation  

Arbuscule 

2. Appressorium 
formation 

3. Hyphal elongation 
inside of cortex  

4. Arbuscule formation  

b a 
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content was analysed as previously described by Mukherjee and Choudhuri (1983) with 

some modifications (Fig. 2.4). The spectrophotometric method of MacDonald et al. 

(2001) was adopted for the determination of the polyphenol contents in the prepared 

extracts (Fig. 2.5) and the DPPH radical scavenging activity test was performed in 

accordance with Burtis and Bucar (2000) with some modifications (Fig. 2.6). 
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50 mM Sodium Carbonate buffer  2.3 ml 

1.0 mM NBT Solution 0.1 ml 

Test tube Test tube (blank) 

4.0 mM  xanthine 0.1 ml 

Measurement of absorbance with spectrophotometer @560 nm  

14 mM Copper chloride 0.2 ml 

30 min keep in room temperature 

Xanthine Oxidase (100 times dilution with distilled water) 0.1 ml 

Extracted 
enzyme 
0.1 ml 

Distilled 
water    
0.1 ml 

0.15% BSA Solution 0.1 ml 

3.0 mM EDTA solution 0.1 ml 

  Fig. 2.2 Protocol for SOD analysis assay 
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               Fig. 2.3 Protocol for APX analysis assay 

Test tube 

50 mM H2PO4 buffer  3ml 

10 mM Ascorbic Acid 0.2 ml 

Extracted/rough enzyme liquid 0.2 ml 

10 mM H2O2 0.2 ml 

Measurement of absorbance with spectrophotometer @290 
nm wavelength  

Keep 1 min. 

 Measurement of absorbance with spectrophotometer 
@290 nm wavelength 
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          Fig. 2.4 Protocol for Ascorbic acid analysis assay 

Extracted enzyme 0.5 ml 

                                     0.03% DCIP solution 0.5ml 

                 2% thiourea- 5% metaphosphoric acid solution 0.5ml 

0.2% DNP Solution 0.25 ml 

In water bath at 50 °C, 70 minutes (or at 37 °C, 3 hrs)  

Test tube Test tube (blank) 

85% sulphuric acid 1.25ml 

Measurement of absorbance with spectrophotometer @ 520 nm  

Keep at room temperature for 30 minutes (in dark place) 

2% DNP solution 0.25ml 
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Distilled water 4 ml 

Extraction enzyme 0.25 ml 

Saturated sodium carbonate solution  0.5 ml 

30 degrees Celcius, 30 minutes (in dark room)  

Test tube (blank) Test tube 

Measurement of absorbance of the reaction mixture with 
spectrophotometer @700 nm wavelength 

Distilled water 0.25 ml Folin  Denis solution 0.25 ml 

      Fig. 2.5 Protocol for polyphenol content assay 
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   Fig. 2.6 Protocol for DPPH radical scavenging activity analysis assay 

DPPH-MES buffer- ethanol mix solution 2.7 ml 

Extracted enzyme 0.15 ml 

30 degrees Celcius, 30 minutes (in dark room)  

Test tube (blank) Test tube 

Measurement of absorbance of the reaction mixture with 
spectrophotometer @520 nm wavelength 

80% ethanol 0.9 ml 80% ethanol 0.75 ml 
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Chapter 3 

Influence of Arbuscular Mycorrhiza on the 

Growth and Antioxidative Activity in Cyclamen 

under Heat Stress 

3.1 Summary 

The influence of the arbuscular mycorrhizal fungus (AMF), Glomus fasciculatum, on 

the growth, heat stress responses and the antioxidative activity in cyclamen (Cyclamen 

persicum Mill.) plants was studied. Cyclamen plants (both inoculated and non-

inoculated with AMF) were placed in commercial potting media at 17 20°C for 12 

weeks in a greenhouse and subsequently subjected to a growth chamber under different 

temperature conditions. Initially, the plants were grown at 20°C (constant) for 4 weeks

as a no heat stress (HS-) condition, followed by 30°C (constant) for another 4 weeks as 

a heat stress (HS+) condition. Different morphological and physiological growth 

parameters were compared between AMF-inoculated and non-inoculated (control) 

plants. AMF symbiosis markedly enhanced biomass production and HS+ responses in 

plants compared with the control plants. The severe leaf-browning rate (80-100%) was 

observed in the control plants, whereas the mycorrhizal plants showed a minimum rate 

of leaf browning under HS+ conditions. The AMF-inoculated plants showed an increase 

in the activities of different antioxidative enzymes, such as superoxide dismutase and 
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ascorbate peroxidase, and the ascorbic acid and polyphenol content was also increased 

in these plants. The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity 

also showed greater responses to antioxidants in mycorrhizal plants than in the control 

plants under each temperature condition. The results indicate that AMF alleviates the 

heat stress damage on cyclamen plants through increased antioxidative activity in 

plants, and the AMF association strongly enhanced temperature stress tolerance in 

cyclamen plants, which promoted plant growth and increased the host biomass under 

heat stress. 

3.2 Introduction 

Cyclamen (Cyclamen persicum Mill.) is a popular potted flowering plant used as a cut 

flower (Karlsson and Werner 2001b; Yesson and Culham 2006). This bulbous plant is 

native to the Mediterranean region (Elmer and McGroven 2004) and has a longer 

growing season. Temperature is one of the most important environmental factors that 

affect the growth, development and distribution of cyclamen plants (Yesson and 

Culham 2006). Cyclamen plants are highly susceptible to various temperature 

conditions, and the recommended temperature for cyclamen production from seeding to 

the appearance of the flower bud is 20°C (Ball 1991). The cyclamen leaf-unfolding rate 

increases with increasing temperature to an optimum 19°C (Karlsson and Werner 

2001a). A reduced temperature is expected to improve the plant quality, post-harvest 

life, flower colour and size without adversely affecting time to flower, and temperatures 

lower than 20°C improve the post-production and marketing quality of cyclamen plants 

(Karlsson and Werner 2001a). However, garden type cyclamens are intolerant to high 

temperatures, and their growth is stunted during the summer in southwest Japan (Goto 
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et al. 2011). In recent years, global temperatures have sharply varied due to climate 

changes, which severely affects cyclamen production across the globe (Yesson and 

Culham 2006). Hence, human activity and the threat of global warming induced through 

the greenhouse effect have made plant responses to high temperatures a major area of 

concern. 

With the recent advent of global warming, heat stress has become a curse to crop 

production. Extensive research is being conducted worldwide to develop strategies to 

cope with abiotic stresses through the development of heat and drought tolerant varieties, 

shifting crop calendars and resource management practices, etc. (Venkateswarlu and 

Shankar 2009). While most of these practices are time consuming and costly, recent 

studies indicate that microorganisms help crops cope with abiotic stresses (Grover et al. 

2011). Therefore, arbuscular mycorrhizal fungi (AMF) have received considerable 

attention from crop scientists due to its numerous benefits to host plants. Arbuscular 

mycorrhizal (AM) symbiosis is formed between the roots of the majority of terrestrial 

plants (Smith and Read 2008; Zhu et al. 2010b), and fungi of the phylum 

glomeromycota reduce environmental stress for the host plant (Baumann et al. 2005). 

AMF are obligate symbionts that acquire carbon from their host plant for the 

completion of their life cycle (Bago et al. 2000). In return, the fungus provides multiple 

benefits to the host plant, including enhanced water and mineral nutrition absorption 

and tolerance to different environmental stress factors (Smith and Read 2008). AMF 

association stimulates plant growth in soils and substrates with lower fertility through 

improving nutrient (phosphorous) uptake in host plants (Smith and Read 2008) and 

enhancing plant tolerance to various abiotic stresses, such as high or low temperature 
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(Miransari et al. 2008; Zhu et al. 2010b), drought (Augé 2001), salinity, (Ben Khaled et 

al. 2003) etc. Studies concerning AMF association with cyclamen have rarely been 

reported. However, studies concerning the influence of mycorrhizal association on the 

growth of cyclamen plants under stress conditions or the elucidation of the mechanisms 

underlying tolerance development have not been reported.  

Heat stress is defined as a rise in temperature beyond a threshold level for a 

period of time sufficient to cause irreversible damage to plant growth and development 

(Wahid et al. 2007). In general, a transient elevation of typically 10 15°C above the 

ambient temperature is considered as heat stress. Heat is a complex function of the 

intensity (temperature in degree), duration and rate of increase in temperature. Heat 

stress due to high ambient temperatures is a threat to crop production worldwide. When 

a plant undergoes heat stress, several toxic reactive oxygen species (ROS) are generated 

in cells during the process of cell metabolism, and the oxidative stress caused by these 

ROS is one of the major damaging factors in plants (Wahid et al. 2007). Under extreme 

abiotic stress conditions, high levels of ROS production might lead to cell death as a 

result of oxidative processes, such as membrane lipid peroxidation, DNA/RNA nicking, 

protein denaturation and enzyme inhibition (Tonou et al. 2009). To limit oxidative 

damage under stress conditions, plants have developed a series of detoxification systems 

involving several antioxidative enzymes, such as superoxide dismutase (SOD), 

ascorbate peroxidase (APX), peroxidase (POD), catalase (CAT), glutathione reductase 

(GR) and low molecular weight antioxidant compounds, such as ascorbic acid, 

glutathione and different polyphenols (Asada 1999; Sairam 2000; Zhu et al. 2010b). 

AM symbiosis alters plant physiology under stressful conditions to cope with stresses 
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(Miransari et al. 2008). AMF-protected host plants against oxidative damages through 

increasing antioxidant activities in soybean (Porcel et al. 2003), shrub (Alguacil et al. 

2003), asparagus (Nahiyan and Matsubara 2012), maize (Zhu et al. 2011), and 

strawberry (Matsubara 2010). However, the mechanisms underlying the influence of 

AM symbiosis on the ROS metabolism of host plants under heat stress remain 

undefined. Therefore, understanding the effect of AMF on ROS metabolism and the 

antioxidative activity of plants under heat stress is important.  

The objective of this study was to determine the differential responses of 

mycorrhizal and non-mycorrhizal plants to heat stress. Specifically, plant growth and 

changes in the antioxidative activity in cyclamen were assessed to better understand 

heat tolerance mechanisms in mycorrhizal plants.  

