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1. INTRODUCTION

Arbuscular mycorrhizae denote obiigately symbiotic associations 

between certain zygomycetous soil fungi and higher plants in which the 

mycosymbiont is benefited by obtaining its carbon requirements from the 

photosynthates of the host, which in turn function as additional absorbing 

surfaces of the host and supply less mobile nutrients, particularly phosphorus 

to the host plant with the help of extramatrical mycelium. This association is 

so prevalent in terrestrial plant community that “non-mycorrhizal plant is an 

exception rather than the rule” , Arbuscular mycorrhizae impart enormous 

benefits to the plant community both in the natural ecosystem and in the 

different agricultural situations. It has been widely used as a bio~inoculant for 

sustaining the growth and health of cultivated crops (Harley and Smith, 1983, 

Rosendahl et al,, 1994). Its relevance in imparting stress tolerance to host 

plants, improving soil texture and reducing soil erosion, reclamation and 

revegetation of degraded soils and facilitating early establishment o f nursery 

and micropropagated plants is also significant.

It is often considered that arbuscular mycorrhizal fungi (AMF) function 

as the link between plant and soil. This linkage is disrupted due to intervention 

brought about by intensive agricultural practices. For its restoration, efficient 

AMF inoculum has to be developed and introduced into the soil under different 

cropping situations. Arbuscular mycorrhizal technology is now considered to 

be a key component in sustainable agricultural systems world over. However, 

availability of quality inoculum is the major constraint in large scale adoption



the mycorrhizal activity or may not have any effect at all. Sufficient 

information is lacking on the potential use of these substances in AMF 

inoculum production.

The present investigation is taken up with the objective of tackling some 

of the daunting problems in AMF inoculum production in which major thrust 

is focussed on the following aspects :

♦ Selection of suitable substrate for AMF inoculum production

♦ Selection of suitable host plant for AMF inoculum production

♦ Effect of plant growth regulators on the mass inoculum production of AMF

♦ Effect of plant stress inducers on the mass inoculum production of AMF

♦ Effect of plant protectants on the mass inoculum production of AMF
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2. REVIEW OF LITERATURE

‘Mycorrhiza’ is the symbiotic association between specific groups 

of soil fungi and higher plants. The term was first coined by Frank (1885) to 

describe this association in forest trees of the family, Cupuliferae. Mycorrhizal 

associations are broadly classified into three groups viz., (i) Ectomycorrhizae 

(ii)Endomycorrhizae and (iii) Ectendomycorrhizae.

Arbuscular mycorrhizae (AM) which were previously described as 

vesicular arbuscular mycorrhizae (VAM) come under the group endomycorrhizae 

and are ubiquitous and often described as the “Universal plant symbionts”. 

More than 90 per cent of the terrestrial plants form this symbiosis. AM 

associations are formed by a group of zygomycetous fungi belonging to the 

order, Glomales (Morton and Benny, 1990). The AM associations are 

receiving considerable attention in recent years since the symbiosis enables 

better plant growth by higher uptake of nutrients (Harley and Smith, 1983; 

Bolan et al., 1987, O’ keefe and Sylvia, 1990; Marschner and Dell, 1994). The 

other benefits imparted by AMF to host plants include (i) increased uptake of 

water (Safir et al., 1971, 1972) (ii) reduced stress responses of plants to 

toxicity and drought (Guttay, 1976). (iii) improved soil texture and reduced 

soil erosion (Clough and Sutton, 1978) (iv) alteration in the production of 

plant growth regulators (Barea and Azcon-Aguilar, 1982; Miller et al., 1987) 

(v) suppression of soil-borne pathogens (Dehne, 1982, Bagyaraj, 1984, Price et al., 

1990; Robert, 1998) (vi) enhanced revegetation of degraded soils (Pfleger et 

al., 1994) (vii) early establishment of nursery seedlings and enhanced ex vitro



establishment o f micropropagated plantlets (Sivaprasad et al., 1995).

The scarcity of prime inoculum had always been a constraint for the 

wider adoption of AM technology by farmers (Ferguson and Woodhead, 1982), 

eventhough its potential use as biocontrol agent (Dehne, 1982) and 

biofertilizer (Marschner, 1995) is well recognised in sustainable agriculture. 

The major obstacle for mass production of inoculum is the obligate nature of 

the symbiont. Several problems confronted with the present system of 

inoculum production include high bulk density of the carrier medium, low level 

of inoculum production and low viability of mycorrhizal spores due to presence 

of antagonists.

2.1 Inoculum production

Soil based inoculum is commonly used as the standard inoculum of 

mycorrhizal fungi. Introduction of AMF into plant production systems requires 

large scale production of the inoculum which can easily be cultured, 

transported and applied. Different methods of inoculum production have been 

suggested by several workers.

Manjunath and Bagyaraj (1981) observed that inoculation with 

extramatrical chlamydospores increased the dry matter and ‘P ’ content of 

Onion. Biermann and Linderman (1983) found that the roots of subterranean 

clover and geranium colonized by vesicle forming mycorrhizal fungi like 

Glomus spp. and Acciulospora spinosa were highly infective, while root pieces 

colonized by non-vesicular AMF (Gigaspora margarita) were not infective. 

The use of chlamydospores, infected root fragments and infested soil or culture
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substrate as inoculum increased the propagule number in the pot culture of 

AMF (Menge, 1983, 1984, Boudarga and Dexheimer, 1990).

Sylvia and Hubbel (1986) observed that the colonization and sporulation 

of Glomus mosseae in Paspalum notatum were very high in aeroponic system. 

But Nadarajah and Nawawi (1990) suggested that soil inoculum of Glomus 

fasicuh um associated with maize was more effective for root colonization and 

spore production than spore inoculum, external hyphae, chopped roots or 

vesicles from roots. In vitro mass production of Glomus intraradices and 

Glomus versiforme was achieved in petridishes using mycorrhizal root 

segment inoculum associated with Ri T-DNA transformed carrot roots by 

Vestberg and Uosukainen (1992) and Declerck et al. (1996). Singh and Deepa 

(1994) observed that the incorporation of bacteriological media such as Okon’s 

media, Jensen’s media and Pikovskaya’s media and NPI fertilizer solution 

enhanced the formation of spores in AMF inoculum. The long range storage of 

mycorrhizal culture on roots of pot-grown sorghum was made possible by 

storing at 4°C without losing infectivity (CMCC, 1996). Vilarino and Sainz 

(1997) treated the spores of Glomus mosseae with 50 per cent sucrose and 

found that the treatment increased spore germination and inoculum potential of 

the AMF.

2.2 Use of different substrates for inoculum production

Menge (1984) opined that it is advantageous to produce AMF in 

partially or completely artificial growth medium of less weight than in soil 

substrate. Jarstfer and Sylvia (1992) observed that soil less media were more



uniform in composition, weighed less, held the desired water and facilitated 

better aeration than soil.

2.2.1 Clay - based substrates

Plenchette ei al. (1982) recommended the use of calcined montmorillonite 

clay as substrate in pot cultures of different endomycorrhizal fungi. Expanded 

clay particles were highly efficient as mycorrhizal substrates and led to 

intensive mycorrhizal formation in maize (Dehne and Backhans, 1986). 

Further, Baltruschat (1987) demonstrated that expanded clay could be used as 

a carrier for AMF spores to be used for crops like maize on a large scale. 

When tomato plants were inoculated with Glomus sp., the yield was found to 

be more when raised in clay and slate substrate than in wood based substrate 

(Schnitzler and Michalky, 1996). Recent works showed that mycorrhizal 

inoculum produced on expanded clay contained high levels of spores and 

fungal mycelium when inoculated on several hosts (Aboul - Nasr, 1997).

2.2.2 Organic substrates

Sylvia (1984) suggested that an ideal substrate for AMF mass 

production is preferred to have low organic matter and nutrient contents. Aziz 

and Habte (1988) also showed that high levels of organic residue in the 

substrate was detrimental to mycorrhizal symbiosis in Leucaenci leucocephala.

In contrary, there are several reports of the successful use of organic 

substrates for mass production of AMF. Vestberg (1992) showed that AMF 

infection and sporulation on strawberry, arctic bramble and maize were more



rapid in sand fertilized with bone meal than in richer peat-based substrates. 

The germination and infectivity of Glomus mosseae in organic substrates like 

composted pine bark, sphagnum peat and composted olive pumice were 

investigated by Calvet et al. (1993). They found that the number of vegetative 

spores were higher in both composts than in peat. Coconut husk as growing 

medium produced superior growth of mycorrhizal sour orange than sawdust 

(Jean and Becerril, 1994). Ryan et al. (1994) found that AMF colonization of 

wheat was higher on a farm managed in organic manner than that operated in a 

conventional manner.

2.2.3 Peat, perlite, vermiculite and soilrite as substrates

Caron and Parent (1988) found that peat-lite substrates increased the 

AMF colonization of leek plants. At the same time, Sreenivasa and Bagyaraj 

(1988 a) selected perlite - soilrite mix (1:1 v/v) as the best substrate for mass 

multiplication of Glomus fasiculatum  on Rhodes grass. The dry matter yields 

of maize, cereals and lucerne were increased when selected AMF isolates 

grown in a peat - clay substrate with maize as host plant were used as 

inoculum (Hoflich and Glante, 1991). Zambolim et al. (1992) showed that 

various combinations of turf, vermiculite, soil and organic matter gave 100 per 

cent colonization of Glomus eiunicatum on sorghum, while Mallesha et al 

(1992) revealed that perlite-soilrite mix when used as a suitable carrier for dual 

inoculation of AMF and rhizobia resulted in superior growth of Leucaena 

leucocepha/a. A peat-based substrate low in phosphorus and with good 

aeration improved AMF spread and efficiency (Wang et al., 1993). Niemira et
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at (1995) noticed that the yield of mvcorrhizal potato was increased by 84 per 

cent when raised on peat based medium.

2.3 Selection of suitable host plant for AMF inoculum production

One of the early mentions of the mvcorrhizal dependence of host plants was 

made by Nicoison (1960) who found that the AMF species influenced the 

sanddune grasses. Arbuscular mvcorrhizal association induced by certain species 

of Endogone occurred in a wide range of plants in many habitats (Bayiis, 1971). A 

few years later, Saif (1977) revealed that the stage of host development influenced 

AMF colonization and spore population in field grown vegetables. He recognised 

three phases of mvcorrhizal root infection viz., lag phase, a phase of rapid 

development and a constant phase. The spore population was maximum at final 

harvest of the crops

Bagyaraj and Manjunath (1980) found that Guinea grass (Paracum 

maximum), was a better host for the maintenance and mass production of 

Glomus fasciculatus under tropical conditions since it was more susceptible 

to infection and higher spore production by AMF. In general, almost all 

vascular plant families except Cruciferae has AMF associations (Harely and 

Smith, 1983; Trappe, 1987). Another study conducted by Wood (1984) 

showed that large scale production of AMF inoculum is technically feasible 

through pot culture using an appropriate host. Hetrick et al. (1985) 

observed that the staining characteristics, pattern and morphology of 

mycorrhizal development of Glomus epigeaeum  differed according to the 

host species. The sporulation of Glomus fasiculatum  was significantly 

influenced by host plant, but that of Glomus macrocarpus and
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G. mosseae had no effect (Hetrick and Bloom, 1986).

The pasture grass, Setaria anceps was found to be a suitable host for 

propagation of AMF under Malaysian conditions (Chutan and Omar, 19S7). 

Sreenivasa and Bagyaraj (1988 b) selected Rhodes grass (Chloris gayand) as 

the most appropriate host for producing pot culture inoculum of 

Glomus fasiculatum  on the basis of root colonization and spore production. 

Leucaena leucocephala was proved to be a plant of high mycorrhizal 

dependence in acid soils by Guzman-Plazola et al. (1988). Inoculation of 

Glomus mosseae resulted in largest growth response and spore production in 

grapevine and clover, while the AMF infection was low in meadow grass 

(Giovannetti et al,, 1988).

The effect of stage of growth of the host plants in AMF spore 

production was emphasised by Sreenivasa and Rajasekhara (1989) on wheat 

and by Jalaluddin and Anwar (1991) on rice and wheat. They observed a 

linear increase in spore production with the growth of the host achieving 

maximum at harvest. Singh and Tilak (1990) studied the response of different 

sorghum cultivars to inoculation with Glomus versiforme and observed that the 

cultivar PC-23 showed maximum mycorrhizal efficiency and ‘P ’ uptake. In the 

studies conducted by Boyetchko and Tewari (1990), it was shown that 

infection levels of Glomus dimorphicum were low in different barley cultivars, 

but higher in beans, lucerne and onions and highest in red clover and maize 

roots. In the same way, the mycorrhizal colonization in cowpea was host- 

dependent and heritable (Mercy et al., 1990).

Sorghum and maize produced more spores of Glomus clarum than
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chickpea and the difference in spore numbers was influenced by infected root 

length and by the growing period (Simpson and Daft, 1990 a). Sanders and 

Fitter (1992) observed that AMF responded differently according to the host 

species and such differences could result in selection pressures which favour 

certain host fungus combinations. Isolates of indigenous AMF, viz., Glomus sp., 

G. geosporum and G. fasciculatum  showed a considerable amount of host 

preference in native grassland species (Dhillion, 1992). Singh (1992) 

inoculated Glomus macrocarpum on different forage grasses and observed that 

maximum infection was observed in Stylosanthes hamata and S. guianensis, 

while vesicle formation was greatest in Pennisetum pedicellatum, 

P. parviflorum, Stylosanthes guianensis, S. humilis and S. hamata. Jarstfer 

and Sylvia (1992) suggested that an ideal host should produce root mass 

quickly, tolerate high light conditions required for the fungal reproduction and 

become heavily colonized (>5Q per cent o f the root length).

The root colonization of AMF on sorghum, Cassia mimosoides, sesame 

and soyabean increased continuously until 50 days, but spore production was 

fluctuated after 30 days in pot cultures (Lee et al., 1993). Al-Raddad (1995) 

reported that the type of crop and harvest date greatly influenced the spore 

size and root colonization of Glomus mosseae. Mehrotra (1996) recommended 

Paulownia as a suitable host for mass multiplication of Glomus mosseae. 

Sivaprasad (1998) selected Setaria anceps as a suitable host for mass 

production o f Glomus sp. as the host plant supported the maximum sporulation

of the AMF.



2.4 Effect of growth regulators on AMF colonization and spore production

In one of the early studies, Azcon et al. (1978) observed that the 

infection levels of Glomus sp. on lavender, tomato and lucerne were increased 

after treatment with bacterial cultures which were believed to have behaved as 

pure plant hormones. Arbuscular formation of Glomus sp. and Gigaspora sp. 

were increased in cowpea by application of 1000 ppm indole acetic acid (IAA) 

while vesicle formation was decreased (Gunze and Hennesy, 1980). Weritz et aL 

(1992) in a similar study, found that thidiazuron had enhanced infection by 

Glomus etunicatum on winter barely and monoculum spring barely. They 

concluded that growth regulators and mycorrhizae had a synergistic effect on 

grain yield. Application of indole butyric acid (IBA) increased the root and 

shoot growth of sour orange and carrizo citrange inoculated with Glomus 

intraradices (Dutra e ta l., 1996).

Vailini et al. (1993) observed that colonization by Glomus mosseae was 

only slightly affected by increasing concentrations of humic substances to soil, 

while the hyphal growth was reduced. However, increasing doses of humic 

acids did not inhibit spore germination of Glomus mosseae.

Deleterious effect of growth regulators on AMF colonization was also 

observed in certain hosts. The suppressive effect of indole acetic acid on AMF 

infection in garlic was demonstrated by Firdaus et al. (1988). Mycorrhizal 

infection was found to be decreased with increase in temperature in IAA 

induced roots. The endogenous IBA concentration was not important for 

maize root colonization with Glomus intraradices (Ludwig-Muller et al.y
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1997).