3.3 Materials and methods 

3.3.1 Plant materials, growth conditions and AMF 

inoculations 

The 3 month old seedlings of cyclamen (Cyclamen persicum Mill cv. Pastel) plants 

were sown in plastic pots (7.5 cm in diameter) containing commercial potting media 

(peat moss mixed) after autoclaving (121°C; 1.2 kg/ cm2; 15 min). The seedlings were 

inoculated with AMF (3 g/plant) inoculum for mycorrhizal plants and an equal amount 

of autoclaved inoculum for the nonmycorrhizal (control) plants. A commercial AMF 

inoculum was obtained from Idemitsukosan Co. Ltd. (Tokyo, Japan), containing the 

species Glomus fasciculatum (spore density is unknown). The mycorrhizal and 
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autoclaved inocula were placed at 4 cm below the tuber prior to planting the seedlings. 

The plants were transferred into poly silver pots (9 cm in diameter) after 12 weeks of 

AMF inoculation. The plants were fertilised monthly using a slow release granular 

fertiliser (N:P:K= 5:10:15, Ube Industries Ltd., Japan). 

3.3.2 Experimental design 

The experiments were conducted using two mycorrhizal treatments (non- mycorrhizal 

as control and Glomus fasciculatum-inoculated as AM plant) under two temperature 

conditions (no heat stress at 20°C and heat stress at 30°C). A completely randomised 

design with four replicates was used. Both temperatures were maintained under growth

chamber conditions. Before that the plants were initially grown in a greenhouse at 17

20°C with 14 hrs daylight and 60 70% relative humidity for 12 weeks. After 

transferring to a growth chamber, the plants were alternatively grown at 20°C for 12 hrs 

(day and night conditions) at a 60% moisture level for 4 weeks for the no heat stress 

(HS-) condition. Subsequently, the temperature was increased to 30°C constantly for 

day and night conditions for the heat stress condition (HS+), keeping all other 

conditions the same for another 4 weeks. 

3.3.3 Evaluation of AMF colonisation level 

The level of AMF colonisation was assessed after 14, 16 and 20 weeks of AMF root 

inoculation. The roots were sampled and stained according to Phillips and Hayman 

(1970), and the ratio of AM fungal colonisation in 1-cm segments of the lateral roots 

(RFCSL) was calculated. Hence, the RFCSL represents the percentage of 1-cm AMF-
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colonised segments, and approximately 50 samples of 1-cm segments were examined 

per plant. The average was calculated from the values of 4 plants each time. 

3.3.4 Plant biomass and heat stress symptom observation 

The dry weight of the leaves, roots and tubers of every 4 plants were assessed under 

both HS- and HS+ conditions. The total dry weights of the samples were determined 

after oven drying at 100°C for 24 hrs. In addition, the different morphological growth 

parameters, such as plant height, total number of leaves/plant, maximum size of the 

leaves/plant, total number of roots/plant, etc. were measured, and the rate of leaf 

browning, as a heat stress symptom in plants, was also determined. The leaf browning 

was determined based on the symptoms (yellowing of leaves) appearing on the leaves of 

the plants. The leaves of the plants were divided into three groups: (i) whole green 

leaves, (ii) half-browned leaves, and (iii) full-browned leaves. Subsequently, the 

percentage of leaf browning of a plant was calculated, and the rate of leaf browning was 

categorised into five groups: (i) 0% as no browning; (ii) 20% as less than 20% 

browning; (iii) 20% 40%; (iv) 40% 80%; (v) 80% 100% browning. 

3.3.5 Analysis of antioxidative abilities 

Different antioxidative enzymes, such as superoxide dismutase (SOD) and ascorbate 

peroxidase (APX), non-enzymatic antioxidant compounds (ascorbic acid and 

polyphenol) and the total antioxidant activity, i.e., DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical scavenging activity, were analysed twice under both HS- and 

HS+ condition. The total SOD activity was measured according to Beyer and Fridovich 
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(1987), the ability of SOD to inhibit the reduction of nitro blue tetrazolium (NBT) 

through photochemically generated superoxide radicals. The absorbance was recorded 

at 560 nm, and one unit of SOD was defined as the amount of enzyme required to 

inhibit the reduction rate of NBT by 50% at 25°C. The ascorbate peroxidase (APX) 

activity was estimated as the reduction in the absorbance due to ascorbic acid at 290 nm 

according to Nakano and Asada (1981). The 3-ml reaction mixture contained 50 mM 

potassium phosphate buffer (pH 7.0), 0.5 mM ascorbic acid, 0.1 mM EDTA, 0.1 mM 

H2O2 and 0.1 mM enzyme. The reaction was initiated upon the addition of 0.1 mM 

H2O2. A reduction in the absorbance was measured for 60 sec at 290 nm in a 

spectrophotometer (Hitachi U- 1900). The enzymes were extracted using 0.15 g of plant 

sample in 3 ml of phosphoric acid buffer solution. The concentration of the buffer 

solution was 50 mM, pH 7.0. The extract was centrifuged at 12,000 rpm for 12 min at 

5°C. The supernatant was used to analyse the activity of both SOD and APX. The same 

procedure was used to extract the enzyme from the plant sample for the analysis of 

other antioxidants, except different extraction buffers were used. The ascorbic acid 

content was analysed as previously described (Mukherjee and Choudhuri 1983). The 

samples were extracted using 5% metaphosphoric acid at a ratio of 0.15 g/5 ml. The 

absorbance was recorded at 520 nm, and the concentration of ascorbic acid was 

calculated from a standard curve plotted with different known concentrations of 

ascorbic acid. The spectrophotometric method of MacDonald et al. (2001) was adopted 

for the determination of the polyphenol contents in the prepared extracts. Folin Denis 

reagent was used, and a standard calibration curve was prepared using different 

concentrations of quercetin in 80% ethanol (0.02 0.10 mg/ml). The sample extracts 

used to determine the polyphenol contents were prepared using a 0.15-g plant sample in 
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4 ml of ethanol, and the absorbance was measured at 700 nm. The DPPH radical 

scavenging activity test was performed in accordance with Burtis and Bucar (2000). The 

samples were extracted with ethanol at a ratio of 0.15 g/3 ml, and the extracts (150 µl) 

were mixed with 2.7 ml of a 20% ethanol solution of DPPH. After incubating for 30 

min, the absorbance of the samples was read at 520 nm using a (Hitachi U-1900) 

spectrophotometer. 

3.3.6 Statistical analysis 

The data were subjected to the two-sample t-test. The means were compared at the 5% 

level using XLSTAT 2012 pro statistical analysis software (Addinsoft, New York). 

3.4 Results 

3.4.1 AMF root colonisation 

The microscope assessment confirmed that the non-inoculated plants were not colonised 

by AMF. The rate of AMF colonisation was determined after 14, 16 (under HS-

condition) and 20 weeks (at HS+ condition) of AMF inoculation. The AMF colonisation 

rate was 42% after 14 weeks of AMF inoculation and 54% after 20 weeks of AMF 

inoculation. However, the differences observed were not statistically significant (Fig. 

3.1).  
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3.4.2 Effects of AMF on plant growth 

Mycorrhizal (Gf) plants had greater shoot, root and tuber dry weights than the control 

plants under HS- treatment (Fig. 3.2a, b, c). However, under HS+ conditions, the shoot 

dry weight significantly increased in mycorrhizal plants compared with that in the

control plants (Fig. 3.2d), whereas the observed increases in the root and tuber dry 

weights were insignificant (Fig. 3.2e, f). The plant growth (shoot, root, tuber) was 

inhibited under heat stress conditions. The symptoms of temperature stress, such as 

narrow and yellowing leaves, were observed in cyclamen plants under HS+ conditions. 

 

Fig. 3.1  Mycorrhizal root colonisation rate of cyclamen plants after 14, 16 (no heat 

stress condition, HS-) and 20 weeks (heat stress condition, HS+) of Glomus 

fasciculatum (Gf) inoculation. The mean pairs followed by the same letters 

n=4. 

Under similar temperature conditions, the leaf injury was more severe in the control 

plants than in the mycorrhizal plants. Here, the percentage of leaf injury was recorded 

according to the rate of leaf browning (%) both in the control and mycorrhizal plants 

(Fig. 3.3). Different morphological growth parameters, such as plant height, total 

number of leaves/plant, maximum size of the leaves/plant, and total number of 

roots/plant, were also increased in mycorrhizal plants compared with the control plants 

a 
a 

a 

0 

20 

40 

60 

80 

14 16 20 
Weeks after AMF inoculation 

C
ol

on
is

at
io

n 
(%

) 



 21   
 

under both HS- and HS+ conditions (data not shown). Vigorous plant growth was 

observed in mycorrhizal plants compared with that of the control plants under both 

temperature conditions, and severe leaf injury due to heat stress was visible in the 

control plants (Fig. 3.4). 
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Fig. 3.3 Percentage leaf browning in cyclamen plants under heat stress (HS+) at 30°C 

for 4 weeks in control (C) and Glomus fasciculatum (Gf)-inoculated plants. 

Fig. 3.2 Dry weight (DW) of shoots, roots and tubers of control (C) and Glomus 

fasciculatum (Gf)-inoculated cyclamen plants under HS- (a, b, c) and HS+ (d, 

e, f) conditions, respectively. HS- = no heat stress; HS+ = heat stress. The 

data represent the means, and the lines indicate the standard error. The 

asterisks (*) indicate that the values are significantly different between the 

treatments (t test, ); ns= nonsignificant 
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3.4.3 Antioxidative abilities in plants  

The G. fasciculatum root colonisation enhanced the activity of all antioxidants in plants 

under HS- conditions compared with the control plants. However, the plants under HS+ 

Fig. 3.4 Glomus fasciculatum (Gf)-inoculated and control (C) plants under HS- (a) and 

HS+ (b) conditions 
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conditions, plants associated with AMF also showed more antioxidant activity. AMF-

association significantly increased SOD activity in all the plant parts, including the 

leaves, roots and tubers, under both HS- (Fig. 3.5a, b, c) and HS+ (Fig. 3.5d, e, f) 

conditions compared with the control plants. The leaves and tubers exhibited 

significantly different APX activity between the controls and the mycorrhizal plants 

under HS- (Fig. 3.5g, i) and HS+ (Fig. 3.5j, l) conditions. However, the root APX 

activity increased significantly in mycorrhizal associations under HS- conditions (Fig. 

3.5h), whereas the activity of this antioxidant was insignificant under HS+ (Fig. 3.5k) 

conditions. The AMF-association induced ascorbic acid production in plant parts (leaf, 

root, and tuber) under both temperature conditions (Fig. 3.6a, b, c, d, e, f). Similarly, the 

polyphenol contents were also significantly increased in all mycorrhizal plants 

compared with control plants under both HS- (Fig. 3.6g, h, i) and HS+ (Fig. 3.6j, k, l) 

conditions in each of the plant parts. The DPPH radical scavenging activity was also 

increase in AMF-associated plants than in the controls under both temperature 

conditions (Fig. 3.7).  