2.5 Effect of plant stress inducers on AMF colonization and spore 

production

Various environmental factors like soil moisture, temperature and pH 

influence the germination of spores of Glomus epigaemus (Daniels and Trappe, 

1980). Bethienfaivay er al. (1988) opined that stressed environments have 

varied effects on plant growth, endophyte development and soil stability

2.5.1 Water stress and AMF colonization

Water stress has positive effects on AMF colonization. Iqbal and 

Tauqir (1982) reported that more AMF infections occurred in cereais under 

drier conditions (10-15 per cent soil moisture) than wet conditions (30-41 per 

cent soil moisture) Mahmood and Iqbal (1982) observed that mycorrhizal 

infection in rapeseed plants was negatively correlated with increase in soil 

moisture content. Sieverding and Toro (1988) also recognised the positive 

effect of water stress on mycorrhizal colonization and observed that 

Entrophosphora colombiana, Glomus mamhotis and G. occultum increased 

cassava growth in water stressed piant only. Pai et al. (1990) recognised that 

maximum mycorrhizal colonization in cowpea occurred under severe water 

stress conditions with watering once in five days to field capacity. However, the 

infection levels of Glomus clarum, G. monosporum and Acauiospora sp. in maize 

and sorghum were not affected by water stress, both in total spore numbers and in 

terms of spores per gram piant weight (Simpson and Daft. 1990 b). Sivaprasad 

(1995) observed that the AMF spore production in sorghum was increased when



the water stress was given just before harvest of the crop.

There are also reports regarding the negative effects of water stress on 

AMF infection. Nelsen and Safir (1982) opined that non-saturated and non- 

stressed water conditions are needed for spore production in high and low ‘P’ 

conditions. Rain or irrigation before inoculation may stimulate germination of 

indigenous mycorrhizal fungi (Wilson, 1984). AMF colonization was found to 

be maximum when plants were grown under 24 hours saturation followed by 

48 hours drainage. Cerligione et al. (1988) observed that there was a 

reduction in the per cent AMF colonization in little bluestem as the soil water 

availability was reduced. In the urd cultivars, T-9 and Bhadeli, AMF infection 

was affected by water stress (Kehri and Chandra, 1990). The laboratory 

studies conducted by Stevens and Peterson (1995) showed that colonization of 

Glomus spp. and Gigaspora margarita were higher in wet conditions than in 

dry conditions, whereas field studies showed high colonization in dry regions 

than in wet regions. The infectivity of mycorrhizal root fragments containing 

Glomus invermaium increased by alternate wetting and drying while that of 

Scutella calospora decreased (Braunberger et al., 1996).

2.5.2 Ethrel and AMF

Wertiz et al. (1992) studied the interactions of growth regulators and 

AMF and observed that foliar application of ethephon had a positive effect on 

colonization of Glomus etunicatum in barley.

The application of ethrel can also inhibit the AMF infection. Azcon- 

Aguilar et al. (1981) reported that formation of Glomus mosseae in lucerne



and wheat was reduced when ethrel was sprayed on the foliage or applied to 

the rooting medium. Sivaprasad (1995) observed that AMF colonization and 

spore production in sorghum was stimulated by ethephon with the maximum at 

200 ppm. In another study by Ishii et al. (1996), it was evident that a 

concentration of 0.01 to 0.1 ppm ethylene stimulated the spore germination 

and hyphal growth of AMF associated with trifoliate orange, but the hyphal 

growth was severely inhibited at 0.2 ppm and above.

2.5.3 Sodium chloride and AMF

Hirrel (1981) observed that the in vitro germination rates of azygospores of 

Gigaspora margarita were reduced more in the presence of chloride salts than 

sodium. The recovery of germinability by these spores was more rapid when the 

spores were previously exposed to sodium. It has been shown that sodium 

chloride stress could reduce dry matter accumulation of citrus seedlings, but no 

effect on mycorrhizal colonization (Duke et al., 1986). However, Estaun (1990) 

showed that sodium chloride inhibited the in vitro germination and hyphal growth 

of Glomus mosseae.

2.6 Effect of plant protectants on AMF colonization and spore production

The effect of plant protection chemicals on AMF colonization and spore 

production vary with type and dosage of the chemical, species of the fungus 

and the host plant. Treatment of mycorrhizal inoculum with selective 

pesticides had been recommended by Menge (1983) to eliminate contamination

and to increase its shelf-life.



Sutton and Sheppard (1976) reported that AMF infection was 

stimulated in plant roots in soil drenched with 0.5 M captan. Spokes et al. 

(1981) observed that application of chloroneb to inoculum of Glomus 

microcarpus used with pot-grown lettuce stimulated mycorrhizal development.

The beneficial effects of application of metalaxyl on AMF colonization 

have been highlighted by several workers. Groth and Martinson (1983) 

observed that metalaxyl increased the infection of Glomus fasiculalum  on 

soybean from 57 to 72 per cent while spore production was not significantly 

affected. In India, Sreenivasa and Bagyaraj (1989) studied the effect of captan 

and carbofuran at half the recommended dose and found that the chemical 

increased the root coionization, chlamydospore number and inoculum potential 

of Glomus fasciculatus. An increase in root colonization of Glomus 

intraradices was observed by Afek et al, (1990) in cotton, onion and pepper. The 

effects of triadimefon and pyrazophos on AMF of flax and barely were studied by 

Alten et a l  (1993) and found that there was an enhancement in the infection. 

Application of metalaxyl resulted in maximum colonization of Glomus sp. in maize 

and was recommended for routine incorporation to open pot cultures of AMF on 

maize (Seymour et al,, 1994).

The treatment of carbendazim, fosetyl-al, mancozeb and thiram enhanced 

growth promoting effect, mycorrhizal infection and spore production of AMF in 

soybean (Vyas and Vyas, 1995). The potential merit of ridomil 72 WP application 

in stimulating the colonization and sporulation of Selerocystis coremioides in black

2.6.1 Stimulation of AMF by fungicides



pepper was highlighted by Robert et al. (1995). Drenching with fytolon supported 

intense root colonization and high spore c! ;nsity of AMF on tree seedlings 

(Udaiyan et a l 1996). Shetty and Magu (1997) also found that soil incorporation 

of metalaxyl significantly increased root colonization of Glomus fasciculatum 

associated with wheat.

2.6.2 Inhibition of AMF by fungicides

Several fungicides are detrimental to the AMF. Early works conducted 

by Norman and Linn (1969) showed that arasan, botran, lanstan, terrachlor, 

captan, mylone and vapam restricted mycorrhizal development o f Endogane 

fasciculata on corn. Captan, chloroneb, metalaxyl, sodium azide and captafol 

inhibited mycorrhizal colonization and sporulation on citrus (Nemec, 1980). 

Occampo and Hayman (1980) conducted experiments with two crops of barely 

and maize and one crop of potato and found that AMF populations were 

decreased with benomyl especially in maize which are strongly mycorrhizal. In 

groundnut, soil drenching with PCNB, captan, captafol and mancozeb at the 

time of sowing inhibited colonization and sporulation by Glomus mosseae 

(Parvathi el al., 1985 a).

Fitter and Nichols (1988) reported the reduction in AMF infection and 

*P’ inflow in pea due to benomyl treatment. Hwang (1988) showed that 

metalaxyl reduced the AMF colonization per root length of the seedlings of 

lucerne. Dodd and Jeffries (1989) showed that bavistin prevented spore 

germination of Glomus mosseae in wheat. Singh et al. (1990) found that AMF 

development in pigeonpea was inhibited by seed treatment with bavistin,



captafol and thiram. Jalali and Chhabra (1991) also proved that thiram was 

inhibitory to the development o f Glomus fasciculatum  in pearl millet than 

captafol and bavistin. Vitavax was more harmful to mycorrhizal development 

in Vigna mungo than bavistin (Nair et al., 1991).

Habte et al. (1992) stated that the effectiveness of Glomus aggregatum 

in Leucaena leucocephala was completely suppressed at high levels of 

chlorothalonii. Fosetyl-Al and phosphonic acid inhibited colonization of 

different Glomus sp. in maize (Seymour et al., 1994). The experiment 

conducted by Machado-Neto et al. (1994) in tomato revealed that 

mycorrhization was reduced due to application of benomyl at the rate of 100 g 

per kg seeds. Recently, Schreiner and Bethlenfalvy (1997) concluded that 

benomyl, PCNB and captan at 20 mg a. i. per kg soil inhibited spore 

germination of Glomus etunicatum, G. mossea and Gigaspora rosea.

Some of the fungicides do not exert any significant effect on mycorrhizal 

colonization and spore production. Tommerup and Briggs (1981) reported that 

carbendazim and captafol had no deleterious effect on germination and hyphal 

growth of Acaulospora laevis, Glomus caledonium and Glomus monosporum. 

Carbendazim had no inhibitory effect on root colonization and spore formation by 

different species of Glomus on soybean (Vyas et al., 1990, Tiwari and Shukla, 

1991). Plenchette and Perrin (1992) also proved that infection by Glomus 

intraradices on leek and wheat was not affected by most non-systemic fungicides. 

Benomyl and mancozeb applied on wheat also did not affect root colonization and 

spore number of AMF in soil (Cabello, 1994). Joseph (1997) showed that out of 

the different pesticides tested, thiram and carbofuran least affected the AMF



colonization and sporulation in ginger.

2.6.3 Insecticides and AMF

Bird et al. (1974) gave an initial mention of the striking increase in the 

mycorrhizal infection of cotton roots treated with the nematicide, DBCP. Half 

the recommended level of carbofuran increased the root colonization, 

chlamydospore number and inoculum potential o f Glomus fasciculatus 

(Sreenivasa and Bagyaraj, 1989). Vijayalakshmi and Rao (1993) gave a further 

evidence for the stimulation of colonization of Glomus sp. of groundnut by 

monocrotophos.

Insecticides are also reported to have negative effect on AMF infection. 

Parvathi et al. (1985 b) showed that carbaryl, endosulfan, parathion and 

benomyl adversely affected colonization and sporulation of Glomus mosseae in 

groundnut. Phorate and carbofuran were found to have an adverse effect on 

Glomus fasciculatum  in wheat (Gaur and Rana, 1990). Vijayalakshmi and Rao 

(1993) studied the effect of dimethoate and cypermethrin on Glomus sp. of 

groundnut and found that both the chemicals suppressed the AMF. The effect of 

soil application of carbofuran at recommended dose (2 kg ha'1) enhanced AMF 

colonization and sporulation of Glomus clarum in groundnut (Venkateswarlu and 

Daft, 1995), while application of 5 kg ha’1 inhibited AMF infection. Endosulfan 

at 5 ppm also inhibited the growth of Glomus sp. Isobe et al. (1996) proved that 

dichlorvos, isoxathion, fenitrothion, endothiapepsin and malathion inhibited 

germination and mycelial growth of Gigaspora margarita in kidney beans.



The effect o f streptomycin in AMF colonization and sporulation has not 

been extensively studied. However, Schreiner and Koide (1993) observed that 

streptomycin application reduced the infection by Glomus etunicatum on 

lettuce. Sivaprasad (1995) opined that there was no considerable effect of 

streptomycin sulphate on the infection and spore production of AMF 

associated with sorghum.

2.6.4 Streptomycin and AMF



MATERIALS AND METHODS



3. MATERIALS AND METHODS

3.1 Location and soil

Ali the experiments in the project were conducted under green house 

conditions at the Department of Plant Pathology, College of Agriculture. 

Vellayani, Thiruvananthapuram. Kerala. Lateritic red loam soil of Instructional 

Farm, Vellayani was used for the different experiments in pots of size 30 x 30 

cm.(The nutrient status of the soil used is given in Appendix IV). The soil was 

sterilized by autoclaving at 1.02 kg cm'' for 2 hours.

3.2 Maintenance of experimental plants

The plants in all the experiments were properly maintained by regular 

watering and weeding. The plants were fertilized using Ruakura plant nutrient 

solution (Smith et ai.? 1983) 50 mi per pot at an interval of 10 days each for 

the first one month and subsequently at 15 days interval.

Composition of nutrient solution 

Stock solution A

Magnesium Sulphate 

Magnesium Chloride 

Calcium Nitrate 

Potassium Nitrate

Water

Sodium Chloride

L l l g

0.5 g 

8.39 g 

I 13 g 

500 ml

Stock solution B

0.165 aO

15Rock Phosphate



Sodium Suipnate 0.29 2

Water 500 ml

up

Stock

(a) Boric acid

(b) Manganese Sulphate

(c) Zinc Chloride

(d) Cupric nitrate

(e) Ammonium Molybdate - 

1 ml each from items a, b, c, d

to 500 ml with water.

solution C

0.13 g in 10 mi water

0,42 g in 0.1 N HC1 and made up to

10 mi with water

0.12 g in 0.1 N HC1 and made up to 

10 ml with water

0,02 g in 0 1 HCI and made up to

10 ml with water

0.004 g in 10 ml water

id e were taken in a bottle and made

Final solution

300 ml each of stock solution A and B and 150 ml of solution C were 

taken and made up to 4.5 litres with water.

3.3 Planting material

Sorghum (Sorghum vulgare Pers. var-CSH-5) was used as the host 

plant for ail the experiments in items 3,5,3 7,3.8 and 3.9. Seeds of sorghum 

obtained from National Seeds Corporation were surface sterilized with ethyl 

alcohol and allowed to germinate in vitro. Two to three seedlings were 

transplanted in the pots when they were eight days old, out of which only one



© 3

plant was retained.

3.4 Mycorrhizal inoculum and inoculation

Mixed inocuium consisting of Glomus fasaculatum  and Glomus 

etunicatum maintained in pots using Panicum maximum as host at the 

Department of Plant Pathology, College of Agriculture, Vellayani was used for 

the study. The inoculum consisted of root bits, mycelial fragments and 

rhizosphere soil / vermiculite based substrate carrying 300-3 50 chlamydospores 

of AMF. Inoculation was performed by incorporating 30 g each of the inoculum 

with the substrate thoroughly mixed into each pot to a depth of about five cm.

3.5 Selection of suitable substrate for AMF inoculum production

The experiment was conducted to select the best substrate combination 

and was laid out in factorial CRD with 13 treatments and 3 replications during 

February - April 1998 Vermiculite was used as the basal medium along with 

different proportions o f other substrates, viz., perlite, sterile cowdung and 

sterile soil. The following were the different treatment combinations.

T, = PiCiS, -  V - 1 kg

T, = P,CiS2 = V - 900 g, S - 100 g

t 3 = PlC2S! -  V - 950 g, C - 50 a

t 4 = PiC2S2 “ V - 850 g, S - 100 g, C - 50 g

t 5 -  P]C,S, = V - 900 g, C - 100 g

t 6 = P1C3S2 -  V - 800 g, S - 100 g, C - 100 g

t 7 = P2C1S, = V - 800 g, P - 200g

t 8 = P>CtS2 = V - 700 g, S - 100 g, P - 200 g



eS-4

t 9 - P2C 2S, = V  -- 750 aO’ C - 50 g, 13 _ 200 g

T !0 = P2C2S2 = V  ■■ 650 a S - 30
OO c -  50 e P - 200 iO’

T i , = P-2 C 3 S 1 = V  ■- 700 0o> c - 100 g, p - 200 g

T 1 2  - P2 C 3 S 2 = v •- 600 aO’ s - 1 0 0  g, c - 100 g, P - 200

T , j  = Soil control

V = Vermiculite

Pi = Perlite - ;0’ level per 100 g substrate 

?2 -  Perlite 20 per cent

51 -  S o il‘0’ level

52 = Soil 10 per cent 

Ci = Cowdung ‘O’ level

C2 = Cowdung 5 per cent ”

C3 = Cowdung 10 per cent ”

Each pot was filled with one kg of the substrate combination 

Observations were recorded on the following parameters.

3.5.1 Plant growth characteristics

Plant growth characteristics viz., number of leaves and plant height 

were recorded at 30, 60 and 90 days after planting (DAP).

3.5.2 Dry matter production

The plants were pulled out after three months of growth and fresh 

weights of shoots were recorded. Fresh weights of roots were determined 

after thorough washing to remove the adhering substrate particles. The dry 

weights of shoots and roots were determined after oven drying to constant



weight at 60°C.

3.5.3 Estimation of mycorrhizai colonization and intensity

The mycorrhizai colonization percentage in root samples was estimated 

on 30 and 90 days after planting following the procedure of Phillips and 

Hayman (1970). The root samples were cleaned free o f soil particles, cut into 

one cm sized bits and fixed in FAA (Formaldehyde-Acetic acid - Alcohol - in 

5:5:90 proportion). The roots were hydrolysed in 10 per cent potassium 

hydroxide at 100°C for 10- 15 minutes. The alkalinity of the samples was then 

neutralised by washing in one per cent hydrochloric acid and the root bits were 

stained with 0.05 per cent trypan blue in lactophenol (lactic acid - 20 ml, 

phenol - 20 ml glycerol - 40 ml and distilled water - 20 ml). The stained roots 

were arranged on a clean slide, pressed with needle and covered with cover 

slip and scanned under compound microscope for the presence of mycelium, 

vesicles and arbuscules of the AMF. The AMF colonization percentage was 

calculated as given below.

Number of root bits positive 
for AMF infection

AMF colonization percentage = ----------------------------------------------- x 100
Total number of root bits observed

A minimum of 24 root bits from each sample were scanned for 

estimating the AMF root colonization percentage.

For estimating the intensity of AMF colonization the method evolved by 

Joseph (1997) was followed. One cm sized root bits from each sample were 

placed on a clean slide, the under surface of which was graduated into square 

columns of 2 mm size in the form of a grating by drawing six lengthwise lines
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and sufficient number of cross lines across it. The portion of each root bit 

which falls in each column of the grating in a line (5 segments) was scanned in 

the microscope for observing mycorrhizal infection. Positive (+) or negative (- 

) signs were given for the presence or absence of mycorrhizal infection in each 

segment. The total number of positive and negative signs of ten roots bits 

were recorded and the percentage root segment AMF colonization was 

estimated using the formula,

Total number of positive (+) signs 
Percentage root segment for AMF infection
AMF colonization = ------------------------------ — ------— x 100

Total number of all the segments 
scanned in the slide

The following intensity grades were assigned based on the root segment 

AMF colonization.

+ -  less than 25 % root segment AMF colonization 

++ = 25 - 50 % root segment AMF colonization 

+++ = 5 1 - 75  % root segment AMF colonization 

-HH-+ = > 75 % root segment AMF colonization

3.5.4 Estimation of mycorrhizal spore count

The extramatrical chlamydospores produced by the AMF were estimated 

following the wet sieving and decanting technique (Gerdemann and Nicolson, 

1963). Twenty five grams of the substrate was collected from each pot and 

made into a uniform suspension in 100 ml water by thoroughly stirring it. The 

suspension was then passed through a series of sieves ranging from 1000, 300, 

250, 105 and 45 p kept one below the other in the same order. The contents 

of the bottom two sieves were made into a suspension in water and transferred
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to a nylon mesh (45p.) placed in a petridish. The petridish containing the 

nylon mesh with the spores was observed under stereomicroscope and the total 

AMF spore count was estimated.

3.6 Selection of suitable host plant for AMF inoculum production

The following host plants, viz., guinea grass, setaria, congosignal and 

stylosanthes were evaluated alone and in combination with stylosanthes to 

identify the most suitable host combination for inoculum production. The 

substrate combination which was identified as the best for inoculum production 

in the previous experiment (vermiculite - 650 g, perlite - 200 g, cowdung - 50 g, 

soil - 100 g) was used as the substrate for the experiment. The experiment was 

conducted during June - August, 1998 by laying out in CRD with seven treatments 

and four replications. The treatment combinations were as follows :

Ti - Guinea grass (Pamcum maximum Jacq.)

T2 - Setaria {Setaria anceps Staph.)

T3 - Congosignal (Brachiaria ruziziensis Germian and Evrard)

T4 - Stylosanthes (Stylosanthes hamata L.)

T5 - Guinea grass + Stylosanthes 

T» - Setaria + Stylosanthes 

T7 - Congosignal + Stylosanthes

3.6.1 Planting material

The seeds of guinea grass, setaria, congosignal and stylosanthes 

obtained from Kerala Livestock Development Board were used as the planting 

material. The seeds were surface sterilized using ethyl alcohol and sown in 

pots containing sterile soil and 1 5 - 2 0  days old seedlings were transplanted



into the pots containing selected substrate

3.6.2 Observations recorded

Observations on the growth characteristics such as number of leaves 

tillers and plant height, fresh and dry weights of shoots and roots, mycorrhizal 

colonization percentage, intensity and spore count were recorded as illustrated 

under 3.5.1,3.5.2,3 5.3 and 3.5.4. respectively.

3.7 Effect of plant growth regulators on AMF colonization and spore 

production

The different growth regulators evaluated for their influence on AMF 

colonization and spore production were indole acetic acid (IAA), indole 

butyric acid (IBA), naphthyl acetic acid (NAA), humic acid (12 %) and 2,4 

dichlorophenoxy acetic acid (2,4-D). The experiment was laid out in CRD 

with 16 treatments replicated thrice using the selected substrate from 

experiment mentioned under 3.5. as the potting mixture during June - August, 

1998. The following were the treatment combinations.

T i  - IAA 25 mg l' 1

t 2 - IAA 50 mg I-'

t 3 = IAA 100 mg f

t 4 - IBA 25 mg I'1

t 5 = IBA 50 mg f 1

t 6 = IBA 100 mg l' 1

t 7 = NAA 25 mg f '

t 8 - NAA 50 mg l'1



Tu -  NAA 100 mg l '1 

T ;il = Humic acid 1000 ul 1*'

Tu = Humic acid 2000 ul l"1 

T,: = Humic acid 3000 pi f 1 

T,., = 2,4-D 2 mg I'1 

Ti, = 2,4-D 4 mg l'1 

T.s = 2,4-D 6 mg l'1 

T ;,j = Control

3.7.1 Application of growth regulators

The growth regulatory substances were sprayed on the foliage twice, 

the first after 10 days of planting and the second after 30 days of the first 

spray The plants were sprayed with the chemicals so as to cover the entire 

plant surface.

3.7.2 Observations recorded

Observations on number of leaves and plant height, fresh and dry 

weights of shoots and roots, mycorrhizal colonization percentage, intensity and 

spore count were recorded as mentioned in paragraphs 3.5.1, 3.5.2, 3.5.3 and

3.5.4 respectively.

3.8 Effect of plant stress inducers on AMF colonization and spore 

production

In order to evaluate the effect of different stress inducing 

substances on mycorrhizal colonization and spore production, an experiment 

was laid out during June-August, 1998 in CRD with 13 treatments replicated 

thrice. The following were the different treatment combinations :
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T, = Ethrel 25 ul P‘

t 2 - Ethrel 50 ul P1

T* - Ethrel 100 ul I'1

X —1 4 — Abscissic acid (ABA) 0 5 mg I'!

T; = Abscissic acid 1.0 mg f 1

Tfy = Abscissic acid 2.0 mg P1

t 7 - Sodium chloride (NaCI) 0.5 %

T ,  -

Ty -

Sodium chloride 1.0 % 

Sodium chloride 1.5 %

T io = Water stress on 15 days after planting (DAP)

Tu = Water stress on 45 days after planting

T i2 = Water stress on 75 days after planting

T . ,  =* 1 ) Control

3.8.1 Application of stress inducers

The stress inducing substances were applied by spraying on the foliage 

25 DAP except water stress The water stress was given by stopping irrigation 

until wilting point and resuming it later.

3.8.2 Observations recorded

Observations on number of leaves and plant height, fresh and dry 

weights of shoots and roots, mycorrhizal colonization percentage, intensity and 

spore count were recorded as described in paragraphs 3.5.1, 3.5.2, 3.5.3 and 

3 5.4. respectively.

3.9 Effect of plant protectants on AMF colonization and spore production
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The effect of commonly used plant protectants on mycorrhiza! 

colonization and spore production was tested by laying out an experiment m 

CRD with ten treatments and three replications during June - August, 1998 

The following were the treatment details

T-( - Carbofuran 0.75 g / plant

T: = Carbofuran 15 g / plant

T; - Carbofuran 2.25 g / plant

T, = Metalaxyl 500 mg l'1

T — 1 5 Metalaxyl 1000 mg f l

T* - Metalaxyl 2000 mg I'1

t 7 - Streptomycin 500 mg l‘l

T* - Streptomycin 1000 mg l'!

Ty = Streptomycin 2000 mg l'1

T io = Control

3.9.1 Application of plant protectants

The plant protection chemicals at different concentrations were applied 

twice, the first being at the time of planting and the second after one month of 

first application.

3.9.2 Observations recorded

Observations on number of leaves and plant height, fresh and dry 

weights of shoots and roots, mycorrhizal colonization percentage, intensity and 

spore count were recorded as mentioned in paragraphs 3.5.1, 3.5.2, 3.5.3 and

3.5.4 respectively.

3.9.2a Estimation of the associated microflora



The populations of fungi, bacteria and actinomycetes in the substrates 

of different treatments were estimated using soil dilution plate technique 

(Timonin, 1940). One gram of the substrate sample was taken from each 

experimental pot and serial dilutions of 10'\ 10‘4 and 10° were made for 

estimating the populations of fungi, actinomycetes and bacteria respectively 

One ml each of the different dilutions was pipetted out into petriplates 

containing 15 ml of the respective media (Martin’s rose bengal agar, Kuster's 

agar and soil extract agar for fungi, actinomycetes and bacteria respectively) 

which was replicated thrice (Appendices I, II and III). The petriplates were 

carefully rotated for thorough mixing and incubated at room temperature for 2 

days, 4 days and 6 days for bacteria, fungi and actinomycetes respectively 

The colonies were counted by visual observation.

3.10 Statistical analysis

The data were analysed statistically by employing analysis of variance

(Snedecor and Cochran, 1962).



RESULTS



4. RESULTS

4.1 Selection of substrate for inoculum production

4.1.1 Effect on plant growth characteristics

The results of the experiment on the effect of different substrate 

combinations on plant growth characteristics are presented in tables la, lb and lc. 

The data showed that perlite, cowdung and soil in different proportions in 

vermiculite based growth medium did not exert any significant influence on the 

growth of mycorrhizal sorghum plants (Table la). The data were further 

analysed to study the effect due to two factor interactions and the main effect 

o f different substrates on growth enhancement. Results on two factor 

interactions showed that there was no significant effect due to interaction 

between perlite and cowdung and cowdung and soil (Table lb). The study on 

the interaction between perlite and soil showed that significant increase in 

plant height was observed in perlite 20 per cent and soil 10 per cent (107.73 

cm and 131.56 cm) and perlite 20 per cent, soil 0 combination (94.80 cm and 

119.56 cm) as compared to perlite 0 and soil 0 combination (78.87 cm and 

105.78 cm) and perlite 0, soil 10 per cent (69.99 cm and 82.92 cm) 

combination on 60 and 90 DAP, respectively.

Study on the main effects of different substrates indicated that perlite 20 

per cent significantly enhanced the number of leaves (7.17) as compared to 

perlite 0 on 60 DAP (Table lc). The plant heights on 60 and 90 DAP (101,27 

cm and 125.56 cm respectively) due to perlite 20 per cent treatment were also 

significantly higher than that of perlite 0 treatment (74.43 cm and 94.34 cm).



Table 1 a. Effect of different substrates on growth characteristics of mycorrhizal sorghum plants
(three factor interactions)

Perlite x cowdung x soil

Treatments
Number of leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Ti Perlite 0, Cowdung 0, Soil 0 4.67 6.33 8.00 21.63 63.63 89.33

t 2 Perlite 0, Cowdung 0, Soil 10 % 5.33 5.67 7.33 22.60 57.73 74.33

t 3 Perlite 0, Cowdung 5%, Soil 0 4.67 6.67 8.33 24.67 76.10 99.00

t 4 Perlite 0, Cowdung 5%, Soil 10 % 5.00 5.33 6.67 32.07 78.07 87.33
t 5 Perlite 0, Cowdung 10%, Soil 0 5.67 6.67 8.67 35.43 96.87 129.00

t 6 Perlite 0, Cowdung 10%, Soil 10% 4.33 5.67 7.33 28.27 74.17 87.07

t 7 Perlite 20g, Cowdung 0, Soil 0 4.00 7..33 8.33 21.63 90.07 125.00

t 8 Perlite 20g, Cowdung 0, Soil 10% 5.67 7.33 8.00 26.20 86.73 107.67

t 9 Perlite 20g, Cowdung 5%, Soil 0 5.33 7.67 8.67 28.03 100.67 124.00

T io Perlite 20g, Cowdung 5%, Soil 10% 5.33 6.66 9.33 37.00 126.30 155.33

Tn Perlite 20g, Cowdung 10%, Soil 0 5.67 7.33 8.67 34.13 93.67 109.67

T,2 Perlite 20g, Cowdung 10%, Soil 10% 6.00 6.67 8.00 42.00 110.17 131.67

Tn Soil control 5.00 7.33 8.00 45.33 93.70 95.37

CD (0.05) NS ■ NS NS NS NS NS
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Table lb. Effect of different substrates on growth characteristics of mycorrhizal 
sorghum plants (two factor interactions)

_________________________ __________ (i) Perlite x Cowdung_________________

Treatments
Number of leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Perlite 0, Cowdung 0 5,00 6.00 7.67 22.12 60.68 81.83

Perlite 0, Cowdung 5 % 4.83 6.00 7.50 28.37 77.08 93.17

Perlite 0, Cowdung 10 % 5.00 6.17 8.00 31.85 85.52 108.03

Perlite 20 %, Cowdung 0 4.83 7.33 8,17 23.92 88.40 116.33

Perlite 20 %, Cowdung 5 % 5.33 7.17 9.00 32.52 113.48 139.67

Perlite 20 %, Cowdung 10 % 5.83 7.00 8.33 38.07 101.92 120.67

CD (0.05) NS NS NS NS NS NS

(ii) Perlite x Soil
Perlite 0, Soil 0 5.00 6.56 8.33 27.24 78.87 105.78

Perlite 0, Soil 10 % 4.89 5.56 7.11 27.64 69.99 82.91

Perlite 20 %, Soil 0 5.00 7.44 8.56 27.93 94.80 119.56

Perlite 20 %, Soil 10 % 5.67 6.89 8.44 35.07 107.73 131.56

CD (0.05) NS NS NS NS 13.14 19.25

(iii) Cowdung x Soil
Cowdung 0, Soil 0 4.33 6.56 8.17 21.63 76.85 107.17

Cowdung 0f Soil 10 % 5.50 5.56 7.67 24.40 72.23 91.00

Cowdung 5 %, Soil 0 5.00 7.44 8.50 26.35 88.38 111,50

Cowdung 5 %, Soil 10 % 5.17 6.89 8.00 34.53 102.18 121.33

Cowdung 10 %, Soil 0 5.67 7.00 8.67 34.78 95.27 119.33

Cowdung 10 %, Soil 10 % 5.17 6.17 7.67 35.13 92,17 109.37

CD (0.05) NS NS NS NS NS NS



Table lc . Effect of different substrates on growth characteristics mycorrhizal 
sorghum plants (main effects)

(i) Perlite

Treatments
Number o f leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Perlite 0 4.94 6.06 7.72 27.44 74.43 94.34

Perlite 20 % 5.33 7.17 8.50 31.50 101.27 125.56

CD (0.05) NS 0.92 NS NS 9.29 13.61

(ii) Cowdung

Treatments
Number o f leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Cowdung 0 4.92 6.67 7.92 23.02 74.54 99.08

Cowdung 5 % 5.08 6.58 8.25 30.44 95.28 116.42

Cowdung 10 % 5.42 6,58 8.17 34.96 93.72 114.35

CD (0.05) NS NS NS 5.98 11.38 NS

(iii) Soil

Treatments
Number of leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Soil 0 5.00 7.00 8.44 27.59 86.83 112.67

Soil 10 % 5.28 6.22 7.78 31.36 88.86 107.23

CD (0.05) NS NS NS NS NS NS



Similarly, cowdung 10 per cent significantly increased plant height on 30 DAP 

(34.96 cm) than plots without cowdung treatment (23.02 cm) while cowdung 

5 per cent and 10 per cent significantly enhanced plant height on 60 DAP 

(95.28 cm and 93.72 cm respectively) as compared to treatment without 

cowdung (74.54 cm). However, the main effect of soil at different proportions 

was not significant in enhancing plant growth characteristics.