3.5 Discussion 

Increased tolerance to abiotic stress in plants is necessary to increase productivity under 

conditions of high and low temperatures, high salinity, drought and salt stress 

conditions. In this study, the morphological (data not shown) and physiological 

responses under two different temperature conditions were examined to identify the 

factors responsible for heat stress tolerance in cyclamen plants. Temperature stress 

affects the growth of plants and mycorrhizal symbiosis (Zhu et al. 2010a; Zhu et al. 

2011). High temperature soil conditions affect AMF activity (Martin and Stutz 2004), 
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and many investigations have reported that low temperatures strongly influence AM 

fungal development (Liu et al 2004; Zhu et al 2010a, b).  

Conversely, high temperature stress had a negative effect or no effect on mycorrhizal 

colonisation (Compant et al. 2010). The present study showed that heat stress and time 

intervals had no significant effect on the mycorrhizal colonisation rate, which might 

reflect the selection of newly developed lateral roots for the assessment of colonisation.

Mycorrhizal symbiosis and environmental temperatures can affect the growth of plants. 

The present study showed that cyclamen plants inoculated with Glomus fasciculatum

grew better than the nonmycorrhizal (control) plants under different temperature 

conditions and heat stress. This result is consistent with the data from studies in maize 

(Zhu et al. 2010a), tomato (Latef and Chaoxing 2011), pepper (Martin and Stutz 2004), 

and asparagus (Matsubara and Harada 1996). 
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Fig. 3.5 Superoxide dismutase (SOD) activity in the leaves, roots and tubers of control 

(C) and Glomus fasciculatum (Gf)-inoculated cyclamen plants under HS- (a, b, 

c) and HS+ (d, e, f) conditions, and  ascorbate peroxidase  (APX) activity in the 

same under HS- (g, h, i) and HS+ (j, k, l) conditions, respectively. HS- = no 

heat stress; HS+ = heat stress. The data represent the means, and the lines 

indicate the standard error. The asterisks (*) indicate that the values are 

significantly different between the treatments (t test, ); ns= 

nonsignificant. 
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Fig. 3.6 Ascorbic Acid (AA) content in the leaves, roots and tubers of control (C) and 

Glomus fasciculatum (Gf)-inoculated cyclamen plants under HS- (a, b, c) and 

HS+ (d, e, f) conditions, and  the polyphenol content in the same under HS-

(g, h, i) and HS+ (j, k, l) conditions, respectively. HS- = no heat stress; HS+ 

= heat stress. The data represent the means, and the lines indicate the 

standard error. The asterisks (*) indicate that the values are significantly 

different between the treatments (t test, ); ns= nonsignificant. 
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 Heat stress has been reported as one of the most important causes of reductions 

in yield and dry biomass production in many crops. High temperatures and radiation 

limit plant productivity through direct effects on the biological processes of a plant. The 

temperature also influences nutrient uptake and the substrate mineralisation rate through 

microbes (Weih and Karlsson 1999). In the present work, the AMF benefits under heat 

stress were defined as the biomass ratio and percentage of leaf browning between 
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mycorrhizal and control plants. The AMF colonisation significantly increased dry 

matter production in the shoots under both HS- and HS+ conditions, but after HS+ 

treatment, the dry weight was insignificant in the roots and tubers. Notably, the effect of 

AMF on dry matter, under both HS- and HS+, was more pronounced in aerial biomass 

than in the root and tuber biomasses, potentially reflecting mycorrhizal colonisation 

through a proportionally greater allocation of carbohydrates to the shoot than to root and 

tuber tissues (Shokri and Maddi 2009). The leaf browning percentage was also more 

reduced in the AMF plants than in the controls. We proposed that increased shoot 

biomass due to enhanced carbohydrate production might be correlated with the reduced 

browning rates in the leaves of mycorrhizal plants than in those of the control plants 

under HS+ conditions. 

Diverse environmental stresses differentially affect the plant processes that 

lead to the loss of cellular homeostasis, accompanied by the formation of reactive 

oxygen species (ROS), which causes oxidative damage to the membrane, lipids, 

proteins and nucleic acids (Jaleel et al. 2009). Temperature stress causes physiological 

disorders in plants, and induces the production of ROS (Mittler 2002). Plants induce 

effective antioxidant systems for protection against oxidation damage. The antioxidant 

defence systems include enzymatic and non-enzymatic antioxidants, where SOD and 

APX are the important enzymatic antioxidants and ascorbic acid and polyphenol are the 

effective nonenzymatic antioxidants, as these antioxidants efficiently prevent the 

accumulation of O2
-, H2O2 and minimise the deleterious effects of ROS (Jaleel et al. 

2009; Latef and Chaoxing 2011; Zhu et al. 2010a, b). The increased expression of 

different antioxidants in mycorrhizal plants compared with the controls under both the 

temperature treatments were observed in this study. Tolerance to heat stress in crop 
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plants has been associated with an increase in antioxidant enzyme activity (Sairam et al. 

2000). In the present study, under HS+ conditions, a considerable and significant 

increase in the activity of SOD was observed in all mycorrhizal plants. A greater 

increase in leaf and tuber APX was also observed in mycorrhizal plants compared with 

that in the controls. Both SOD and APX were increased in mycorrhizal plants under 

HS+, consistent with the results of previous studies obtained for the leaves and roots of 

citrus seedlings colonised by G. versiforme during drought (Wu et al. 2006), the shoots 

of tomatoes colonised by G. intraradices subjected to NaCl salinity (Hajiboland et al. 

2010), leaves of tomato colonised by G. mosseae under low temperature stress (Latef 

and Chaoxing 2011) and from leaves and roots of maize colonised by G. etunicatum

during temperature stress (Zhu et al. 2010a). Furthermore, this induction was not 

observed in soybean roots colonised by G. mosseae under drought stress conditions 

(Porcel et al. 2003). Therefore, the effect of AMF on different plants is not always the 

same.  

Ascorbic acid is one of the most extensively studied antioxidant compounds in 

plant cells (Borland et al. 2006), which is involved in cell expansion (Horemans et al. 

2000; Tabata et al. 2001), cell division and growth (Horemans et al. 2000; Potters et al. 

2002), defence (Horemans et al. 2000; Noctor 2006) and antioxidant metabolism 

(Noctor 2006). Ascorbic acid also serves as a co-factor for many enzymes, including 

ascorbate peroxidase (Noctor 2006). In plant cells, the most important reducing 

substrate for H2O2 removal is ascorbic acid (Wu et al. 2007). In the present 

investigation, the AMF colonisation significantly increased the ascorbic acid content in 

cyclamen plants under both temperature conditions compared with the control plants. 

Previous studies of asparagus subjected to biotic stress also showed that AMF 
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colonisation increased the ascorbic acid content in plants (Nahiyan and Matsubara 

2012). Polyphenols are excellent oxygen radical scavengers because the electron 

reduction potential of the phenolic radical is lower than the electron reduction potential 

of oxygen radicals (Grace 2005) and also because phenoxyl radicals are typically less 

reactive than oxygen radicals (Bors et al. 1994). Therefore, phenolic compounds 

scavenge reactive oxygen intermediates without promoting further oxidative reactions 

(Grace 2005). In the present study, we showed that mycorrhizal plants produce higher 

polyphenols than the control plants under both temperature conditions. Matsubara 

(2010) also reported that mycorrhizal strawberry enhanced the production of polyphenol 

and ascorbic acid compared with non-mycorrhizal strawberry leaves under heat stress 

conditions.  

Antioxidant compounds, such as polyphenols, ascorbic acid, phenolic acids, 

flavonoids, etc., scavenge free radicals, such as peroxide, hydroperoxide or lipidoxyl, 

and inhibit the oxidation in plant cells (Marxen et al. 2007). There are several analytical 

methods, which are routinely used to evaluate the capacity of antioxidant compounds in 

biological systems (Prior and Cao 1999). Among them, the DPPH procedure is 

commonly used to measure the free radical scavenging capacity of total antioxidants 

(Sánchez-Moreno et al. 1999). DPPH radical scavenging activity is a rapid, simple and 

inexpensive method to measure antioxidant capacity in biological compounds and 

involves the use of the free radical DPPH (Marxen et al. 2007). The results in the 

present study showed that mycorrhizal cyclamen induced higher DPPH radical 

scavenging activity under both HS- and HS+ conditions. Thereafter, the increased 

DPPH radical scavenging activity also supported the enhancement of antioxidative 

activity of the plant samples in this experiment. Several studies have also reported an 
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increase in DPPH radical scavenging activity in mycorrhizal asparagus under biotic 

stress (Nahiyan and Matsubara 2012) and in maize under salt stress conditions (Hichem 

et al. 2009).  

In this work, the increased activity of enzymatic antioxidants and higher 

production of non-enzymatic antioxidant compounds in mycorrhizal plants compared 

with control plants were associated with the higher plant biomass, indicating lower 

oxidative damage in the colonised plants under heat stress conditions. Although AMF 

symbiosis affects antioxidant production, the exact mechanisms involved remain 

unclear. Thus the results of the present study have shown that the growth of mycorrhizal 

plants was more vigorous than that of control plants, while the antioxidant production 

was higher in AM plants. Indeed, plant size affects the overall plant physiology. 

Alguacil et al. (2003) reported that AMF inoculation increased the activities of several 

antioxidants, which was associated with AMF-induced increases in shoot biomass and 

phosphorus or nitrogen. Thus, the presence of higher amounts of antioxidants in AM 

plants could be associated with plant growth or plant nutrition. The results therefore 

implied that AMF colonisation could alleviate ROS damage, protect plants against 

oxidation and improve heat tolerance in cyclamen plants. Moreover, the increased 

activity of some antioxidants may reflect the non-specific defence responses of plants 

under heat stress. Hence, further experiments and the index measurement of oxidation 

damage in plants are needed to obtain a better understanding of the actual function of 

AMF in ROS metabolism and antioxidant production under heat stress. 