4.1.2 Effect on fresh and dry weights of shoots and roots

The effect o f different substrate combinations on plant biomass was 

studied and the results are presented in tables 2a, 2b and 2c. The interaction 

of perlite, cowdung and soil at different combinations along with vermiculite 

did not produce any significant effect on fresh and dry weights of shoots and 

roots (Table 2a). The data on interaction between perlite and cowdung, perlite 

and soil and cowdung and soil are presented in table 2b. The two factor 

interactions too had no significant influence on fresh and dry weights of shoots 

and roots of mycorrhizal sorghum plants.

Data on the main effect of different substrates on fresh and dry weights 

of shoots and roots are presented in table 2c. The main effect of perlite 20 per 

cent was significantly superior in enhancing the fresh and dry weights of shoots 

and roots. The values of 118.06 g and 41.39 g of fresh and dry weights of 

shoots and 86.94 g and 13.72 g of fresh and dry weights of roots in perlite 20 

per cent treatment as compared to 52.22 g, 15.56 g, 48.61 g and 7.08 g of 

fresh and dry weights of shoots and roots respectively of treatment without 

perlite amply illustrated it (Plates 1 and 2). The main effects due to either



___________________________________ ______ Perlite x Cowdung x Soil_____

Table 2a. Effect of different substrates on fresh and dry weights of shoots and
roots of mycorrhizal sorghum plants (three factor interactions)

Treatments

Weight of shoots (g) Weight of roots (g)

Fresh
weight

Dry
weight

Fresh
weight

Dry
weight

Ti Perlite 0, Cowdung 0, Soil 0 38.33 7.50 30.00 4.17

t 2 Perlite 0, Cowdung 0, Soil 10% 21.67 5.00 25.00 3.33

t 3 Perlite 0, Cowdung 5%, Soil 0 70.00 20.00 53.33 7.50

t 4 Perlite 0, Cowdung 5%, Soil 10% 35.00 14.17 50.00 7.50

t 5 Perlite 0, Cowdung 10%, Soil 0 88.33 26.67 71.67 10.00

t 6 Perlite 0, Cowdung 10%, Soil 10% 60.00 20.00 61.67 10.00

t 7 Perlite 20%, Cowdung 0, Soil 0 101.67 36.67 90.00 13.33

t 8 Perlite 20%, Cowdung 0, Soil 10% 95.00 23.33 63.33 9.17

t 9 Perlite 20%, Cowdung 5%, Soil 0 128.33 41.67 78.33 13.17

T io Perlite 20%, Cowdung 5%, Soil 10% 178.33 70.00 108.33 20.00

Tii Perlite 20%, Cowdung 10%, Soil 0 93.33 35.00 65.00 10.00

T12 Perlite 20g, Cowdung 10%, Soil 10% 111.67 41.67 116.67 16.67

T13 Soil control 73.33 25.00 88.33 10.00

CD (0.05) NS NS NS NS
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Table 2b. Effect of different substrates on fresh and dry weights of shoots and 
roots of mycorrbizal sorghum plants (two factor interactions)

________________________ _____ (i) Perlite x Cowdung_____________________

Treatments

Weight o f shoots (g) Weight of roots (g)

Fresh
weight

Dry
weight

Fresh
weight

Dry
weight

Perlite 0, Cowdung 0 30.00 6.25 27.50 3.75

Perlite 0, Cowdung 5 % 52.50 17.08 51.67 7.50

Perlite 0, Cowdung 10 % 74.17 23.33 66.67 10.00

Perlite 20 %, Cowdung 0 98.33 30.00 76.67 11,25

Perlite 20 %, Cowdung 5% 153.33 55.83 93.33 16.58

Perlite 20 %, Cowdung 10 % 102.50 38.33 90.83 13.33

CD (0.05) NS NS NS NS

(ii) Perlite x Soil
Perlite 0, Soil 0 65.56 18.06 51.67 7.22

Perlite 0, Soil 10 % 38.89 13.06 45.56 6.94

Perlite 20 %, Soil 0 107.78 37.78 77.78 12.17

Perlite 20 %, Soil 10 % 128.33 45.00 96.11 15.28

CD (0.05) NS NS NS NS

(iii) Cowdung x Soil
Cowdung 0, Soil 0 70.00 22.08 60.00 8.75

Cowdung 0, Soil 10 % 58.33 14.17 44.17 6.25

Cowdung 5 %, Soil 0 99.17 30.83 65.83 10.33

Cowdung 5 %, Soil 10 % 106.67 42.08 79.17 13.75

Cowdung 10 %, Soil 0 90.83 30.83 68.33 10.00

Cowdung 10 %, Soil 10 % 85.83 30.83 89.17 13.33

CD (0.05) NS NS NS NS
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Table 2c. Effect of different substrates on fresh and dry weights of shoots and 
roots of mycorrhizal sorghum plants (main effects)

(i) Perlite

Treatments
Weight o f shoots (g) Weight of roots (g)
Fresh

weight
Dry

weight
Fresh

weight
Dry

weight

Perlite 0 52.22 15.56 48.61 7.08

Perlite 20 % 118.06 41.39 86.94 13.72

CD (0.05) 36.78 12.84 20.13 3.34

(ii) Cowdung

Cowdung 0 64.17 18.13 52.08 7.50

Cowdung 5% 102.92 36.46 72.50 12.04

Cowdung 10% 88.33 30.83 78.75 11.67

CD (0.05) NS NS NS NS

(iii) Soil

Soil 0 86.67 27.92 64.72 9.69

Soil 10 % 83.61 29.03 70.83 11.11

CD (0.05) NS NS NS NS



Plate 1 & 2  Increase in root volume of mycorrhizal sorghum due 

to the effect of perlite 20 per cent

Pi, Perlite 0 level per lOOg substrate

P2= Perlite 20 per cent

S i— Soil 0 level

S2= Soil 10 per cent

Ci — Cowdung 0 level

Cz= Cowdung 5 per cent

C3= Cowdung 10 per cent





cowdung or soil were not significant in enhancing the fresh and dry weights of 

shoots and roots of mycorrhizal sorghum plants.

4.1.3 Effect on mycorrhizal colonization, intensity and spore production

Different substrate combinations did not exert statistically significant 

effect on mycorrhizal colonization in sorghum although very high mycorrhizal 

colonizations of more than 90 per cent were observed in all the different 

treatments on 90 DAP (Table 3a). Higher intensity of mycorrhizal colonization 

was also observed in all the treatments. However, significantly higher spore 

counts were produced in Ti0) T4, T6 and T9 treatments (1028.31, 819.92, 

697.61 and 678.43 respectively) as compared to the soil control (580). The 

data further indicated that there was also significant reduction in spore count 

in certain treatments with maximum reduction in Ti (259.74) followed by T5 

(359.81) and T2 (379.82) accounting a percentage reduction of 44.78, 62.04 

and 65.49 in the respective treatments as compared to control.

Analysis of the data on interaction due to perlite and cowdung in the 

experiment showed that although mycorrhizal colonization was uniformly 

higher in all the treatments, the interaction was found to be insignificant as in 

the case of three factor interactions o f perlite, cowdung and soil (Table 3b). 

However, the interaction resulted in significantly higher spore count in perlite 

20 per cent + cowdung 5 per cent combination and perlite 0 + cowdung 5 per 

cent combination when compared with that of the treatment with no perlite and 

cowdung. Maximum spore count of 844.30 was obtained in perlite 20 per cent 

+ cowdung 5 per cent treated plots followed by 661.39 in perlite 0 + cowdung



Table 3a. Effect of different substrates on mycorrhizal root colonization, intensity and spore production in sorghum
plants (three factor interactions)

Perlite x cowdung x soil

Treatments

AMF colonization (%) Intensity of colonization Spore count 
(Per 25 g substrate)Days after planting

30 90 30 90
T, Perlite 0, Cowdung 0, Soil 0 74.05 (8.61) 98.66 (9.93) +++ ++++ 259.74 (16.12)

t 2 Perlite 0, Cowdung 0, Soil 10% 78.19 (8.84) 96.09 (9.80) +++ +++ 379.82 (19.49)

t 3 Perlite 0, Cowdung 5%, Soil 0 74.95 (8.66) 97.06 (9.85) ++ +++ 519.87 (22.80)

t4 Perlite 0, Cowdung 5%, Soil 10% 72.89 (8.54) 92.19 (9.60) ++ +++ 819.92 (28.63)

t 5 Perlite 0, Cowdung 10%, Soil 0 60.94 (7.81) 100.00 (10.00) + +++ 359.81 (18.97)

t 6 Perlite 0, Cowdung 10%, Soil 10% 42.73 (6.54) 94.67 (9.73) + +++ 697.61 (26.41)

t 7 Perlite 20%, Cowdung 0, Soil 0 73.38 (8.57) 100.00 (10.00) ++ ++++ 459.42 (21.43)

t 8 Perlite 20%, Cowdung 0, Soil 10% 82.96 (9.11) 97.19 (9.86) +++ +++ 586.63 (24.22)

t 9 Perlite 20%, Cowdung 5%, Soil 0 79.52 (8.92) 94.22 (9.71) ++ +++ 678.43 (26.05)

Tw Perlite 20%, Cowdung 5%, Soil 10% 64.15 (8.01) 95.39 (9.77) + ++++ 1028.31 (32.07)

T„ Perlite 20%, Cowdung 10%, Soil 0 79.93 (8.94) 96.68 (9.83) ++ +++ 519.87 (22.80)

T,2 Perlite 20%, Cowdung 10%, Soil 10% 79.31 (8.91) 90.30 (9.50) +++ +++ 496.63 (22.29)

T13 Soil control 94.33 (9.71) 95.80 (9.78) +++ +++ 580.00 (24.07)

CD (0.05) NS NS - - 95.91
'

(1.90)

Figures in parantheses indicate transformed values (square root transformation)
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Table 3b. Effect of different substrates on mycorrbizal root colonization and 
spore production in sorghum plants (two factor interactions)

(i) Perlite x Cowdung
AMF root colonization (%) Spore count

Treatments Days after planting (per 25g substrate)

30 90

Perlite 0, Cowdung 0 76.70 (8.72) 97.37 (9.87) 316.94 (17.80)

Perlite 0, Cowdung 5 % 73.91 (8.60) 94.61 (9.73) 661.39 (25.72)

Perlite 0, Cowdung 10 % 51.43 (7.17) 97.31 (9.86) 514.86 (22.69)

Perlite 20 %, Cowdung 0 78.10 (8.84) 98.59 (9.93) 521.08 (22.83)

Perlite 20 %, Cowdung 5 % 71.63 (8.46) 94.80 (9.74) 844.30 (29.06)

Perlite 20 %, Cowdung 10 % 79.62 (8.92) 93.46 (9.67) 508.18 (22.54)

CD (0.05) NS NS 67.82 (1.34)

(ii) Perlite x Soil
Perlite 0, Soil 0 69.83 (8.36) 98.57 (9.93) 372.31 (19.30)

Perlite 0, Soil 10 % 63.56 (7.97) 94.31 (9.71) 617.28 (24.85)

Perlite 20 %, Soil 0 77.58 (8.81) 96.95 (9.85) 548.83 (23.43)

Perlite 20 %, Soil 10 % 75.25 (8-67) 94.27 (9.71) 685.97 (26.19)

CD (0.05) NS NS 55.37 (M 0)

(iii) Cowdung x Soil
Cowdung 0, Soil 0 73.72 (8.59) 99.33 (9.97) 352.51 (18.78)

Cowdung 0, Soil 10 % 80.56 (8.98) 96.64 (9.83) 477.63 (21.85)

Cowdung 5 %, Soil 0 77.22 (8.79) 95.63 (9-78) 596.51 (24.42)

Cowdung 5 %, Soil 10 % 68.45 (8.27) 93.78 (9.68) 921.17 (30.35)

Cowdung 10 %, Soil 0 70.11 (8-37) 98.33 (9.92) 436.17 (20,88)

Cowdung 10 %, Soil 10 % 59.62 (7.72) 92.47 (9.62) 592.86 (24.35)

CD (0.05) NS NS 67.82 (1.34)

Figures in parentheses indicate transformed values (Square root transformation)
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5 per cent combination whereas it was only 316.94 in the non-treated plots. 

The spore counts due to cowdung 10 per cent application were significantly 

reduced (514.86 and 508.18) as compared to that of cowdung 5 per cent.

The interaction between perlite and soil did not exert any significant 

effect on AMF colonization at different growth stages o f mycorrhizal sorghum. 

But, the spore count was significantly enhanced in the perlite + soil treated 

plots with the maximum being m perlite 20 per cent + soil 10 per cent 

treatment (685.97) followed by perlite 0 + soil 10 per cent (617.28) and perlite 

20 per cent + soil 0 (548,83) treatments than that o f untreated plots (372.31). 

The data further showed that perlite 20 per cent + soil 10 per cent and perlite 0 

+ soil 10 per cent combinations had significantly higher spore counts than 

perlite 20 per cent + soil 0 combination. The interaction between cowdung and 

soil also indicated that the mycorrhizal colonization was not significant due to 

the two factor interactions. Significantly higher spore counts were obtained in 

all the cowdung + soil treated plots with maximum being in cowdung 5 per 

cent + soil 10 per cent treatment (921.17) followed by cowdung 5 per cent + 

soil 0 (596.51), cowdung 10 per cent + soil 10 per cent (592,86), cowdung 0 

+ soil 10 per cent (477.63) and cowdung 10 per cent + soil 0 (436.17) as 

compared to the untreated plots (352.51). The two factor interaction of 

cowdung + soil also indicated that when cowdung was increased from 5 per 

cent to 10 per cent irrespective of the level of soil, the spore counts were 

significantly reduced from 596.51 to 436.17 and from 921.17 to 592.86.

The results of the analysis of the data on main effect of different 

substrates on mycorrhizal root colonization and spore production are as
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detailed in table 3 c. Perlite 20 per cent significantly enhanced initial root 

colonization (76.41 per cent) and the spore count (615.49) when compared 

with perlite 0 level (66.65 per cent and 487.10 respectively). The root 

colonization was significantly higher on 30 DAP with cowdung 0 (77.10) and 

cowdung 5 per cent (72.77) as compared with that of cowdung 10 per cent 

level (64.76), whereas the spore count was significantly higher in all the 

cowdung treated plots with maximum of 750.06 in cowdung 5 per cent 

followed by 511.52 in cowdung 10 per cent treated plots when compared with 

412.70 in untreated plots. The main effect due to application of soil did not 

exert significant influence on the mycorrhizal colonization. However, 

application of 10 per cent soil significantly enhanced the spore count (651.17) 

as compared to treatments without soil application (456.30).

4.2 Selection of host plant for AMF inoculum production

4.2.1 The growth characteristics of host plants inoculated with AMF

The growth characters of the mycorrhizal plants alone and in 

combination with mycorrhizal stylosanthes were studied and the results are 

presented in table 4. When guinea grass was grown along with stylosanthes, 

there was a slight reduction with respect to the number o f tillers produced by 

the plant. However, the plant height was remarkably increased at different 

stages of growth when grown along with stylosanthes (57.83, 60,15 and 62.18 

cm on 30, 60 and 90 DAP as against 47.78, 52.4 and 54.55 cm when it was 

grown alone). There was a drastic reduction in the number of leaves and plant 

height of stylosanthes when grown along with guinea grass than grown alone.



___________ (i) Perlite____________ _____________

Table 3c. Effect of different substrates on mycorrhizal root colonization and
spore production in sorghum plants (main effects)

- Mycorrhizal root colonization (%) Spore count
Treatments Days after planting (per 25g substrate)

30 90

Perlite 0 66.65 (8.15) 96.43 (9.82) 487.10 (22.07)

Perlite 20 % 76.41 (8.74) 95.61 (9.78) 615.49 (24.81)

CD (0.05) 5.49 (0.43) NS 39.15 (0.77)

(ii) Cowdung

Cowdur^ 0 77.10 (8.78) 97.98 (9.90) 412.70 (20.32)

Cowdung 5 % 72.77 (8.53) 94.71 (9.73) 750.06 (27.39)

Cowdung 10 % 64.76 (8.05) 95.38 (9.77) 511.52 (22.62)

CD (0.05) 6.73 (0.53) NS 47.95 (0.95)

(iii) Soil

Soil 0 73.65 (8.58) 97,76 (9.89) 456.30 (21.36)

Soil 10 % 69.28 (8.32) 94.29 (9.71) 651.17 (25.22)

CD (0.05) NS 3.38 (0.17) 39.15 (0.77)

Figures in parantheses indicate transformed values (Square root transformation)
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Table 4 Growth characteristics of host plants inoculated with AMF

Treatments
Number of tillers / leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Ti Guinea grass 9.25 10.50 11.50 47.78 52.40 54.55

t 2 Setaria 8.00 10.00 11.00 44.98 47.95 49.50

t 3 Congosignal 7.00 9.50 10.50 37.15 54.25 61.28

t 4 Stylosanthes 114.25 665.50 1437.00 27.95 38.43 42.58
t 5 Guinea grass 7.00 7.50 8.50 57.83 60.15 62.18

+ + + + + + +
Stylosanthes 58.25 127.75 232.50 20,70 28.95 32.48

t 6 Setaria 8.50 10.00 11,00 44.08 48.00 50.20
+ + + + + + +

Stylosanthes 77.25 170.75 277.50 22.00 26.90 31.73
t 7 Congosignal 7.25 9.50 11.75 52.48 62.13 76.68

+ + + + + + +
Stylosanthes 66.75 137.25 198.25 24.05 28.68 31.10



The number of tillers produced by setaria and congosignal at different stages of 

growth were increased when they were grown along with stylosanthes than 

grown alone. There was not much difference in the plant height of setaria 

when grown alone and in combination with stylosanthes. However, plant 

height of congosignal was highly increased when grown along with 

stylosanthes (52.48, 62.13 and 76.68 cm) as against when grown alone (37.15, 

54.25 and 61.28 cm) on 30, 60 and 90 DAP respectively. The growth 

characteristics of stylosanthes with respect to number o f leaves and plant 

height were uniformly reduced when it was grown with other crops, but the 

reduction was comparatively less when it was grown with setaria.

4.2.2 Biomass production by different host plants inoculated with AMF

Data on fresh and dry weights of shoots and roots o f different 

mycorrhizal host plants and their combination with stylosanthes are presented 

in table 5. The shoot fresh and dry weights of guinea grass were remarkably 

increased when grown along with stylosanthes (28.75 g and 6.25 g) as compared 

to its corresponding values when grown alone (23.13 g and 3.63 g). A similar 

remarkable increase in the root fresh and dry weights were also observed in the 

combined treatment of guinea grass and stylosanthes (63.13 g and 21.25 g) as 

against their sum of individual values (52.50 g and 10.38 g) of fresh and dry 

weights of roots of guinea grass and stylosanthes. In the congosignal and 

stylosanthes combined treatment also, a similar effect was observed. The 

shoot fresh and dry weights of congosignal were 39.38 g and 10.63 g in the 

combined treatment whereas the values were 25 g and 5 g in the individual



Table 5 Biomass production by different host plants inoculated with AMF

Treatments
Weight of shoots (g) 

Fresh weight Dry weight
Weight of roots (g) 

Fresh weight Dry weight

Ti Guinea grass
23.13 3.63 40.00 8.13

t 2 Setaria
41.88 12.50 108.75 38.75

t 3 Congosignal
25.00 5.00 31.88 5.63

t 4 Stylosanthes
25.00 6.23 12.50 2.25

t 5 Guinea grass
+

Stylosanthes

28.75 
+

8.75

6.25
+

1.63
63.13 21.25

t 6 Setaria
+

Stylosanthes

35.00
+

8.75

10.00
+

2.13
88.75 34.38

t 7 Congosignal
+

Stylosanthes

39,38
+

8,13

10.63
+

1.95
50.63 16.88
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treatment. The same trend was reflected in the fresh and dry weights of roots 

also. The fresh and dry weights of roots were 50.63 g and 16.88 g in the 

combined treatment while the corresponding sum of individual values were 44.38 g 

and 7.88 g respectively. There was a decrease in the biomass production when setaria 

was grown along with stylosanthes. The shoot fresh and dry weights of setaria were 

41.88 g and 12.5 g when grown alone, while the corresponding values were 35 g and 

10 g in the combined treatment. The sum of root fresh and dry weights were also 

decreased from 121.25 g and 41.0 g when grown alone to 88.75 g and 34.38 g 

respectively in the combined treatment (Plates 3 and 4). In all the combined 

treatments, the fresh and dry weights of shoots of stylosanthes were remarkably 

reduced than when the plant was grown alone.

4.2.3 AMF colonization, intensity and spore production in different host 

plants

Among the combined treatments, maximum colonization of 95 and 100 

per cent on 30 and 90 DAP were obtained in setaria + stylosanthes treatment 

(Table 6). The per cent mycorrhizal colonization of 71.65 and 88.96 per cent 

in the guinea grass treatment on 30 and 90 DAP was found to be decreased to 

67.05 and 82.45 per cent respectively when it was grown in combination with 

stylosanthes. Conversely, the AMF colonization percentage was found to be 

increased when setaria as well as congosignal were grown along with 

stylosanthes than when grown alone. The AMF colonization percentage of 

stylosanthes was also found to be decreased when grown in combination with 

other hosts as compared with that o f individual treatment. The intensity of



Plate 3 Root development in different mycorrhizal host plants

Plate 4 Root development in different mycorrhizal hosts 

combination with stylosanthes
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AMF colonizaiton Intensity of Spore count
Treatments c%) colonization (per 25g

30 90 30 90 substrate)

Ti Guinea grass
71.65 88.96 ++ +++ 1137.50

t 2 Set aria
89.35 93.53 ++ +++ 1075.00

t 3 Congosignal
76.60 88.73 ++ +++ 1525.00

t 4 Stylosanthes
88.70 91.63 ++++ ++++ 1625.00

t 5 Guinea grass 67.05 82.45 ++ +++
+ + + 1475.00

Stylosanthes 73.28 87.63 ++ +++
T6 Setaria 95.00 100.00 +++ +++ 987.50

+ + +
Stylosanthes 73.68 83.30 ++ +++

t 7 Congosignal 72.05 100.00 ++ ++++
+ 4- + 1612.50

Stylosanthes 73.30 81.73 ++ ++



colonization was found to be very high in the stylosanthes alone treatment. 

Among the individual treatments, stylosanthes had the highest spore count of 

1625 followed by congosignal (1525) as against the least of 1075 of setaria. In 

the combined treatments, combination o f congosignal + stylosanthes resulted in 

the production of maximum spore count of 1612.5 as against the least of 987.5 

of setaria + stylosanthes treatment. The spore production was found to be 

remarkably increased from 1137.5 when guinea grass was used as the host 

plant to 1475 in the guinea grass + stylosanthes treatment.

4.3 Effect of plant growth regulators on AMF inoculum production

4.3.1 Effect on plant growth characteristics

The application of different plant growth regulators significantly 

influenced the plant growth characteristics at different stages of growth of 

mycorrhizal sorghum (Table 7). Application of 2,4-D 4 mg l'1 significantly 

enhanced the number of leaves (6) on 30 DAP followed by IAA 100 mg I'1, 

humic acid 2000 pi l'1 and 2,4-D 2 mg l' 1 (5.67 each) and IAA 50 mg I-1 and IBA 

25 mg T1 (5.33 each) as compared to that of control plants (4). All the 

different treatments produced more number o f leaves than the control plants. 

On 60 DAP, significantly higher number of leaves were produced in treatments 

with IAA 50 mg l '1, IBA 25 and 50 mg l"1 (8 each) as against control plants (6). 

The different treatments stimulated to produce more number of leaves on 60 

DAP also. On subsequent growth stages (90 DAP), the effect of applications 

of different growth regulators did not exert significant effect to produce more 

number of leaves. With regard to plant height, application of humic acid 1000
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Table 7 Effect of foliar application of growth regulators on growth 
characteristics of mycorrhizal sorghum plants

Treatments
Number o f leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Ti IAA 25 mg l' 1 5.00 7.33 8.67 39.07 49.87 82.80

t 2 IAA 50 mg I"1 5.33 8.00 10.67 48.00 53.73 77.53

t 3 IAA 100 mg l' 1 5.67 7.00 9.33 44.23 50.50 84.23

t 4 IBA 25 mg l' 1 5,33 8.00 8.67 46.67 54.03 94.07

t 5 IBA 50 mg l'1 5.00 8.00 8.67 45.17 52.70 81.97

t 6 IBA 100 mg l’ 1 5.00 7.33 8.67 38.50 49.40 84.60

t 7 NAA 25 mg l'1 5.00 6.67 8.00 41.00 51.60 77.73

Ts NAA 50 mg T1 4.67 7.33 9.00 41.33 49.93 83.33

t 9 NAA 100 mg l'1 5.00 6.67 8.00 42.00 46.70 67.33

T io Humic acid 1000 pi l'1 5.00 7.67 10.67 52.67 65.93 80.97

Tii Humic acid 2000 (il l-1 5.67 7.33 9.00 40.00 52.03 75.23

T12 Humic acid 3000 pi l‘l 4.67 7.00 10.00 46.63 64.07 106.80

T13 2,4-D 2 mg l' 1 5.67 7.33 9.33 45.00 59.27 93.53

T14 2,4-D 4 mg l'1 6.00 7.33 9.00 38.23 51.77 73.87

Tis 2,4-D 6 mg l' 1 5.00 6.67 8.00 27.00 49.07 65.93

T16 Control 4.00 6.00 9.00 36.67 49.07 72.43

C D  (0.05) 1.27 1.83 NS 11.95 15.84 30.64



pi l-1 exerted significant effect in increasing plant height on 30 DAP and 60 

DAP (52.67cm and 65.93 cm respectively) whereas in control plants the 

corresponding values were 36.67 cm and 49.07 cm respectively. At later 

stages of growth, stimulation of plant height was most significant in treatment 

with humic acid 3000 pi 1'1(106.80 cm) as compared to  control (72.43 cm) 

(Plate 5). Most o f the treatments tended to increase the plant height than the 

untreated plants. The effect of application of most of the plant growth 

regulators increased the growth characteristics at different stages of growth of 

the mycorrhizal plants.

4.3.2 Effect on fresh and dry weights of shoots and roots

The results indicated that application of humic acid 1000 pi f l produced 

significantly higher fresh and dry weights of shoot (41.67g and 19.0 g 

respectively) and dry root weight (6.67 g) when compared with the respective 

values of 21.67, 8.4 and 2.81 g in control plants (Table 8, Plate 6). The fresh 

weight of roots of different growth regulator treated plants were on par. The 

application of IAA 50 mg f 1 also induced a significantly higher root dry weight 

(5.83g) than control. No other treatments had any significant effect on the 

biomass of the mycorrhizal plants. In most of the treatments, the fresh and dry 

weights of shoots and roots were comparatively higher than that of the 

untreated plants.

4.3.3 Effect on AMF colonization, intensity and spore count

The data on the effect of plant growth regulators on AMF colonization,



Plate 5 Effect of humic acid 3000 |il I*1 on growth of mycorrhizal sorghum





Table 8 Effect of foliar application of growth regulators on fresh and dry
weights of shoots ax J roots of mycorrhizal sorghum plants

Treatments
Weight of shoots (g) Weight of roots (g)
Fresh
weight

Dry
weight

Fresh
weight

Dry
weight

Ti IAA 25 rag I' 1 23.33 9.17 33.33 5.00

T 2 IAA 50 mg I’ 1 25.83 10.17 49.17 5. 83

t3 IAA 100 mg l"1 23.83 10.00 45.00 5.00

t4 IBA 25 mg I’1 21.67 7.50 35.00 5.00

t 5 IBA 50 mg T1 21.67 10.00 33.33 3.33

t6 IBA 100 mg l'1 25.00 10.00 32.50 4.50

t 7 NAA 25 mg l' 1 23.33 8.33 30.00 4.67

t8 NAA 50 mg l' 1 24.17 8.33 34.17 4.33

t 9 NAA 100 mg l'1 20.17 9.17 29.17 5.00

T10 Humic acid 1000 pi T1 41.67 19.00 55.00 6.67

Tn Humic acid 2000 pi l'1 20.83 7.50 32.50 3.83

T12 Humic acid 3000 pi l'1 29.00 13.33 31.67 4.17

Tn 2,4-D 2 mg l' 1 25.00 11.67 29.17 5.00

T14 2,4-D 4 mg 1_1 23.33 8.33 27.50 4.67

T15 2,4-D 6 mg Y' 20.00 6.67 30.83 4.17

Tn Control 21.67 8.40 30.60 2.81

C D (0.05) 16.18 10.00 NS 2.57



Plate 6 E f fe c t  o f humic acid 1000 pi l'1 on root development in 

mycorrhizal sorghum





intensity and spore count are presented in Table 9. The per cent mycorrhizal 

colonization in different treatments were not significant at different growth 

stages of the host plant when compared to control. A maximum of 100 per cent 

colonization was recorded in most of the treatments on 90 DAP. However, the 

mycorrhizal colonization in humic acid 1000 pi l'1 treatment was lower (94.43 

per cent on 90 DAP) when compared to most o f the treatments. The intensity 

of colonization was also remarkably very low in this treatment. The intensity 

of colonization was uniformly high or very high in all other treatments. There 

was no significant enhancement in spore production due to the application of 

different growth regulators. In contrast, the spore counts were significantly 

lower in plots treated with IAA 100 mg f 1 and NAA 25 mg l'1 (333.33 each), 

IBA 100 mg l‘l (416.67), IBA 50 mg f 1 (466.67), IAA 25 and 50 mg l"1, humic 

acid 1000 pi f 1 (533.33 each), NAA 50 mg l' 1 (583.33) and NAA 100 mg f 1 

(616.67) than control (950).