In conclusion, AMF colonisation enhances both the activities of antioxidant 

enzymes (SOD and APX) and the levels of non-enzymatic antioxidants (ascorbic acid 

and polyphenols) in cyclamen plants. The DPPH radical scavenging activity promotes 
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increased antioxidant production in mycorrhizal plants under ambient and heat stress 

conditions. The overall plant growth and heat stress tolerance was enhanced in AM 

plants, indicating the beneficial effects of AMF under adverse climatic conditions in 

cyclamen production. 
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Chapter 4 

Tolerance to Fusarium Wilt and Anthracnose 

Diseases and Changes of Antioxidative Activity in 

Mycorrhizal Cyclamen  

4.1 Summary 

Mycorrhizal associations imply a remarkable reprogramming of functions in both plant 

and fungal symbionts. This consequent alteration on plant physiology has a clear impact 

on the plant responses to biotic stress management. As a consequence, a pot experiment 

was conducted to study the interactions between the arbuscular mycorrhizal fungus 

(AMF) Glomus fasciculatum and the two pathogens Fusarium oxysporum and 

Colletotrichum gloeosporioides and subsequent effect on growth, disease tolerance and 

the changes in antioxidative ability in cyclamen plants under growth chamber condition 

were investegated. At plant maturity, inoculation with F. oxysporum and C. 

gloeosporioides, responsible for Fusarium wilt and anthracnose of cyclamen 

respectively, significantly reduced shoot and root dry weights, increased both the 

disease incidence percentage and showed lower antioxidative activity viz. superoxide 

dismutase (SOD), ascorbate peroxidase (APX), ascorbic acid (AA) and polyphenol 

contents in plants. In contrast, the growth response and biomass production of cyclamen 

plants inoculated with AMF was significantly higher than the non-mycorrhizal control 

plants, both in the presence and absence of the pathogens. Mycorrhization enhanced 
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plants to reduce the Fusariam wilt and anthracnose incidence compared to non-

mycorrhizal controls. In every case, without and with pathogen association, plants 

inoculated with AMF increased the antioxidant (SOD, APX, AA and polyphenol) 

production compared to control plants. The results demonstrate that AMF have the 

ability to induce resistance against Fusarium wilt and anthracnose in cyclamen by 

increasing the antioxidative activity in plants, which promoted plant growth, biomass 

production and drastically reduced the disease incidence in cyclamen. 

4.2 Introduction  

Cyclamen is a herbaceous perennial used as a flowering pot plant (Karlsson and 

Werner 2001b; Elmer and McGovern, 2004). In the genus Cyclamen, Cyclamen 

persicum Mill is the major species that has been used for commercial cultivation 

(Ishizaka et al., 2002). It is the most economically important flowering crop in different 

temperate countries throughout the world (Takamura, 2007). Cyclamen has a longer 

growing season and began to be a popular commercial plant in the nineteenth century. 

Currently with the increasing incidence of different biotic (pathogen, pests, nematodes 

etc) and abiotic (heat, salinity, drought etc) stresses, quality flower production is 

hampered day by day (Grover et al., 2011; Maya and Matsubara, 2013a). Among all the 

biotic stress agents Fusarium oxysporum, responsible for Fusarium wilt in cyclamen, is 

one of the highly destructive soil-borne pathogen which can economically limit the 

production of quality cyclamen (Elmer and McGovern, 2004). The disease has been 

reported in almost all the cyclamen producing regions in the world and the damage 

caused by this disease has steadily increased with many other production facilities 

(Elmer and McGovern, 2004). Apart from this, another emerging biotic stress agent for 
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commercial cyclamen production is Colletotrichum gloeosporioides responsible for 

anthracnose in cyclamen (Maya et al., 2013). Anthracnose symptoms consist of 

extensive lesions on aerial parts of the plant. Rounded irregular dark brown spots 

develop on leaves and later the necrotic centers of leaf lesions fill out in many mature 

leaves which cause great loss in marketable plant production. Recently C. fragariae was 

also reported as anthracnose causing agent of cyclamen in North Carolina (Liu et al., 

2011). 

Adequate control strategies are yet to be identified for Fusarium wilt and 

anthracnose of cyclamen. There are no commercially resistant cultivars currently 

available and the fungicides presently used have very poor curative properties against 

the disease. Only few studies have been conducted to control soil-borne diseases in 

cyclamen (Elmer and McGovern, 2004; Someya et al., 2000) while researches 

corresponding to anthracnose control are rarely reported for cyclamen. Furthermore, 

agrochemicals have negative impact on human health and ecosystem. Therefore, it is 

very urgent to develop a sustainable ecofriendly strategy to overcome all the biotic 

stresses in quality cyclamen production as well as safe agricultural production. 

Recent studies regarding stress management in plants indicate microorganisms 

can help plants to cope with biotic stresses (Jung et al., 2012). Thus, arbuscular 

mycorrhizal fungi (AMF) have drawn a considerable attention to many crop scientists 

for its numerous benefits to host plants. AMF are obligate biotrophs that require host 

plant to complete their life cycle. The fungus colonizes the root cortex and forms 

intracellular structure called arbuscule, as a nutrient exchange site between the partners. 

The extracellular hyphal network spreads into the surrounding soil, thereby reaching out 
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the nutrient depletion zone and improving the supply of inorganic nutrients specially 

phosphate to host plant (Smith et al., 2011). In return the heterotrophic fungal partner 

receives carbon from the host plant to complete their life cycle (Smith and Smith, 2011). 

Mutual benefits between host-AMF interactions are a basis of evolutionary success, 

ensured through a tight bidirectional control of the mutualism (Kiers et al., 2011). In 

host plant, this regulation helps to changes in the plant primary and secondary 

metabolism and regulates the plant defence mechanism (Hause and Fester, 2005). These 

changes have a great impact on plant physiology which alters plants ability to cope with 

the stress factors. Several authors earlier reported a higher resistence of mycorrhizal 

plants to a wide range of below ground attackers such as soil-borne fungi, bacteria and 

nematodes etc. (Whipps, 2004; Li et al., 2006). Recently AMF-induced resistance 

against shoot pathogens has also been noticed in various agricultural crops (Koricheva 

et al., 2009; Campos-Soriano et al., 2012). Apart from this, the AMF-symbiosis has 

become a focal point of research as an alternative to agrochemicals in sustainable 

agriculture (Mukerji and Ciancio, 2007; Akhtar and Siddiqui, 2008; Fester and Sawers, 

2011). However, the utilization of AMF to control Fusarium wilt and anthracnose of 

cyclamen have never been reported except an earlier study of Maya et al. (2013) where 

the efficacy of AMF to control anthracnose in cyclamen was confirmed for the first time. 

Plants are consistently exposed to microorganisms and evolved different 

strategies to defend them against pathogen infection. A general and early defence 

mechanism triggered off by plants after a pathogen attack is the production of reactive 

oxygen species (ROS) due to cell metabolism (Lamb and Dixon, 1997). In order to limit 

oxidative damage, due to high ROS level in cell under stress condition, plants have 
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developed a series of detoxification system through changing the antioxidative ability of 

plant cell (Asada, 1999). Several reports indicated that the symbioses established 

between AMF-host interactions also triggered similar host defense responses upon 

pathogen infection (Gianinazzi-Pearson et al., 1996). Some research articles pointed that 

mycorrhizal plants have shown minor susceptability to pathogen attack viz: in tomato 

(Pozo et al., 1999) and in chili (Alejo-Iturvide et al., 2008) plants against Phytophthora 

spp, in cucumber against F. oxysporum f.sp. cucumerinum (Hu et al., 2010) and in 

cyclamen against C. gloeosporioides (Maya et al., 2013). How AMF may affect the 

tolerance against plant pathogens remain unclear, but some compounds and enzymes 

involved during the symbiosis may be responsible in the protection of subsequent 

infections. Therefore, understanding the effect of AMF on ROS metabolism and 

antioxidative activity of plants under biotic stress condition is necessary for the 

exploitation of mycorrhizal fungi within organic and /or sustainable farming system. 

This study focuses on plants growth, disease tolerance and the changes in 

antioxidative abilities of mycorrhizal plants after the infection with F. oxysporum and C. 

gloeosporioides to observe the utility of AMF as a protective biocontrol agent against 

soil-born pathogen as well as shoot pathogen in commercial cyclamen production. 

 4.3 Materials and methods  

4.3.1 Plant material and mycorrhizal inoculation 

Cyclamen (Cyclamen persicum Mill., cv. Pastel) seeds were germinated in trays with 

sterile peat moss, perlite and sand mix in a ratio of (1:1:1) equal volume and 3 months 
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later seedlings were replanted in plastic pots (7.5 cm diameter) containing autoclaved 

(121° C, 1.2 kg/cm2, 15 min) commercial potting media (peat moss mixed). During 

transplanting plants were inoculated with commercial AMF inoculum supplied by 

Idemitsukosan Co. Ltd, Tokyo, Japan. The AMF inoculum was composed of Glomus 

fasciculatum with unknown spore density. This AMF (G. fasciculatum) was termed as 

one of the best AMF species for cyclamen from an earlier screening of 4 different AMF 

species reported by Maya et al. (2013). However, AMF inocula (3g/plant) were placed 4 

cm below the tuber of cyclamen seedlings for mycorrhiza associated plants and 

sterilized inocula for nonmycorrhizal (control) plants, and plants were retransfered into 

poly silver pot (9 cm diameter) after 12 weeks of AMF inoculation. 

4.3.2 Pathogen inoculation 

Initially the isolates of F. oxysporum MAFF 712100 (Fo) and C. gloeosporioides MAFF 

744024 (Cg) were collected from the Ministry of Agriculture, Forestry and Fisheries, 

Japan. Both the isolates were grown in potato dextrose agar (PDA) medium and were 

incubated at 25° C. The Fo isolates were subcultered into PDA medium and the conidia 

were harvested into potato sucrose (PS) liquid medium and were kept in dark condition 

for 7 days to get abundant sporulation. Later, the conidial suspension was sieved and 

adjusted to 106 cfu/ml and finally, 14 weeks after AMF inoculation, 50 ml suspension 

was poured in each pot soil for Fusarium wilt challenged treatment. On the other hand, 

Cg isolates were also subcultered into PDA medium and kept for 7-10 days at 25° C in 

dark condition for more sporulation. The spore concentration was adjusted to 105 cfu/ml 

using sterile distilled water. Later, the shoots of each plant under anthracnose 

observation was sprayed with 10 ml Cg suspension after 14 weeks of AMF inoculation. 
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Thereafter, the symptoms were checked both for Fusarium wilt and anthracnose 

diseases after 6 weeks of pathogen inoculation in plants.     

4.3.3 Experimental design 

The experimental treatments were conducted using two mycorrhizal inocula 

(nonmycorrhizal as control; mycorrhizal as AMF) along with two pathogen (F. 

oxysporum as Fo; C. gloeosporioides as Cg) inoculation. A completely randomized 

design with 6 treatments (control; AMF; Fo; Fo+AMF; Cg; and Cg+AMF) was used 

and the whole experiment was replicated 4 times. Each replication has 60 plants (10 

plants/treatment). The experimental treatments were conducted under growth chamber 

with 22/20°C alternatively 12 hrs (day and night) keeping the moisture level at 60%. 