4.4 Effect of stress inducers on AMF inoculum production

4.4.1 Effect on plant growth characteristics

Different stress inducing substances were tested to estimate their 

comparative effect on plant growth characteristics of mycorrhizal sorghum and 

the results are summarised in Table 10. The different strers inducing 

substances did not exert much significant effect on the number of leaves 

produced on 30 DAP. Subsequently, the effect was more significantly 

evidenced on 60 DAP. Significantly higher number of leaves were produced in 

treatments with ethrel 25 pi I'1, ABA 0.5 mg l'1, AJ3A 1.0 mg I'1, ABA 2.0 mg l '1,



Table 9 Effect of foliar application of growth regulators on AMF colonization,
intensity and spore production in sorghum plants

Treatments

AMF colonization 
<%)

Intensity of 
colonization

Spore
count

Days after planting Days after planting (per 25g 
substrate)30 90 30 90

Ti IAA 25 mg l'1 84.43 100.00 ++ ++++ 533.33

t 2 IAA 50 mg I'1 86.47 100.00 ++ +++ 533.33

t 3 IAA 100 mg l' 1 89.97 100.00 +++ ++++ 333.33

t 4 IBA 25 mg I"1 84.27 99.17 ++ ++++ 1133.33

t 5 IBA 50 mg l'1 83.30 100.00 +++ ++++ 466.67

t 6 IBA 100 mg l' 1 80.23 98.60 +++ ++++ 416.67

t 7 NAA 25 mg l'1 81.53 100.00 +++ ++++ 333.333

t 8 NAA 50 mg l'1 88.10 100.00 ++ +++ 583.33

t 9 NAA 100 mg l'1 76.90 98.70 ++ ++++ 616.67

T io Humic acid 1000 pi l'1 73.87 94.43 + ++ 533.33

T„ Humic acid 2000 pi l-1 87.90 100.00 ++ ++++ 1250.00

T12 Humic acid 3000 pi l-1 83.33 100.00 ++ ++++ 1066.67 -

T13 2,4-D 2 mg I'1 82.77 100.00 +++ ++++ 866.67

T14 2,4-D 4 mg I’1 90.67 100.00 +++ ++++ 933.33

Tis 2,4-D 6 mg I'1 85.67 100.00 ++ ++++ 1050.00

T,« Control 86.33 98.70 ++ +++ 950.00

C D (0.05) NS 4.39 - - 304.1 1
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Table 10 Effect of foliar application of stress inducers on plant growth
characteristics of mycorrhizal sorghum plants

Treatments
Number o f leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

Ti Ethre! 25 pi I'1 4.33 8.67 12.67 48.73 78.73 101.70

t 2 Ethrel 50 jil r 1 4.33 8.00 12.00 43.67 60.23 93.03

t 3 Ethrel 100 pi I'1 4.00 6.67 10.00 42.23 63.73 95.90

t 4 ABA 0.5 mg l' 1 4.33 8.67 10.00 44.60 71.17 123.57

t 5 ABA 1.0 mg I' 1 4.67 8.67 10.67 44.33 70.07 , 98.67

t 6 ABA 2.0 mg l' 1 4.67 8.67 9.67 41.70 65.13 102.97

Tt NaCl 0.5 % 4.33 8.33 10.00 41.23 62.07 96.00

Tg NaCl 1.0 % 4.33 8.00 9.00 40.67 65.13 118.07

t 9 NaCl 1.5 % 4.67 8.67 10.00 43.87 67.33 108.27

TI0 Water stress on 15 D.A.P. 4.67 7.67 9.00 40.87 62.17 98.23

T„ Water stress on 45 D.A.P. 4.33 6.67 10,67 37.70 52.30 85.10

T,2 Water stress on 75 D.A.P. 5.67 8.33 13.33 52.03 69.27 80.67

T13 Control 5.00 6.33 8.67 41.70 57.83 102.83

C D. (0.05) NS 1.96 3.36 NS 20.01 NS



NaCl 1.5 per cent (8,67 each), NaCl 0.5 per cent (8.33) and water stress on 75 

DAP (8.33). In all the rest of the treatments also, more number of leaves were 

produced as compared to control (6.33). Most significant increase in number 

of leaves on 90 DAP was observed in water stress on 75 DAP treatment 

(13,33) followed by ethrel 25 |il I'1 (12.67) as compared to control plants (8.67) 

(Plate 7). In all other treatments also, number o f leaves produced were 

comparatively higher than that o f control. The different stress inducers tested 

did not exert much influence on the plant height during early stage of growth. 

The plant height in ethrel 25 \i\ f l treated plants were found to be significantly 

increased on 60 DAP (78.73 cm) while it was only 57.83 cm in the control 

plants. In most of the other treatments too, plant height was remarkably 

higher than the untreated plants on 60 DAP. During later stages o f growth (90 

DAP) also, the influence of different stress inducers were not significant in 

increasing plant height.

4.4.2 Effect on fresh and dry weights of shoots and roots

The different plant stress inducers were tested to find out their effect on 

fresh and dry weights of shoots and roots of mycorrhizal sorghum plants. The 

stress inducing substances could not make any significant influence on the dry 

matter production of the mycorrhizal plants (Table 11).

4.4.3 Effect on AMF colonization, intensity and spore count

The results of the data on application of stress inducers on AMF 

colonization, intensity and spore production are presented in Table 12.



Plate 7 Influence of water stress on growth of mycorrhizai sorgh
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Table 11 Effect of foliar application of stress inducers on fresh and dry weights 
_________ of shoots and roots of mycorrhizal sorghum plants_________________

Treatments
Weight o f shoots (g) Weight o "roots (g)
Fresh

weight
Dry

weight
Fresh
weight

Dry
weight

Ti Ethrel 25 |il I' 1 40.83 9.17 38.33 7.83

t 2 Ethrel 50 |tl l'1 39.17 8.33 35.00 7.50

t 3 Ethrel 100 nl l' 1 42.50 9.17 25.83 5.83

t 4 ABA 0.5 mg l'1 31.67 6.67 25.00 5.67

t 5 ABA 1.0 mg l’ 1 27.50 5.00 26.67 5.83

T* ABA 2.0 mg l’ 1 28.33 5.00 31.67 5.00

t 7 NaCI 0.5 % 28.33 5.00 21.67 4.33

Tg NaCl 1.0 % 31.67 5.67 28.33 6.67

t 9 NaCI 1.5 % 41.67 7.50 27.50 6.67

Tio Water stress on 15 D.A.P. 24.17 2.50 21.67 4.67

Tn Water stress on 45 D.A.P. 30.00 5.33 21.67 5.17

T12 Water stress on 75 D.A.P. 30.00 5.00 26.67 5.00

T , 3 Control 26.67 5,83 31.67 5.83

C D. (0.05) NS NS NS NS



Table 12 Effect of foliar application of stress inducers on AMF colonization, 
intensity and spore production in sorghum plants

Treatments

AMF colonization 
(%)

Intensity of 
colonization

Spore 
count 

(per 25g 
substrate)

Days after planting Days after planting
30 90 30 90

Ti Ethrel 25 jo.11'1 83.80 96.73 ++ +++ 1083.33

t 2 Ethrel 50 pi I’1 94.43 100.00 +++ ++++ 683.33

t 3 Ethrel 100 |tl l’1 88.40 97.53 ++ +++ 583.33

t 4 ABA 0.5 mg l’1 95.47 100.00 ++ ++++ 583.33

t 5 ABA 1.0 mg l’1 90.47 100.00 ++++ ++-H- 683.33

t 6 ABA 2.0 mg l'1 94.43 100.00 +++ ++++ 983.33

t 7 NaCl 0.5 % 88.57 100.00 + ++++ 983.33

t 8 NaCl 1.0 % 84.10 100.00 ++++ 1016.67

t 9 NaCI 1.5 % 95.00 100.00 +++ ++++ 1233.33

Tio Water stress on 15 D.A.P. 100.00 100.00 ++ ++++ 1300.00

Tn Water stress on 45 D.A.P. 88.33 100.00 ++ ++++ 2300.00

T12 Water stress on 75 D,A.P. 100.00 100.00 +++ ++++ 2500,00

T13 Control 82.20 98.70 ++ +++ 616.67

C.D. (0.05) 17.53 NS - - 343.98



Significantly higher levels of AMF colonization of 100 per cent was observed on 

30 DAP with water stress on 15 and 75 DAP treatments as against control plants 

(82.20 per cent). On 90 DAP, most of the treatments induced 100 per cent AMF 

colonization and very high intensity of colonization. However, the intensity of 

colonization was found to be less in ethrel 25 pi l"1 and 100 pi l'1 treatments and 

control than the rest of the treatments. Significantly higher spore counts were 

observed in all the treatments which were subjected to water stress, in all the NaCl 

applied treatments and in ethrel 25 pi l' 1 treatment with maximum being in water 

stress 75 DAP (2500) as compared to the control plants (616.67). The spore 

count was found to be progressively increased with increasing quantities of NaCl 

and with induction of water stress during later stages of plant growth. Conversely, 

the spore counts were tended to be decreased proportionately with increase in the 

quantity of ethrel (1083.33, 683.33 and 583.33 with ethrel 25 pi l'1, 50 pi I'1 and 

100 pi l'1 respectively). Application of lower doses o f ABA did not have any 

significant effect on the number of spores produced as compared with control, 

while ABA 2 mg l' 1 significantly enhanced the spore production (983.33).

4.5. Effect of plant protectants on AMF inoculum production

4.5.1 Effect on plant growth characteristics

The results of the experiment to test the effect of commonly used plant 

protectants on plant growth are presented in table 13. The effect of different 

plant protection chemicals tested were not significant on the number of leaves 

produced on 30 and 90 DAP. However, the effect of application of streptomycin 

1000 mg l'1 and 2000 mg l’1 and metalaxyl 1000 mg I’1 significantly increased

6 a
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Table 13 Effect of plant protectants on plant growth characteristics of 
mycorrhizal sorghum plants

Treatments
Number of leaves Plant height (cm)

Days after planting Days after planting
30 60 90 30 60 90

T, Carbofuran 0.75 g /  plant 5.00 6.67 9.00 36.50 49.80 76.63

t 2 Carbofuran 1.5 g / plant 5.00 7.33 8.33 42.53 48.80 84.00

t 3 Carbofuran 2.25 g / plant 5.33 7.67 8.33 45.77 52.80 74.47

T4 Metalaxyl 500 mg l"1 5.00 7.00 8.67 35.17 45.33 63.70

t 5 Metalaxyl 1000 mg l' 1 6.00 8.67 9.33 47.60 60.23 92.53

Te Metalaxyl 2000 mg l' 1 5.33 7.67 8.67 43.37 56.57 78.57

t 7 Streptomycin 500 mg l*1 5.00 7.33 8.33 44.13 54.57 85.57

t 8 Streptomycin 1000 mg l*1 6.33 8.33 9.00 50.33 66.53 102,87

T9 Streptomycin 2000 mg l' 1 5.33 8.33 9,67 46.20 62.57 110.97

T10 Control 5.00 6.00 8.00 33.10 46.97 60.33

C. D. (0.05) NS 1.99 NS 14.97 18.13 35.99



number of leaves on 60 DAP with respective values o f 8.33, 8.33 and 8.67 as 

compared to 6 o f control plants. The effect o f streptomycin was more 

pronounced at higher doses in enhancing the number o f leaves produced at 

different growth stages of the plant. The response of mycorrhizal plants to the 

different plant protectants varied widely among treatments with respect to 

plant height. Most significant increase in plant height was observed in 

streptomycin 1000 mg l' 1 treatment on 30 and 60 DAP (50.33 and 66.53 cm 

respectively) in contrast to control plants (33.10 and 46.97 cm respectively), 

while streptomycin 2000 mg I' 1 treatment produced maximum plant height on 

90 DAP (110.97 cm) which was followed by streptomycin 1000 mg Tl (102.87) 

as compared to control (60.33 cm) (Plate 8).

4.5.2 Effect on fresh and dry weights of shoots and roots

Different plant protectants were applied on the mycorrhizal sorghum 

plants to test their effect on the fresh and dry weights of shoots and roots 

(Table 14). None of the chemicals had significant effect on the dry matter 

production of the mycorrhizal plants.

4.5.3 Effect on AMF colonization, intensity and spore production

Data revealed that plant protection chemicals did not significantly 

influence the AMF colonization (Table 15). The per cent AMF colonization 

was high in all the treatments with maximum of 100 in carbofuran 0.75 g per 

plant treatment. The intensity of colonization was also uniformly high in all the 

treatments with maximum in streptomycin 500 mg l*1 and 1000 mg l'1. There



Plate 8 Effect of streptomycin 2000 mg I'1 on growth of mycorrhizal sorghum
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Table 14 Effect of plant protectants on fresh and dry weights of shoots and 
_________ roots of mycorrhizal sorghum plants________ __________________

Treatments
Weight of shoots (g) Weight o f roots (g)
Fresh

weight
Dry

weight
Fresh

weight
Dry

weight

T, Carbofuran 0.75 g / plant 23.33 13.17 57.50 4.67

t 2 Carbofuran 1.5 g / plant 25.83 13.33 60.00 6.67

t 3 Carbofuran 2.25 g / plant 25.00 14.67 80,00 9.17

t 4 Metalaxyl 500 mg l'1 20.83 11.00 58.33 5.00

t 5 Metalaxyl 1000 mg l"1 40.83 20.83 96.67 8.67

r 6 Metalaxyl 2000 mg l"1 22.50 11.83 65.67 6.17

t 7 Streptomycin 500 mg l'1 22.50 13.50 37.67 5.17

t 8 Streptomycin 1000 mg l' 1 40.83 21.67 64.00 6.67

t 9 Streptomycin 2000 mg l'1 40.00 21.83 55.00 7,50

T10 Control 20.83 11.50 65.00 5.00

C. D. (0.05) NS NS NS NS



Table 15 Effect of plant protectants on AMF colonization, intensity and spore 
production in sorghum plants

Treatments

AMF colonization 
(%>

Intensity of 
colonization

Spore 
count 

(per 25g 
substrate)

Days after planting Days after planting
30 90 30 90

Ti Carbofuran 0.75 g / plant 100.00 100.00 +-H- +++ 466.67

t 2 Carbofuran 1.5 g / plant 92.13 98.60 +++ +++ 400.00

t 3 Carbofuran 2.25 g / plant 97.77 98.70 ++ +++ 333.33

t 4 Metalaxyl 500 mg l' 1 90.77 96.80 ++ +++ 466.67

t 5 Metalaxyl 1000 mg l’ 1 91.37 98.70 ++ 766.67

t 6 Metalaxyl 2000 mg l’ 1 89.58 96.27 ++ +++ 800.00

t 7 Streptomycin 500 mg l'1 87.73 96.27 ++ -H-++ 533.33

t 8 Streptomycin 1000 mg I-i 88.67 96.67 +++ ++++ 533.33

t 9 Streptomycin 2000 mg Tl 92.87 97.33 +++ +++ 766.67

T io Control 90.97 95.70 +++ +++ 1133.33

C. D. (0.05) NS NS - - 356.93



was significant reduction in spore production due to the application of 

different plant protection chemicals, with the maximum reduction recorded in 

plots treated with carbofuran 2.25 g / plant (333.33) followed by carbofiiran

1.5 g / plant (400) and carbofuran 0.75 g per plant (466.67) as against 1133.33 

in untreated plots. The number of spores produced were progressively reduced 

at every increase in concentrations of carbofuran while the reverse happened 

with respect to metalaxyl and streptomycin. The spore production was 

progressively found to be increased from 466.67 in metalaxyl 500 mg I' 1 

treatment to 766.67 in metalaxyl 1000 mg f 1 and to 800 in metalaxyl 2000 mg 

f 1 treatments. A similar increase from 533.33 in streptomycin 500 and 1000 

mg f 1 to 766.67 in streptomycin 2000 mg l' 1 was noticed.

4,5.4 Effect on the associated microflora of the rhizosphre

The application of different plant protection chemicals showed a highly 

varying trend on its effect on the population of different microflora in the 

substrate (Table 16). The total fungal flora was not significantly affected due 

to different plant protectants. However, the data revealed that the fungal flora 

were comparatively higher in most of the treatments with maximum being in 

carbofuran 1.5 g per plant (11.49) followed by metalaxyl 2000 mg l'1 (10.48) 

as compared to the population in control (4.92). Application of metalaxyl at 

different doses tended to stimulate the fungal population in the substrate.