4.3.4 Plant growth and mycorrhizal colonisation 

The level of AMF colonisation was checked 20 weeks after AMF and 6 weeks after 

pathogen inoculation. Immediately after harvest, the root system was washed carefully 

with tap water and adhering soil particles were removed. Lateral roots were sampled in 

70% ethanol and later stained with trypan blue according to Phillips and Hayman (1970). 

The ratio of AM fungal colonization was checked in 1-cm segments of lateral roots and 

approximately 50 samples of 1-cm segments were checked per plant. The average was 

calculated from the values of 4 plants in each time. Dry weight of shoots and roots were 

determined after drying at 100°C for 24 hours.  
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4.3.5 Disease incidence and severity range assay 

Disease symptoms were checked 6 weeks after pathogen inoculation, both shoots and 

roots were observed for Fusarium wilt symptoms, and for anthracnose symptoms only 

shoot parts were checked. The disease severity in individual plants was rated visually on 

scale of 0-5 viz.  

0: no visible symptoms (healthy plants)   

1: <20% disease symptom (small discolored leaves lesion covering less than 20% of 

total leaves of a plant) 

2: 20-40% disease symptoms (minor small discolored lessions covering 20-40% of 

leaves) 

3: 40-60% disease symptoms (moderate brown lesions in 40-60% of leaves and 15% 

defoliation) 

4: 60-80% disease symptoms (mild wilt discolouration covered 60-80% of leaves 

and more than 50% leaf defoliation in case of Fusarium wilt)  

5: 80-100% disease symptoms (stems and leaves severely affected)    

The individual ratings were converted to mean percent infection using {(sum of 

individual plant rating values*100)/number of plants diseased} and the disease index for 

F. oxysporum and C. gloeosporioides was calculated using the following formula- 

Disease index=  

of plants x maximum level of disease severity)  
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4.3.6 Antioxidative analysis 

Different enzymatic antioxidants such as superoxide dismutase (SOD), ascorbate 

peroxidase (APX) and nonenzymatic antioxidants viz. ascorbic acid and polyphenol 

content were analysed from the samples preserved with liquid nitrogen at -35°C. Total 

SOD activity was measured according to Beyer and Fridovich (1987), the ability of 

SOD to inhibit the reduction of nitroblue tetrazolium (NBT) by superoxide radicales 

generated photochemically. The absorbance was recorded at 560 nm and one unit of 

SOD was defined as the amount of enzyme required to inhibit the reduction rate of NBT 

by 50% at 25°C. APX activity was estimated by observing the decrease in absorbance 

due to ascorbic acid at 290 nm according to Nakano and Asada (1981). The 3 ml 

reaction mixture contained 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM 

ascorbic acid, 0.1 mM EDTA, 0.1 mM H2O2 and 0.1 mM enzyme. The reaction was 

started with the addition of 0.1 mM H2O2. Decrease in absorbance for a period of 1 min 

was measured at 290 nm in a spectrophotometer. Ascorbic acid content was analysed as 

described by Mukherjee and Choudhuri (1983). The absorbance was recorded at 520 nm 

and the concentration of ascorbic acid was calculated from a standard curve plotted with 

different known concentration of ascorbic acid. A spectrophotometric method after 

MacDonald et al. (2001) was adopted for the determination of polyphenol contents in 

the prepared extracts. Folin-Denis reagent was used and a standard calibration curve 

was prepared using different concentrations of querecetine in 80% ethanol (0.02- 0.10 

mg/ ml). Sample extracts were prepared in ethanol at a concentration of 0.15g/ 4 ml and 

the absorbance was measured at 700nm. 
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4.3.7 Statistical analysis 

The data were subjected to two-way analysis of variance using ANOVA. Means were 

STAT 2012 Pro statistical analysis 

software (addinsoft, Newyork). 

4.4 Results 

4.4.1 Mycorrhizal root colonisation 

The microscope assessment confirmed that plants with non-inoculation treatment were 

not colonized by AMF. AMF colonization rate was checked several times after AMF 

inoculation and it was observed that mycorrhizal colonization rate was affected by other 

microorganisms. The percentage of mycorrhizal root colonization was lower in plants 

infected with Fo and Cg, than those for plants inoculated with AMF alone. The 

reduction in AMF colonization was found significantly lower in plants inoculated with 

Fo (Fig. 4.1). Plants without any pathogen inoculation showed the highest rate of 

colonization (64%), 20 weeks after AMF inoculation. 

4.4.2 Plant growth responses 

Shoot and root dry weights (DW) in all mycorrhizal cyclamen plants showed 

significantly higher DW than the control plants. In case of shoot DW, AMF-inoculated 

plants produced greater DW than controls both without and with pathogen inoculation 

condition (Fig. 4.2a). Shoot DW significantly reduced in control plants with Fo and Cg 

association, mycorrhizal plants in association with pathogen also reduced their DW 



 43   
 

comparing to without pathogen treatments, but the difference observed was not 

significant (Fig. 4.2a). On the other hand, concerning root DW, controls always had less 

DW than the AMF-colonized plants both without and with pathogen condition. 

Neverthless, the difference between control and mycorrhized plants with Cg inoculation 

condition was found statistically insignificant whereas, it was found significant with Fo 

inoculation condition (Fig. 4.2b). 
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Fig. 4.2  Dry weight (DW) of shoots (a) and roots (b) of cyclamen plants both without 

and with Fusarium oxysporum (Fo) and Colletotrichum gloeosporioides (Cg) 

association, inoculated with Glomus fasciculatum (AMF) and control (C). 

Fo-Cg- = 20 weeks after AMF inoculation without Fo and Cg; Fo+ = 6 

weeks after Fo and 20 weeks after AMF inoculation; Cg+ = 6 weeks after Cg 

and 20 weeks after AMF inoculation. Mean pairs followed by different letters 

are significantly different ( ) n= 4.  

Fig. 4.1 Mycorrhizal root colonization of cyclamen plants without and with 

Fusarium oxysporum (Fo) and Colletotrichum gloeosporioides (Cg) 

association, inoculated with Glomus fasciculatum (AMF). Fo-Cg- = 20 

weeks after AMF inoculation without Fo and Cg; Fo+ = 6 weeks after Fo 

and 20 weeks after AMF inoculation; Cg+ = 6 weeks after Cg and 20 

weeks after AMF inoculation. Mean pairs followed by different letters are 

significantly different ( n= 4.  
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4.4.3 Disease incidence and severity 

The disease incidence levels for Fusarium wilt and anthracnose observed in different 

plant organs were significantly higher in control plants than mycorrhizal plants, as 

mycorrhizal plants showed more healthy plants (0 severity level) than the controls for 

both the disease incidence observation (Fig. 4.3a,b). Regarding Fusarium wilt incidence, 

the maximum severity level 5 (80-100% disease symptom) was noticed in control plants 

but not in AMF-colonized plants (Fig. 4.3a). On the contrary, for anthracnose incidence, 

highest severity level 5 was observed both in control and mycorrhized plants but the rate 

of infestation was less in mycorrhized plants compared to controls (Fig. 4.3b). However, 

visual examination of cyclamen plants showed that the presence of Fusarium wilt by Fo 

was more aggressive than anthracnose by Cg, as seen from the higher percentage of 

disease index for Fusarium wilt than anthracnose (Fig. 4.3c, d). Development of both 

the disease symptoms in cyclamen plants were affected by the presence of AMF. 

Controls with pathogen association showed maximum disease severity level resulting to 

higher disease indices than AMF-colonized plants for both the diseases. 
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Fig. 4.3 Disease incidence and disease indices of Fusarium wilt (a,c) and anthracnose 

(b,d) in cyclamen plants, inoculated with Glomus fasciculatum (AMF) and 

control (C), 6 weeks after Fusarium oxysporum and Colletotrichum 

gloeosporioides inoculation.  

4.4.4 Changes in antioxidative ability 

The antioxidative analysis was done 6 weeks after Fo and Cg inoculations. 

Mycorrhization enhanced antioxidant production in cyclamen both in with and without 

pathogen inoculation condition in comparison to control plants. Regarding enzymatic 

antioxidants, SOD activity (both shoot and root SOD) was significantly increased in Fo-

associated than in Cg-associated plants, in comparison to without pathogen inoculation 
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plants were found different in shoot and root parts. The significant changes in shoot 

APX activity between control and AMF plant was observed with Fo inoculation 

condition but not in Cg associated plants, and it was found in reverse condition with 

root APX activity (Fig. 4.4c, d). Additionally, the changes in shoot and root APX 

activity between control and AMF plants were not significant in without pathogen 

inoculation condition as well. On the contrary, AMF also enhanced the nonenzymatic 

antioxidative activity in plants with pathogen association. Both shoot and root ascorbic 

acid were found more in Cg associated plants than Fo association, and the root ascorbic 

acid production with Fo associated plants was more than shoot ascorbic acid of the same 

plants (Fig. 4.5a, b). Furthermore, the increment of ascorbic acid production under 

biotic stress condition in plants was significantly different from the plants without 

pathogen association. Total polyphenol content with Cg association was observed better 

than Fo associated plants. Both shoot and root polyphenol contents significantly 

increased in all mycorrhizal plants than control, without and with pathogen association 

condition (Fig. 4.5c, d). The changes in polyphenol content was much higher in Cg 

inoculation than Fo-inoculated plants both in shoot and root polyphenol contents. 
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Fig.4.4  Superoxide dismutase (SOD) activity in shoots (a) & roots (b) and ascorbate 

peroxidase (APX) activity in shoots (c) & roots (d) of cyclamen plants both 

without and with Fusarium oxysporum (Fo) and Colletotrichum 

gloeosporioides (Cg) association, inoculated with Glomus fasciculatum (AMF) 

and control (C). Fo-Cg- = 20 weeks after AMF inoculation without Fo and Cg; 