The population of actinomycetes was found to be significantly increased 

due to application of different plant protection chemicals except in metalaxyl 500 mg f 

1 and 1000 mg 1*’ treatment and carbofuran 2.25 g / plant (4.97, 2.05 and 5.05
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Table 16 Effect of plant protectants on the associated microflora in the 
_________ rhizosphere of mycorrhizal sorghum plants________________

Treatments
Fungi

io3/g

Actinomycetes

104/g

Bacteria

io5/g

T, Carbofuran 0.75 g plant-1 8.29 (3.05) 8.85 (3.14) 1.65 (1.47)

t 2 Carbofuran 1.5 g plant-1 11.49 (3.53) 13.44 (3.80) 8.98 (3.16)

t 3 Carbofuran 2.25 g plant-1 4.66 (2.38) 5.05 (2.46) 33.94 (5.91)

t 4 Metalaxyl 500 mg l'1 5.81 (2.61) 4.97 (2.44) 10.03 (3.32)

t 5 Metalaxyl 1000 mg l'1 5.27 (2.50) 2.05 (1.75) 5.73 (2.59)

t 6 Metalaxyl 2000 mg F1 10.48 (3.39) 17.33 (4.28) 19.51 (4.53)

t 7 Streptomycin 500 mg l’1 5.63 (2.58) 16.83 (4.22) 6.99 (2.82)

t 8 Streptomycin 1000 mg l'1 9.86 (3.30) 25.90 (5.19) 17.60 (4.31)

t 9 Streptomycin 2000 mg l' 1 6.58 (2.75) 11.20 (3.49) 1.74 (1.65)

T io Control 4.92 (2.43) 3.32 (2.08) 11.55 (3.54)

CD (0.05) NS ( 1.22) (1.72)

Figures in parantheses indicate transformed values (square root transformation)



respectively). Most significant increase in actinomycetes population was 

observed in streptomycin 1000 mg l'1 (25.90) followed by metalaxyl 2000 mg Y 

1 (17.33) and streptomycin 500 mg l'1 (16.83) as against 3.32 in control. 

Streptomycin application at 500 and 1000 mg l*1 was found to have stimulatory 

effect on the total populations of actinomycetes but at 2000 mg l '1, the 

population was found to be reduced. A similar effect o f reduction in 

actinomycete population was also found at higher concentration of carbofuran 

2.25 g /  plant. Although the population of actinomycetes was lower at low 

doses of metalaxyl (4.97 and 2.05), the population was significantly increased 

at higher concentration of metalaxyl 2000 mg l'1 (17.33).

An erratic trend on the population of bacteria with different doses of 

different plant protection chemicals tested was evident. The bacterial 

population was most significantly increased in carbofuran 2.25 g / plant 

treatment (33.94) while the population was significantly decreased in 

carbofuran 0.75 g / plant treatment (1.65) and in streptomycin 2000 mg l' 1 

treatment (1.74) as compared to control (11.55). The bacterial population was 

not significantly affected by the other treatments.



DISCUSSION



5. DISCUSSION

The lack of sufficient quantity o f prime inoculum is the chief 

impediment in the adoption of AMF technology in sustainable agriculture. 

The present investigation was aimed at standardizing mass production 

techniques o f AMF inoculum. Experiments were conducted to select suitable 

substrates and host plants for mass production of AMF and to study the effect of 

plant growth promoters, stress inducers and plant protectants on AMF 

colonization and spore production.

Soil was often used as the substrate for the AMF inoculum production. 

But, due to its high bulk density, efforts were made to find out other 

substances that can be used as effective substrates and carrier materials for the 

inoculum production. The present study to select the most suitable substrate 

combination for AMF mass inoculum production using sorghum as host plant 

showed that the different substrate combinations did not influence the plant growth 

characteristics and dry matter production of sorghum (Table la  and 2a). The basal 

medium, vermiculite and the other substrate, perlite used in the experiment are 

inert materials and do not carry much nutrients. Hence, neither substantial growth 

enhancement nor biomass production is expected due to the different substrate 

combinations. Moreover, all the plants in the experiment were uniformly treated 

with nutrient solution during different growth stages. Analysis of the data further 

indicated that the interaction effect of perlite with soil significantly enhanced 

plant height mainly due to the perlite component rather than soil (Table lb), 

while there was no significant effect due ' trac tion  between perlite +



cowdung and cowdung + soil. The main effect o f perlite also significantly 

enhanced growth characteristics in addition to significant increase in biomass 

production (Tables lc  and 2c) whereas main effect o f soil or its interaction did 

not exert any significant influence on growth and biomass production. 

Significant enhancement of growth and biomass production due to the use of 

perlite-soilrite mix as substrates was obtained in rhodes grass (Sreenivasa and 

Bagyaraj, 1988a). Perlite, being low in organic matter and nutrient contents, is 

considered to be an ideal substrate for AMF mass production which permits 

improved aeration for AMF growth and spread (Wang et al., 1993). Hence, it 

is inferred that growth enhancement and increase in biomass production 

noticed in perlite 20 per cent + cowdung 5 per cent + soil 10 per cent 

treatment is due to the effect of perlite. Significant increase in plant height was 

noticed due to the main effect of cowdung during the early stages of growth 

(Table lc). It could be attributed to the availability o f various nutrients in the 

organic manure (Cerna, 1980).

In all the substrate combinations a very high mycorrhizal colonization of 

above 90 percentage was observed which showed that the different substrate 

combinations did not exert much influence on mycorrhizal colonization and 

intensity. However, main effect of perlite 20 per cent significantly stimulated 

mycorrhizal colonization on 30 DAP, while the main effect of cowdung 10 per 

cent significantly reduced the per cent mycorrhizal colonization (Table 3c). 

Similar observations on the stimulatory effect of perlite (Sreenivasa and 

Bagyaraj, 1988; Mallesha et a\., 1992) and the inhibitory effect of cowdung at 

higher doses on mycorrhizal colonization (Sylvia, 19^4; Aziz and Habte, 1988)



were reported.

The spore production was most significantly increased in perlite 20 per 

cent + cowdung 5 per cent + soil 10 per cent (1028.31) combination which 

accounts for an increase of 177.30 per cent over control (580) (Table 3a and Fig. 

1). Significant increases in spore production were also noticed in the 

treatments, perlite 0 + cowdung 5 per cent + soil 10 per cent (819.92), perlite 

0 + cowdung 10 per cent + soil 10 per cent (697.61) and perlite 20 per cent + 

cowdung 5 per cent + soil 0 (678.43). The data clearly showed the synergistic 

interaction effect of perlite, cowdung and soil in the right proportions in 

stimulating spore production. However, there was a reduction in spore 

production at higher doses of cowdung (at 10 per cent level), while at lower 

doses, it also stimulated the spore production probably due to the inhibition of 

mycorrhizal development consequent to higher nutrient availability. Further, 

the two factor interaction effect o f perlite with minimal doses o f cowdung 

significantly boosted the spore count (Table 3b(i)), while at higher doses of 

cowdung, the spore count showed a decreasing trend. Cowdung and soil 

interaction exerted maximum effect on spore production (921.17) (Table 3b 

(iii)). Similar positive interaction between soil and organic matter leading to 

higher AMF colonization and sporulation has been observed in sorghum 

(Zambolim et a l 1992). The interaction due to perlite and soil also 

significantly enhanced spore production (685.97) as compared to the treatment 

without perlite and soil (372.31).

The main effect of perlite, cowdung and soil also significantly increased 

the spore production to varying extents. Maximum spore production was
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Fig. 1 Effect of different substrates on AMF spore 
production in sorghum plants 
(three factor interaction)

H Spore count (per 25 g substrate)

Treatments

So
il 

co
nt

ro
l



7 4

achieved with cowdung 5.0 per cent which was followed by soil and perlite. 

The deleterious effect of cowdung on spore production at higher dose (10 per 

cent) was further evident here (Table 3c). The stimulatory effect of various 

substrates like perlite and soilrite on AMF spore production has been reported 

by various workers (Sreenivasa and Bagyaraj, 1988; Mallesha et al., 1992; Rao 

et al., 1995). Harinikumar and Bagyaraj (1989) observed that cowdung can 

promote AMF sporulation by enhancing root volume and the resultant 

proliferation of AMF in rhizosphere. But, when the level of cowdung was 

increased in the substrate, the nutrient availability was increased, particularly 

‘P \  Mycorrhizal colonization and spore production are greatly affected in ‘P’ 

rich soils (Aziz and Habte, 1988). Hence, the decrease in spore production at 

higher levels of cowdung might have been due to increased ‘P’ availability and 

the resultant suppression of sporulation. Soil is believed to be the ideal 

medium for AMF inoculum production and greatly favour AMF development 

and sporulation (Lakshman and Raghavendra, 1995). Its high bulk density 

prompted researchers to seek other substrates. The study emphasised the 

importance of inclusion of soil as an integral component of the substrate 

combination. The ideal substrate combination evolved in the present 

investigation for AMF inoculum production is perlite 20 per cent + cowdung 5 

per cent + soil 10 per cent with 65 per cent vermiculite as the basal medium.

The comparative efficiency of guinea grass, setaria, congosignal and 

stylosanthes alone and the three grasses in combination with stylosanthes was 

tested for mass production of mycorrhizal inoculum. The growth 

characteristics of guinea grass (number of tillers and plant height) was slightly



reduced when stylosanthes was grown along with it (Table 4), while with 

setaria and congosignai the combination rather increased the growth 

characteristics of the two grasses. This may be due to the better nitrogen 

nutrition achieved through the nitrogen transfer from legume to non- 

leguminous grass. However, the growth of sytlosanthes was highly reduced 

when it was combined with the grasses probably due to the competition for 

nutrients other than nitrogen.

It is clear from the data that setaria is a good host for maximum 

biomass production since a large root volume is always preferred for an ideal 

AMF host plant (Jarstfer and Sylvia, 1992). Setaria has been suggested as a 

suitable host for AMF inoculum production by other workers too (Chulan and 

Omar, 1987 ; Sivaprasad, 1998). However, no.t withstanding its ability to 

produce higher root volume, in the present investigation, setaria alone or in 

combination with stylosanthes harboured significantly less number of spores 

(Table 6). Data on the biomass production of different mycorrhizal host plants 

in combination with stylosanthes indicated that the fresh and dry weights of 

shoots and roots were highly increased when guinea grass and congosignai 

were combined with stylosanthes while the biomass production was reduced 

when setaria was grown along with stylosanthes (Table 5).

Analysis of the suitability of these hosts for maximising spore counts 

indicated that of all the hosts and their combinations tested, maximum spore 

production was with stylosanthes (1625) followed by its combination with 

congosignai (1612.5) and congosignai alone (1525) (Table 6). This is in



agreement with the earlier finding by Singh (1992) who observed that out of the 

eight forage grasses tested, maximum spore production was achieved in the 

stylosanthes combination. However, the low root volume produced by the 

stylosanthes is an undesirable quality for using it as a host for commercial level 

inoculum production. In contrast, congosignal, in addition to its ability to produce 

significantly higher spore count as compared to setaria and guinea grass also 

produced good biomass. Guinea grass, though widely used as a host for AMF 

inoculum production (Bagyaraj and Manjunath, 1980), supported less spore 

production. Hence, congosignal which possesses the ability to produce higher 

spore count and a reasonable level of root volume can be combined with 

stylosanthes, which although recorded less root volume, harbours significantly 

higher number of spores. Thus, congosignal + stylosanthes was identified as the 

ideal host combination in the present study for maximising AMF colonization and 

spore production.

Growth regulator application showed a positive effect on the growth 

characteristics of mycorrhizal sorghum. The treatments with IAA 50 and 100 mg 

l'1, IBA 25 and 50 mg l"1, humic acid 2000 pil I"! and 2,4-D 2 and 4 mg l'1 

significantly increased the number of leaves during the early stages of plant growth 

(Table 7 and Fig. 2 and 3). The growth stimulating properties of these piant 

growth regulators, particularly during the early stages of piant growth are weii 

documented (Salisbury and Ross, 1992). Dutra et al. (1996) and Souza ei al 

(1996a, 1996b) observed that IBA had positive effect on the growth of mycorrhizal 

citrus seedlings. The growth stimulating properties of humic acid by 

increasing soil aggregation, aeration, permeability and by enabling the plants to
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Fig. 2 Effect of growth regulators on number of 
leaves of mycorrhizal sorghum plants
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Fig. 3 Effect of growth regulators on plant 
height of mycorrhizal sorghum plants
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utilize nutrients efficiently have been reported by Tan and Nopamornbodi 

(1979) and Muller-Wegener (1988).

With regard to biomass production, the superior effect of humic acid 

1000 pi l"1 was evident. It significantly increased fresh and dry weights of 

shoots and roots consistently (Table 8). Higher doses o f humic acid (above 

2000 mg f l) had been postulated to be phytotoxic and strongly inhibited fresh 

and dry weights of shoots and roots o f laurel plants (Vallini et al., 1993). 

None of the other plant growth regulators tested showed any significant effect 

on biomass production ; perhaps the response of mycorrhizal plants to different 

growth regulators depends on the type of growth regulators, the AMF species and 

the host plants used. In the present study, humic acid 1000 [tl l*1 produced the 

best response in mycorrhizal sorghum plants for plant growth and biomass 

production.

The per cent mycorrhizal colonization was found to be very high in 

most of the treatments including control (more than 98 per cent), although it 

was significantly reduced by humic acid 1000 \x\ _1 (94,43 per cent) (Table 9 and 

Fig. 4). This could be attributed to higher root proliferation of the host as 

induced by the different growth regulators. However, there was no significant 

increase in spore production in any of the treatments (Fig. 5). The AMF spore 

count was found to be progressively decreased with increasing concentrations 

of IAA and IBA, while it was increased with increase in concentration of NAA 

and 2,4-D (Fig. 5). Firdaus et al. (1988) reported that AMF sporulation and 

infection was found to be reduced with increasing doses of IAA. The optimum 

concentration of humic acid for increasing AMF spore production was found



Treatm
ents

Percentage AMF colonization

IAA25 mg 

IAA 50 mg 1 

IAA lOOmg 1 

IBA 25 mg 1 

IB A 50 mg I 

IBA 100 mg 1 

NAA25mgl 

NAA 50 mg 1 

NAA 100 mg I 

H. A. 1000 fil 1 

H. A. 2000 pi r '

H. A  3000 jul

2.4- D 2 mg T

2.4- D 4 mg 1'

2.4- D 6 mg 1"' 

Control

Fig. 4 Effect of grow
th regulators on A

M
F 

colonization in sorghum
 plants



Sp
or

e 
co

un
t

01

F ig . 5 E ffect o f  grow th  regu la tors on  A M F  spore  
production  in  sorgh u m  p lants

0  Spore count (per 25 g substrate)
1400—i

1200 -

1000 -

800

600-

400-

200-

P p w{»? dky

I  I  I '
p p P : p: I  |
I  I  I
P P- Pv
4 , I  I
i .  p  II1:1
P P P
P I  
P I  I  

£  I '^3.

£ £ £ £ £ £ E £ E
in O
cn m

oo

3 s  3^  I—< ■>

m O 
(N  m

c  <a a
oo
<a

S  °  s04 m o

1  I  5

Treatments



to be 2000 pi l*1. Detailed investigations are required to determine the 

optimum concentraiton at which other plant growth regulators promote AMF 

sporulation.

Vallini et al. (1993) observed that the AMF sporulation was not 

inhibited by increasing the doses of humic acid. He further pointed out that a 

slight depression of AMF infection was observed at a concentration of 3000 

mg l*1 which could have possibly been mediated by the plant. However, it may 

be mentioned that studies on the effect of different growth regulators on inoculum 

production is sparse. The reduction in the spore count observed in some of the 

treatments could probably be due to the deleterious effect of the particular 

chemical. Conversely, certain growth regulators enhanced spore production with 

increase in doses which might be due to its inherent ability to promote plant growth 

and biomass, mycorrhizal colonization and spore production. Further detailed 

investigations are required to elucidate the specific effects of different growth 

regulators and the mechanisms involved in their response to mycorrhizal colonization 

and spore production.