Fo+ = 6 weeks after Fo and 20 weeks after AMF inoculation; Cg+ = 6 weeks 

after Cg and 20 weeks after AMF inoculation. Mean pairs followed by 

different letters are significantly different ( ) 

n= 4.  
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Fig. 4.5 Ascorbic acic (AA) content in shoots (a) & roots (b) and polyphenol content in 

shoots (c) & roots (d) of cyclamen plants both without and with Fusarium 

oxysporum (Fo) and Colletotrichum gloeosporioides (Cg) association, 

inoculated with Glomus fasciculatum (AMF) and control (C). Fo-Cg- = 20 

weeks after AMF inoculation without Fo and Cg; Fo+ = 6 weeks after Fo and 

20 weeks after AMF inoculation; Cg+ = 6 weeks after Cg and 20 weeks after 

AMF inoculation. Mean pairs followed by different letters are significantly 

different  n= 4.  
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4.5 Discussion  

Plants always have to face different environmental stresses in natural condition 

throughout their life cycle. In recent years, agricultural production is hampered due to 

the changing of world environment. Therefore, for quality and safe agricultural 

production, sustainable and ecofriendly agriculture is the current concern to crop 

scientists. As a consequence, biological control of plant pathogens is currently accepted 

as a key practice in sustainable agriculture because it is basically based on the 

management of natural resources and known to develop antagonistic activities against 

harmful organisms (Azcón-Aguilar and Barea, 1996). In the present study the 

morphological (data not presented) and physiological responses of mycorrhizal plants 

against pathogen attack were studied to identify some of the key elements that may be 

responsible for biotic stress tolerance in cyclamen plants. Both the pathogen (Fo and 

Cg) infection reduced the dry weight of plants, indicated poor plant growth and 

increased the susceptability to diseases of cyclamen throughout the experiment. On the 

other hand, pre-inoculation of plants with AMF attenuated the impact of both the 

pathogens. Many studies showed the protective role of AMF against infections by 

microbial pathogens in different plant systems. The majority of these reports focused on 

different soil-borne pathogens. A comprehensive review of those studies was compiled 

by Whipps (2004). Current study revealed that mycorrhizal cyclamen plants had a lower 

incidence of Fusarium wilt disease than the controls. Several reports also indicated that 

root colonization by AMF can decrease the development of fungal root pathogens and 

the severity of the diseases in potato (Yao et al., 1998); peanut (Abdalla and Abdel-

Fattah, 2000) and in chili (Alejo-Iturvide et al., 2008).  
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Different mechanisms may operate simultaneously in the enhanced resistance of 

mycorrhizal plants to soil pathogens. Among them possible competition for 

photosynthates between the AMF and the pathogen and competition for the colonization 

sites in roots had been demonestrated (Pozo et al., 2010). This study noticed that AMF 

colonization rate has decreased with the pathogen inoculation condition which may be 

due to the competition for colonization sites between AMF and pathogens in the host 

plant. In addition, AMF colonization is known to induce the changes in root 

morphology (Norman et al., 1996) and lead to alterations in the quality and quantity of 

root exudates of the host plant (Pivato et al., 2008; Sood, 2003). These changes have an 

impact on microbial community of the mycorhizosphere and may have some correlation 

to pathogen infection in mycorrhizal plants.  

Studies dealing with AMF interactions on above ground diseases are also 

observed in different host plants but in contrast to below ground interactions; reports are 

less abundant and apparently less conclusive. Early studies described a higher 

susceptability of mycorrhizal plants to viruses and biotrophic pathogens appear to thrive 

better on AMF colonized plants (Whipps, 2004). Concerning hemibiotrophs, the impact 

of the symbiosis varies from no effect to reduction of the disease viz. against 

Colletotrichum orbiculare in cucumber (Chandanie et al., 2006). However, present 

study confirmed that AMF symbiosis induces systemic resistance agaist C. 

gloeosporioides, pathogen causing anthracnose in cyclamen. Here, mycorrhization 

seems to have a positive influence on plant resistance against anthracnose disease, since 

the damage caused by the pathogen in mycorrhizal plants was not as severe as the 

damage caused by the plants without AMF. Other reports also evidenced the effect of 

AMF to control aerial diseases eg, in rose against Botrytis cinerea (Moller et al., 2009); 
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in tomato against Alternaria solani (Fritz et al., 2006, De la Noval et al., 2007). The 

average plant growth and dry weight under pathogen inoculation condition were found 

better in mycorrhizal plants than the controls in this study. By the same token, the 

damage recorded was only <20 in mycorrhizal plants and control showed >75 for 

disease index. Mycorrhizal plants may have some other mechanisms to overcome the 

above ground disease interactions in plants. Among them one would be the potential 

changes in nutrient levels of the host plant and alterations of the sink-source relation 

within it, that may affect the suitability of host plant for shoot attackers (Jung et al., 

2012). Likewise, mycorrhization may have some correlation in modulation of plant 

defence mechanisms by changing the biochemical activities in host plants.  

Both biotic and abiotic stresses differentially affect plant processes that lead to 

loss of cellular homeostasis accompained by the formation of ROS which causes 

oxidative damage to membrane, lipids, proteins and nucleic acids (Srivalli et al., 2003). 

It is well known that plants can induce effective antioxidant systems to protect 

themselves against oxidation damage. The antioxidant defense systems include 

enzymatic and nonenzymatic antioxidants where SOD and APX are the important 

enzymatic antioxidants, and ascorbic acid and polyphenols are the effective 

nonenzymatic antioxidants, because they can efficiently prevent the accumulation of O2
-, 

H2O2 and minimize the deleterious effects of ROS (Latef and Chaoxing, 2011; Zhu et 

al., 2010a, 2010b). It is very much clear from this study that there was a significant 

increase in antioxidative activity in mycorrhizal plants under both the pathogen 

inoculation condition compared to control plants. AMF itself may provoke several 

changes in plants. Some reports emphasized that enzymatic antioxidants increases in 

AMF colonized plants as a result of the colonization processes (Pozo et al., 2002; Wang 
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et al., 2002). Results of this experiment describes that SOD activity significantly 

increased in mycorrhizal plants in association with both the root and shoot pathogens. 

Research on several plant systems also mentioned that SOD activity increased in 

mycorrhizal plants in association with Verticillum dahliae in pepper (Garmendia et al., 

2006) and with Phytophthora capsici in chili (Alejo-Iturvide et al., 2008). On the 

contrary, APX activity increased in shoot parts with Fo associated mycorrhizal plants 

and in root parts with Cg associated mycorrhizal plants. Nahiyan and Matsubara (2012) 

reported both the SOD and APX activity increased in mycorrhizal asparagus plants in 

association with F. oxysporum. 

Ascorbic acid and polyphenols are extensively studied antioxidants in plant cells 

(Borland et al., 2006; Grace, 2005). Ascorbic acid acts as a co-factor for many enzymes 

including APX (Noctor, 2006) and in plant cells the most important reducing substrate 

for H2O2 removal is ascorbic acid (Wu et al., 2007). Mycorrhizal colonization has 

increased the ascorbic acid production in plants with pathogen infection condition and 

the increment was better observed with Cg inoculed plants than the Fo inoculation. 

Total polyphenol content also increased in mycorrhizal plants than controls, in both the 

shoots and roots, with pathogen associated condition. The effect of AMF in plant 

protection under pathogen attack may be via the production of more phenolic 

compounds in plant cells (Morandi, 1990). In the present study, the development of 

Fusarium wilt and anthracnose symptoms in cyclamen was highly affected by the 

presence of AMF. Lower disease severity, stimulation of plant growth and greater 

activity of antioxidants in mycorrhizal plants were associated with higher plant biomass 

indicating lower oxidative damage in the colonized plants under pathogen associated 

condition. Results of the current study made clear that mycorrhization was able to 



 54   
 

reduce the disease incidence in plants (below economic injury level), at the same time, 

plant growth and antioxidant productions were higher in AM plants. And it is well 

established that plant physiology has an overall effect in plant biomass production. 

Although the assessment of damage caused by the pathogen attack and the biochemical 

determination of defence responses were carried out only 6 weeks after pathogen 

inoculation, it is important to high light the results obtained under Cg-inoculated 

condition. It indicated potential systemic responses since pathogen infection took place 

in foliar areas, far away from the mycorrhizal colonization in the roots. The contribution 

of AMF to plant protection against soil-borne pathogen is well supported, but aerial 

pathogen reports suggest that these are sometimes enhanced by AMF symbiosis (Dehne, 

1982, Linderman, 1994). Results observed in this investigation supports that the 

presence of AMF can enhance the crucial plant defence mechanisms under foliage 

diseases caused by air-borne pathogen. However, the specific mechanisms responsible 

for improved tolerance are yet to be elucidated. Therefore, further research in this 

direction are needed for better understanding of the actual mechanisms involved in 

AMF induced tolerance in the aerial part diseases of cyclamen. 

In conclusion, the findings of the study suggest that AMF colonization can 

increase cyclamen tolerance against F. oxysporum and C. gloeosporioides infection, as 

the severity of symptoms were reduced and the antioxidative ability were increased 

under pathogen inoculation condition. Therefore, the AMF (G. fasciculatum) could be a 

successful candidate as biocontrol agent in sustainable agricultural productions or to 

control the plant pathogens in cyclamen production.  
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Chapter 5 

Enhanced antioxidative activities of mycorrhizal 

cyclamen facilitate its development under natural 

heat stress 

5.1 Summary 

Mycorrhizal associations imply a remarkable reprogramming of functions in both the host plants

and the fungal symbionts. This consequent alteration on plant physiology has a clear impact on 

the plant responses to stress management. As a consequence, a pot experiment was conducted to 

study the influence of arbuscular mycorrhizal fungus (AMF), Glomus fasciculatum, on 

characteristics of growth and the antioxidative activity in cyclamen (Cyclamen persicum Mill.)

plants under hot summer season in greenhouse. Cyclamen plants (both inoculated and non-

inoculated with AMF) were placed in commercial potting media andthe temperature both inside 

the greenhouse air and pot soil were recorded in every hours throughout the experimental period. 

The temperaturesfluctuate between 32-40°Cduring the peak summer season. AMF symbiosis 

markedly enhanced the biomass production andhigh temperature stress responses in plants 

compared to the non-inoculated plants. Severe leaf browning rate (80-100%) was observed 

more in control plants, whereas mycorrhizal plants showed minimum rate of leaf browning 

under the same temperature condition. Inoculation with AMF increased survival during hot 

summer temperature compared to the controls. Mycorrhizal plants produced more flower bud 

than the control plants.Compared to controls, AMF-inoculation increased activities of 

superoxide dismutase (SOD) and ascorbate peroxidase (APX). The radical scavenging activity 
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of DPPH (2,2-diphenyl-1-picrylhydrazyl) was also greater in mycorrhizal plants than the 

controls. The results indicate that AMF decrease the damage caused by temperature stress on 

cyclamen by increasing antioxidative activity of plants and AMF association highly enhanced 

the temperature stress tolerance in cyclamen plants, which promoted plant growth and increased 

host biomass under hot summer season in greenhouse. 

5.2 Introduction 

High temperature is becoming one of the significant abiotic stresses limiting plant growth, with 

increasing global temperature (Bunn et al., 2009; Zhu et al., 2010a). Constant exposure to high 

temperature can inhibit photosynthesis, damage to cell membrans, senescence of plant cell and 

finally cell death (Yin et al., 2008). One mechanism of high temperature injury involves the 

over production of reactive oxygen species (ROS) such as superoxide radicles (O2), hydroxyl 

radical (OH), hydrogen peroxide (H2O2) and singlet oxygen (1O2). Higher accumulation of ROS 

might lead to cell death due to peroxidation process of the cell membrane, protein denaturation 

and damage of nucleic acids (Tanou et al., 2009). However, to limit oxidation damage under 

stress condition, plants have develop some specific protective mechanisms. Among them the 

major ROS scavenging mechanisms include some enzymatic antioxidants which include 

superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), glutathion reductase 

(GR), and nonenzymatic antioxidant compounds that includes different polyphenols, ascorbic 

acid, glutathione ( Yin et al., 2008; Zhu et al., 2010b). Earlier studies reported the changes in 

antioxidative enzymes and antioxidant compounds enhanced plants resistance to high 

temperature (Zhu et al., 2010a;Yin et al., 2008). 

With the recent advent of global warming distribution and survival rates of plants under 

hot summer season become a vital concern for many plant species (Davies et al., 2004; Thomas 

et al., 2004). Therefore, heat stress has become a major area of attention in crop production. 
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Several mechanisms already been explored to overcome heat stress injury for plant production. 

Recent studies indicate that microorganisms can help crops to cope with stresses (Grover et 

al.,2011) and as a consequences, utilization of arbuscular mycorrhizal fungi (AMF) have 

received promising attention to crop scientists as a natural biocontrol agent (Miransari et al., 

2008; Jung et al., 2012). Several reports indicated a higher tolerance of mycorrhizal plants to 

temperature stress (Miransari et al., 2008; Zhu et al., 2010b). AMF is an endomycorrhiza of the 

phylum glomeromycota, and stablish a symbiotic relationship with the host root. This symbiotic 

association stimulates plant growth in soils and substrates with lower fertility through 

improving nutrient uptake (specially phosphorus) in host plants (Smith and Read, 2008) and 

enhancing plant tolerant to various biotic and abiotic stresses (Jung et al., 2012). 

Cyclamen (Cyclamen persicum Mill), native to mediterranian region is an important cut 

and pot flower in temperate countries throughout the world (Takamura 2007; Yesson and 

Culham, 2006). Cyclamen acquired position in world floriculture market due to its variety in 

flower color, shape, pattern and very pretty heart shaped leaf arrangements, which flourished it 

as one of the most attractive ornamental to flower-lovers. However, cyclamen has a longer 

growing season and temperature is one of the most important environmental factors that affects 

the growth and development of cyclamen production (Yesson and Culham, 2006). Garden type 

cyclamens are very susceptible to high temperature and their growth is stunted during hot 

summer season in Japan (Goto et al., 2011). The optimum temperature for better cyclamen 

production ranges from 19-20°C (Karlsson and Werner, 2001). Exposure of cyclamen plants to 

high temperature for a long time may lead to stagnation of growth and adversely affect the time 

to flower bud initiation in plant which reduces the quality flower production and leads to 

decrease the market value of the plant. Therefore, high temperature in summer has now become 

an important barier to commercial cyclamen production. Maya et al. (2013) earlier confirmed 

that mycorrhiza can be used as an effective symbiont to combat stress conditions in cyclamen. 

Some studies reported that elevated antioxidative activity reduces biotic stress in cyclamen 
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(Maya and Matsubara, 2013a); high temperature stress in lily (Yin et al., 2008). Maya and 

Matsubara (2013b) reported in an earlier study that mycorrhization have the ability to induce 

heat stress tolerance by enhancing the antioxidative activity in cyclamen plants under controlled 

environmental conditions. While, studies concerning the adaptation of mycorrhizal cyclamen 

plants in greenhouse condition under hot smmer season has not been reported yet. 

The AMF symbiosis alters plants physiology under high temperature stress condition 

and protect host plants from oxidative damages through increasing antioxidative activity in the 

plants (Matsubara, 2010; Miransari et al., 2008; Nahiyan and Matsubara, 2012; Zhu et al., 2011). 

As a consequence the objectives of this study were to determine the different morphological and 

physiological adaptations in mycorrhizal cyclamen under hot summer season to better 

understand the efficacy of AMF as a tool to combat high temperature stress in cyclamen. 

5.3 Materials and methods 

5.3.1 Plant materials and growth conditions 

Healthy uniform sized three months old cyclamen seedlings (supplied by grower) were planted

at early april into plastic pots (7.5 cm in diameter) containing autoclaved commercial pot 

mixture. The experiment was set under glass green-house condition and both the air and pot soil 

temperature were recorded every hour from the begining to the end of the experiment using a 

thermo recorder (TR-71U,T & D Corporation). Cheesecloth black shading was used during hot 

sunny day to protect the plants from direct temperature injury. Plants were irrigated twice a day 

(5 minutes/time) by automated sprinkler irrigation system and the humidity were maintained 

around 60-70%, while under the peak summer season (July-August) the duration of irrigation 

were increased 2-3 minutes more along with 1 time hand irrigation. Slow releasing granular 

fertilizer (N:P:K= 5:10:15; Ube industries Ltd., Japan) was used (1 granule/plant) once a month. 
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Plants were transferred into poly silver pots (9cm in diameter)  and then white plastic pots (10.5 

cm in diameter), 12 and 16 weeks after AMF inoculation respectively. 

5.3.2 AMF inoculation and colonisation 

The seedlings were inoculated with AMF inoculum for mycorrhiza treated plants and sterilized 

(121°C; 1.2 kg/ cm2; 15 min) inocula were used for nonmycorrhizal (control) plants. 

Commercial AMF inocula supplied by Idemitsukosan Co. Ltd, Tokyo, Japan were used in this 

experiment and the spore density was unknown. The AMF species Glomus fasciculatum was 

used in this experiment as it was identified as one of the best AMF species associates with 

cyclamen (Maya et al. 2013). Both the mycorrhizal and autoclaved inocula (3g/plant) were 

placed 4 cm below the tuber of the seedlings. The level of AMF colonization was assessed after 

14, 16 and 20 weeks of AMF root inoculation through uprooting of the plants. The roots were 

sampled and stained according to Phillips and Hayman (1970), and the ratio of AM fungal 

colonization in 1-cm segments of the lateral roots was calculated and approximately 50 samples 

of 1-cm segments were examined per plant. The average was calculated from the values of 4 

plants at each sampling time. 

5.3.3 Morphological observations 

The total dry weight of shoots, roots and tubers of each 20 weeks aged plant was measured after 

drying at 100°C for 24 hours. Plant height, total number of leaves/plant, total numbers of flower 

buds/plant, total number of roots/plant, plant survival rate under hot summer season in each 

treatment were recorded. High temperature injury symptom was rated on a four level 

scale:0.Fully green leaves; 1.Moderate brown leaves;  2.Half brown leaves;  3. Fully brown 

leaves and 4.Fully dead leaves in each plant. Subsequently, the percentage of leaf browning per 

plant was calculated and the plant survival rate was calculated based on the following category 

of browned leaves in each treatment: 0. 0% (Fully green leaves); 1. <20% (less than 20% of 
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browned leaves); 2. 20-40% (moderate brown leaves); 3. 40-80% ( half browned leaves); 4. 80-

100% (full browned leaves); 5. 100% (all dead leaves). 

5.3.4 Enzyme extraction and assay of antioxidant activity 

Fresh plant samples were preserved with liquid nitrogen every time (14, 16 and 20 weeks of 

AMF inoculation) immediately after uprotting from the pot. Each plant parts (shoot, root and 

tuber) were cut into small pieches and were preserved at -35°C for future biochemical analysis. 

Later the antioxidative enzyme activity of SOD and APX and the total antioxidant activity based 

on DPPH (2-2 diphenyl 1-picrylhydrazyl) radical scavenging activity were analysed from this 

preserved samples. The enzymes were extracted using 0.15g plant sample in 3 ml extraction 

buffer (50mM phosphoric acid buffer pH 7.0) after grinding in pestle and mortar with fine 

powder (sea sand). The homogenate was centrifused at 12000 rpm for 12 min at 4°C and the 

supernatants were used for SOD and APX analysis. The total SOD activity was measured 

according to Beyer and Fridovich (1987) by the ability of SOD to inhibit the reduction of nitro 

blue tetrazolium (NBT) through photochemically generated superoxide radicals. The reaction 

buffer (3ml) contained 50 mM sodium carbonate buffer (pH 10.2), 1mM NBT, 4 mM Xanthine, 

3 mM EDTA, 0.15% BSA (Bovine serum albumin), xanthine oxidase (100 times diluted) and 

0.1 ml extracted enzyme. The test tubes containing reaction solution were kept under dark 

condition for 30 min at room temperature. Thereafter, 14mM copper chloride-II were added to 

the solution and the absorbance was recorded at 560 nm using spectrophotometer (Hitachi U-

1900). Blank solution without any extracted enzyme were also kept to evaluate the total SOD 

activity in the plant sample and one unit of SOD was defined as the amount of enzyme required 

to inhibit the reduction rate of NBT by 50% of reaction. The APX activity was assayed 

according to Nakano and Asada (1981) by monitoring the decrease in absorbance due to 

ascorbic acid at 290 nm. The activity was measured employing a reaction mixture containing 50 

mM phosphoric acid buffer, 10 mM ascorbic acid, 10 mM H2O2 and 200 µl extracted enzyme 
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in a final volume of 3.6 ml. The DPPH test was performed according to Burtis and Bucar (2000). 

Plant samples were extracted with ethanol at a ratio of .15g/3ml and the extracts (150µl) were 

mixed with 2.7 ml of 20% ethanol solution of DPPH. The solution was incubated 30 min and 

later the absorbance of the solution was read at 520 nm using the same spectrophotometer. 

5.3.5 Statistical analysis and design of the experiment 

The experiment was conducted using two mycorrhizal treatments (AMF inoculated mycorrhizal 

plants and non-mycorrhizal as control). A completely randomized design with 4 replications 

were used in this study and each replication has 60 plants (10 plants/treatment). The data were 

subjected to the two-sample t-test and the means were compared at the 5% level of significance 

using XLSTST 2012 pro statistical analysis software (Addinsoft, New-york). 

5.4 Results 

5.4.1 Greenhouse temperature and root mycorrhization 

During the experiment the maximum average air temperature was recorded 40°C and air 

temperatures of  35-40°C were frequently recorded. The pot soil temperature increased with the 

increased air temperature (Fig. 5.1). Noninoculated plants were not colonised by G. 

fasciculatum. Moreover, the AM colonisation was not hampered due to the high temperature 

condition as because the AMF colonisation rate was 42% after 14 weeks of AMF inoculation 

and 54% after 20 weeks of AMF inoculation. However, the differences observed were not 

statistically significant (Fig. 3.1).  

5.4.2 Plants growth and development 

Mycorrhization increased average plant height (6.5 cm) of cyclamen plants than the controls 

(5.5 cm). The average total number of leaves/plant (28) and total number of roots/plant (39)



 62   
 

were recorded higher with mycorrhizal association whereas, control plants produce less number 

of leaves (20) and roots (22) in a plant. AMF-inoculated plants had greater shoot, root and tuber 

biomass than controls (Fig. 5.2a-c). Symptoms of heat injury (leaf browning) was less prevalent 

on mycorrhizal plants compared to the control plants (Fig. 5.3a). Almost all leaves on control 

plants were dead (80-100% leaf browing) 20-weeks after the start of the experiment. In contrast, 

only ~30% of the AMF-inoculated plants had a similar level of leaf damage in the affected 

plants compared to the mycorrhized plants (Fig. 5.3b).Initiation of flower bud was observed 

both in control and AMF inoculated plants. Plants inoculated with AMF produced more flower 

buds than the control plants (Fig. 5.3c). 

 

Fig. 5.1 The maximum air and pot soil temperature inside the greenhouse during the 

experimental period from mid July to early October under hot summer period in 

Japan.  

  

0 

10 

20 

30 

40 

50 

max air temp 

max pot soil temp 

7

Months 

8 9 10 



 63   
 

   

Fig. 5.2 Dry weight (DW) of shoots (a), roots (b) and tubers (c) of cyclamen plants 

under hot summer season. C = control; Gf = Glomus fasciculatum (Gf)-

inoculated plants. The data represent the means, and the lines indicate the 

standard error. The asterisks (*) indicate that the values are significantly 

different between the treatments (t test, ). 

                    

 

Fig. 5.3 Percentage of heat injured plants (a), the degree of leaf browning percentage (b) 

and the number of flower buds production (c) in the control (C) and Glomus 

fasciculatum (Gf)-inoculated cyclamen plants under high temperature 

condition (30-40°C) in greenhouse. The data represent the means, and the lines 

indicate the standard error. The asterisks (*) indicate that the values are 

significantly different between the treatments (t test, ). 
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5.4.3 Antioxidative activity 

Mycorrhizal colonization enhanced the activity of antioxidants in cyclamen plants compared to 

the control plants. Plants inoculated with AMF had greater SOD activity in the leaves, roots and 

tubers of cyclamen plants than control plants (Fig. 5.4a). APX activity was also observed more 

in mycorrhizal plant samples than the controls.  Higher APX and DPPH activity was found both 

in above and below ground plant parts of AMF inoculated plants compared to the controls (Fig. 

5.4b-c). 
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5.5 Discussion 

Temperature is one of the most important environmental factors to normal growth and 

development of cyclamen plants ( Maya and Matsubara, 2013b; Karlsson and werner, 2001;Yin 

et al., 2008). High temperature stress is often defined as the rise in temperature beyond a 

threshold level for a period of time sufficient to cause irreversible damage to plant growth and 

development (Wahid et al., 2007). In general, a transient elevation in temperature usually 10

15°C above the ambient is considered heat stress. Heat stress is a complex function of intensity 

(temperature in degree), duration, and rate of increase in temperature. Heat stress due to high 

ambient temperature is a threat to crop production worldwide. During the experimental period 

the temperature were recorded inside the greenhouse air and pot soil and was observed that the 

temperature remain above the ambient condition (for cyclamen it is generally 20°C) during the 

peak summer season continiously. High temperature during summer season can stop or delayed

plants growth and yield prodction through direct effects on biological processes of plants. In the 

present study AM benefits under high temperature condition were defined as plant biomass 

increases with mycorrhizal association. Both below and above ground plant biomass and plant 

growth (plant height, total number of leaves/plant, and total number of roots/plant) were 

increased with mycorrhizal association.Therefore, we supposed greater allocation of 

carbohydrates and nutrients in mycorrhizal plants might influence plants growth under hot 

summer condition. Initiation of floral bud appeared both in control and mycorrhizal plants, 

whilst mycorrhized plants prodced more flower buds than the controls. Therefore, the 

correlation between the more leaf and more flower bud production is as because of more leaves 

provided additional nods for additional flower initiation with mycorrhizal association compared 

to the control plants (Karlsson and Werner, 2001). Symptoms of temperature stress injury as

leaf browning were observed both in controls and mycorrhizal plants; however, mycorrhization 

reduced the browning symptoms in plants compared to the controls. The maximum level of leaf 
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browning percentage (80-100%) was observed both in the controls and mycorrhized plants 

whilst the rate of affected plants in mycorrhizal association was not as much as in the controls. 

Furthermore, the rate of total injured plants due to high temperature stress was less observed 

with mycorrhizal association than the controls. However, vigorous plant growth with AMF 

colonization may have some correlation to minimize the heat stress injury as well as maximize 

the plant srvival rateunder high temperature stress in cyclamen during hot summer season.

Diverse environmental stresses differentially affect plant processes that lead to the loss of 

cellular homeostasis, accompained by the formation of ROS, which causes oxidative damage to 

membranes, lipids, proteins and nucleic acids (Mittler, 2002). Effective antioxidant systems for 

protection against oxidative damage include enzymatic and nonenzymatic antioxidants which 

efficiently prevent the accumulation of O2
- and H2O2 and minimize the deleterious effects of 

ROS. SOD and APX are the important enzymatic antioxidants and polyphenol, ascorbic acid, 

glutathione etc are nonenzymatic antioxidant compounds (Jallel et al., 2009). Tolerance to heat 

stress in crop plants has been associated with an increase in antioxidant enzyme activity (Sairam 

et al, 2000). An increased expression of enzymatic antioxidants was observed in mycorrhizal 

cyclamen compared to the control plants in the present study. Activity of SOD and APX were 

found greater in shoots, roots, and tubers of mycorrhizal plants than controls. This is consistent 

with some other previous reports on the shoots of tomato plants colonized by Glomus 

intraradices sbjected to NaCl salinity (Hajiboland et al., 2010), leaves of tomato plants 

colonized by G. mosseae under low temperature stress (Latef and Chaoxing, 2011) and leaves 

and roots of maize plants colonized by G. etunicatum during temperature stress (Zhu et al., 

2010a).  

To evaluate the capacity of total antioxidant compounds, several analytical methods are 

routinely observed in biological systems (Prior and Cao, 1999). Among them the DPPH 

procedure is commonly used to measure the free radical scavenging capacity of total 

antioxidants (Sánchez-Moreno et al., 1999). It is a simple, rapid and inexpensive method to 
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measure antioxidant capacity in biological compounds and involves the use of free radical 

DPPH (Marxen et al., 2007). The analysis of plant samples under the current study had revealed 

the higher DPPH activity in mycorrhiza associated plants than the controls. Increased DPPH 

activity has likewise been reported in some previous reports on mycorrhizal cyclamen plants 

under pathogen stress (Maya and Matsubara, 2013a), in mycorrhizal asparagus under biotic

(Fusarium oxysporum fsp asparagi) stress (Nahiyan and Matsubara, 2012) and in maize under 

salt stress conditions (Hichem et al., 2009). 

In this work, greater activity of enzymatic antioxidants and higher level of antioxidant 

compounds production in mycorrhizal plants, compared to control plants, were associated with 

higher plant biomass. These results suggest that AMF inoculated plants hadlower oxidative damage 

under temperature stress. Though AMF symbiosis have certain effect on antioxidant production, 

but the exact mechanisms involved are still unclear. The results of the current study made clear 

that, mycorrhizal plants growth were more vigorous than control plants, at the same time, the 

antioxidant productions were higher in AM plants. And it is well known that plant size has 

surely an effect on overall plant physiology. Alguacil et al. (2003) reported that AMF 

inoculation increased the activities of several antioxidants whichwere correlated with AMF 

induced increments in plant biomass and phosphorus or nitrogen. In addition, the increased 

activity of some antioxidants may be due to non-specific plant defense responses under heat 

stress. Hence, further experiments are needed for better understanding of the actual function of 

AMF in the changes of ROS metabolism and antioxidant productions under high temperature 

stress condition. 

In conclusion, AMF colonization can enhance both the morphological (plant growth, 

flower bud production) and biochemical activities (antioxidant enzymes of SOD and APX) in 

cyclamen plants. Greater DPPH radical scavenging activity in AMF-inoculated plants than the 

controls supports the hypothesis that greater antioxidant production may help mycorrhizal plants 
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survive high temperature stress better than non-mycorrhizal plants. Our results indicate the 

beneficial effects of AMF may help cyclamen overcome high temperature stress during hot 

summer season in cyclamen production under greenhouse condition. 

Chapter 6 

General Conclusions 

Mutualistic symbiosis of mycorrhizas are crucial in the ecology and physiology of the 

terristrial plants and are most effective to supporting plants to cope with various 

environmental stresses such as heat stress, drought and also pathogenic infection. This 

findings points to explain the reasons behind the resistance/tolerance development in plants 

using arbuscular mycorrhizal fungi. Our findings suggested AMF as a potential biocontrol agent 

to cope with heat and pathogen stress under both the controled and green house condition for 

cyclamen production. Here we observed mycorrhizal association can effectively manage ROS 

metabolism that increased in plant cell under stress condition. And the mechanisms underlaying 

this tolerance/resistance development is increament of antioxidative activity with AMF 

association in plant cell. The physiochemical responses were observed in our study which 

proves AMF as an effective biocontrol tool for stress management or plant resistance 

development in plant cell. However, molecular and genetic informations in microbs associated 

crop plants under stress condition is required to better understanding the exact mechanisms 

involve in stress tolerance of crop plants using beneficial soil microbs. Therefore, research in 

this direction is appreciated to establish mycorrhizal fungi as a potential biocontrol agent for 

sustainable agricultural production under prolonged environmental stress conditions in earth.
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