Different stress inducing substances were tested in mycorrhizal sorghum 

plants to evaluate their response on AMF inoculum production. Significant 

increase in number of leaves was observed in the treatments, ethrel 25 pi l*1, 

ABA 0.5, 1.0 and 2.0 mg l'1, NaCl 0.5 and 1.5 per cent and water stress on 75 

DAP on 60 days after planting (Table 10). On 90 DAP, the number of leaves 

were found to be significantly increased due to ethrei 25 pi f 1 and water stress 

on 75 DAP treatments. Plant height was significantly increased in ethrel 25 pi 

l*1 treatment on 60 DAP. No other treatments enhanced plant height
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significantly during the different growth stages of the plant. Eventhough ethrel 

is commonly used as a flowering hormone, it can also promote shoot growth 

and elongation (Salisbury and Ross, 1992). However, ethrel is also reported to 

affect plant growth due to its activity on root formation and development 

(Azcon-Aguilar et al.t 1981).

The data further indicated that although there was a transient growth 

stimulation due to different stress inducers like ethrel, ABA, NaCl and water 

stress, the effect was not sustained throughout the life o f the plant. This is 

truly reflected in the dry matter production of the mycorrhizal sorghum plants 

(Table 11). None of the treatments produced significantly higher fresh and dry 

weights o f shoots and roots compared to control.

The mycorrhizal colonization was found to be uniformly very high in all 

the treatments during the later stages o f plant growth (Table 10). However, 

maximum colonization of 100 per cent was achieved in plants which were 

given water stress at early stages of growth (Fig. 6). The mycorrhizal spore 

production was significantly enhanced due to foliar application of different 

stress inducers at varying concentrations (Table 12). Water stress given at 

different stages of the plant growth most significantly enhanced the AMF spore 

production; the maximum enhancement being when water stress was given on 

75 DAP (2500) (Fig. 7). Similar positive effects of water stress on 

mycorrhizal colonization and spore production were amply described by 

several workers (Baylis, 1969, Iqbal and Tauqir, 1982; Mahmood and Iqbal, 1982; 

Sieverding and Toro, 1988, Pai et al.9 1990; Simpson and Daft, 1990b, 

Sivaprasad, 1995). This could probably be attributed to the induction of
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Fig. 7 Effect of stress inducers on AMF spore 
production in sorghum plants
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senescence thereby triggering early sporulation (Ferguson and Woodhead, 

1982) or the fungus might have reacted by increasing the production of 

propagules to survive in the stressed conditions.

The effect o f NaCl also resulted in significant increase in spore 

production and there was a corresponding increase in the spore count with 

increasing concentrations o f NaCl. This is in contrary to the earlier reports 

that NaCl inhibits the azygospore production, spore germination and hyphal 

growth of AMF (Hirrel, 1981 and Estaun, 1990). The exact mechanism of 

stimulated spore production due to NaCl obtained in the present investigation 

need to be investigated further for arriving at definite conclusions.

Spore production was also significantly enhanced due to ethrel 25 pi l'1 

treatment while its higher concentrations nullified this effect. Ishii et al. 

(1996) observed that very low levels o f ethylene increased the sporulation and 

growth of AMF in trifoliate orange. However, at higher doses, it suppressed 

AMF formation due to the release of ethylene which could be an inhibitor of 

the fungal propagules in soil (Primrose, 1979 and Azcon-Aguilar et a l 1981). 

These findings are in agreement with the present investigation also. The 

increase in AMF spore count could probably be achieved at a still lower 

concentration of ethrel. But, it is difficult to determine the critical 

concentration of ethrel since the ethylene released from it into the soil is 

degraded by the ethylene oxidising bacteria.

There was an increasing trend in the spore production with increase in 

the concentration of ABA and at the highest concentration tested (ABA 2 mg f  

*), the spore production was significantly increased. It is evident from the
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experiment that the different stress inducers exerted significant influence on 

the spore production out of which the maximum was achieved with water 

stress induced at different growth stages of the plant. Hence, induction of 

water stress at iater stages of growth of the host piant couid be recommended 

as a standard practice for achieving maximum sporuiation in AMF inocuiuin 

production systems, information regarding the optimum concentrations of 

etnrei, ABA and NaCl for maximum spore production is not deiineated in the 

present study and requires further investigations.

From the resuits of the study on the effect of plant protectants on 

growth characteristics of mycorrnizai plants, it is evident that metaiaxyi 1000 

mg P  exerted significant influence in increasing the leaf number, while 

streptomycin 1000 and 2000 mg P  significantly influenced the number of leaves 

and piant height (Tabie 13 and Fig. 3). It has been reported that AMF

inoculation can improve piant growth, particularly when applied with 

metaiaxyi, probably by reducing the pathogenic microorganisms in the 

rnizospnere of host plants (Afek et ai., 1991). Its growth enhancement effect 

was further reported in mycorrnizai groundnut by increasing production of 

nodules (Anusuya and D'naneswari, 1995) and in mycorrnizai wheat (Shetty 

and Magu, 1997). The effect of streptomycin in significantly increasing the 

growth characteristics might be due to its antibiotic effect on phytopathogenic 

bacteria and stimulatory effect on other beneficial microflora in the 

rnizospnere. The data on the effect of piant protectants on associated 

microfiora substantiate this inference in which the actinomycetes population 

was significantly higher than control (Tabie 16).
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S3 Number of leaves 
□  Plant height (cm)

120

4m* 4-* 4-1 4 —• — — —
-O' 00 00 00 00 00 00

£ £ £ £ £ £00 00 00 o o o o o o«n »n in o o o o o of- (N m o o m o o
o c-i <N ■*-» CN

X> 4> Cl 4-i
■6
CJ

ueCV -ecC
U

2 1
<U
2

4>Vn♦-» aDw,4-»c/a
Q.US—■*-»C/5

coo

Treatments



89

Eventhough carbofuran application has been reported to stimulate 

growth of mycorrhizal plants (Venkateswarlu and Daft, 1995), its effect was 

not significant on sorghum in the present investigation. The effect of plant 

protectants did not show any significant influence on the dry matter production 

of sorghum plants (Table 14). It has been reported by Venkateswarlu and Daft 

(1995) that plant protection chemicals especially carbofuran did not exert 

much influence on the shoot and root biomass of mychorrhizal plants.

No significant variation in AMF colonization was observed due to the 

application of different plant protectants (Table 15). But the intensity of AMF 

colonization was high in all the plant protectants treated plots and very high 

intensity of colonization was recorded in plants treated with streptomycin 500 

and 1000 mg l*1. This implied that the different chemicals tested did not affect 

the AMF colonization in sorghum. However, the application of different plant 

protectants significantly suppressed the AMF spore production (Fig. 9). 

Maximum reduction in spore count was observed in carbofuran 2.25 g 

treatment (333.33) while it was least in metalaxyl 2000 mg l '1 (800.00). The 

data further revealed that as the concentration of carbofuran was increased, 

the spore number was progressively decreased. In contrast, higher 

concentration of metalaxyl and streptomycin progressively stimulated AMF 

spore production. Several works indicated the inhibition of AMF sporulation 

by different plant protection chemicals. Higher levels of carbofuran are 

reported to be toxic to AMF sporulation (Gaur and Rana, 1990, Vankateswarlu 

and Daft, 1995). Application of metalaxyl 500 and 1000 mg T1 drastically
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spore production in sorghum plants
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reduced AMF infection and spore production (Anusuya and Dhaneswari, 

1995). There are also reports on the enhanced spore production due to 

metalaxyl (Seymour et al. 1994; Robert et ah 1995; Shetty and Magu, 1997). 

AMF spore production was found to be low at lower doses of streptomycin 

(Schreiner and Koide, 1993). The results o f the present investigation 

supported these previous findings.

The analysis o f the data on the effect o f plant protectants on the 

associated microflora in the rhizosphere of mycorrhizal sorghum plants showed 

an erratic trend in the population of different microflora (Table 16 and Fig. 

10). The plant protectants did not significantly influence the total fungal flora of 

the rhizosphere. This may either be due to the fact that when one plant protection 

chemical affect a particular group of fungal flora, other groups are stimulated to 

flourish and maintain the equilibrium; or the plant protection chemicals like 

carbofiiran and streptomycin which are not reported to be fungitoxic might not be 

inhibitory to the fungal flora.

The population of actinomycetes were found to be significantly increased 

due to streptomycin treatment, metalaxyl 2000 mg l'1 and carbofiiran 1.5 g plant'1 

while it was not significantly affected at lower doses of metalaxyl and lower and 

highest dose of carbofiiran. The actinomycete population was temporarily 

increased at lower concentration of carbofiiran \ :eh was not sustained at higher 

doses and inhibited its population. The reverse happened with metalaxyl. The 

population was low at lower concentration of the fungicide while its higher 

concentration stimulated the actinomycetes. Streptomycin significantly 

stimulated its population at all concentrations tested. Streptomycin, being an



Fig, 10 Effect of plant protectanis on the associated 
microflora in the rhizosphere of

35

30

25

Cfl4)
03l*tn
2
CO

<2o

20

15

10

5

0

Q Fungi 103 /g  
13 Actinomycetes 10 V g  
H Bacteria 106 /g

*-> •M J=l
*2* 'S '

CO CO CO
v-> v> IT)
r - (N
©

x>
rs

•e CO X)t_
(0 rc

U U

co CO CO
£ £ £

o o o
o o o
«n o o

<N
*
2 ts

2 2

CO CO CO
£ £ £
o o o
o o o
VI o ©

CN4-j
& Q.
Si CJ

CO w 4-1
CO CO

u

Treatments



93

antibiotic is inhibitory to bacterial population which might have indirectly 

favoured the proliferation of actinomycetes in the substrate

The total bacterial population was found to be significantly reduced due 

to the effect of streptomycin 2000 mg l '1 and carbofuran 0.75 g plant'1 while 

carbofuran 2.25 g plant'1 significantly enhanced its population. This showed 

that streptomycin at higher concentration was deleterious to the total bacterial 

population in the rhizosphere of mycorrhizai sorghum, whiie higher doses of 

carbofuran stimulated it.



SUMMARY



6. SUMMARY

The present investigation was taken up for improving the techniques of 

the mass inoculum production of AMF.

Different substrate combinations were tested to determine their 

influence on plant growth and biomass of mycorrhizal sorghum and spore 

production of AMF. The study revealed that although the interaction of the 

different components viz., perlite, cowdung and soil did not exert any 

significant influence on plant growth characteristics and biomass production, 

significant growth enhancement was noticed due to a two factor interaction 

between perlite and soil as well as the main effect o f perlite and cowdung. The 

main effect of perlite was also significantly evident in enhancing the dry matter 

production. The substrate combination, perlite 20 per cent + cowdung 5 per 

cent + soil 10 per cent was found to be most ideal for maximum AMF spore 

production. The individual and the combined effect of these substrates 

contributed significantly in increasing the spore count. However, the spore 

production was found to be decreased when the concentration of the cowdung 

in the substrate combination was increased.

Study on the selection of suitable host plant for mycorrhizal inoculum 

production showed that growing stylosanthes along with setaria and 

congosignal increased the plant growth characteristics while with guinea grass 

it was reduced. The biomass production was found to be increased when 

guinea grass and congosignal were grown along with stylosanthes, while with 

setaria it was reduced. Although setaria was found to be the ideal host for



biomass production, it produced only less number of AMF spores. Maximum 

spore production was achieved in stylosanthes followed by its combination 

with congosignai and congosignai alone. It was evident from the experiment 

that congosignai + stylosanthes was the ideai host combination for maximum 

AMF coionization and spore production.

Study on the effect of different plant growth regulators showed that 

most of the growth regulators especially 1AA, IBA, humic acid and 2,4-D 

stimulated significant growth enhancement at varying concentrations, whereas 

the biomass production was found to be greatly enhanced due to humic acid 

1000 pi l '1 application. AMF colonization was found to be uniformly high in 

all the treatments with growth regulators and application of humic acid 2000 pi 

P  produced more number of AMF spores. Foliar application of humic acid 2000 

ul l'1 was found to be suitable for increased AMF inoculum production.

Different stress inducing substances like ethrei, ABA, NaCl and water 

stress stimulated to produce significantly higher number of leaves in 

mycorrhizai sorghum plants. Water stress induced during different growth 

stages of plant resulted in very high spore production, the highest spore count 

of 2500 recorded when the experimental plants were water stressed on 75 

DAP. Treatment with ethrei 25 pi l '1 and NaCl 0.5, 1 and 1.5 per cent and 

ABA 2 mg f l also produced significantly higher number of AMF spores

Application of commonly used plant protectants indicated that metaiaxyl 

(1000 mg f 1) and streptomycin (1000 and 2000 mg f l) promoted plant growth 

characteristics significantly. While all the plant protection chemicals treated



plants exhibited very high AMF colonization percentage, their spore 

production was significantly decreased with maximum in carbofuran 2.25 g and 

minimum in metalaxy! 2000 mg l"1 treatment indicating that these chemicals are 

unsuitable for application on hosts intended for AMF inoculum production

Estimation of the associated microflora in the rhizosphere of the plant 

protectants treated host plants indicated that none of the chemicals 

significantly altered the total fungal population, whiie population of 

actinomycetes was significantly increased with streptomycin treatment and 

population of bacteria was significantly reduced with streptomycin 2000 mg P  

and carbofuran 0.75 g per plant.

The present study elucidated the ideal substrate and host combinations 

and identified stimulatory as well as inhibitory substances for maximisation of 

viable, infective propagules of AMF for commercial inoculum production.
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APPENDICES



APPENDIX - 1

Martin’s Rose-bengai Agar

Glucose - 10.0 g

Peptone - 5 0  g

k h 2p o 4 - l.O g

M gS04. 7 H20 - 0.05 g

Streptomycin - 30.0 mg

Agar - 15.0 mg

Rose-bengal - 0.035 g

Distilled water _ 1000 ml

(The antibiotic is sterilized separately and added aseptically to the 

sterilized medium)



APPENDIX - II

Kuster’s Agar

Glycerol - 10.0 g

Caesin - 0.3 g

M gS04 - 0.5 g

FeS04 - 0.1 g

K N 03 - 2.0 g

NaCl - 2.0 g

k 2h p o 4 - 0.5 g

CaC03 - 0.2 g

Agar - 15.0 g

Distilled water _ 1000 ml



APPENDIX - III

Soil Extract Agar

Glucose l.O g

K2H P04 0.5 g

Agar 15.0 g

Soil extract (stock) - 100 ml

Tap water 900 ml

1000 g sieved garden soil is mixed with 100 ml tap water and steamed for 

30 minutes. It is filtered through a double filter paper after adding a small amount 

of CaCC>3. 100 ml stock solution is added to 900 ml water with agar dissolved in 

it. Glucose is added prior to tubing.



APPENDIX IV

Nutrient Status of the soil used

Organic Carbon = 0.43 per cent 

Available Nitrogen = 193 kg ha'1 

Available P2O5 = 47.3 kg ha' 1

Available K2O = 94.8 kg ha' 1

Soil Composition 

Coarse sand =16.7 per cent 

Fine sand =3 1.3 per cent 

Silt -  25.5 per cent 

Clay = 26.5 per cent

Soil pH =5.1

Water holding capacity = 21.5 per cent 

Porosity = 32 per cent 

Bulk density = 1.375 g cc']
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ABSTRACT

Different methods to standardize the mass inoculum production 

techniques of AMF was attempted in the present investigation. Effort to 

identify suitable substrate combination indicated that a substrate combination 

consisting of basal medium of vermiculite 65 per cent, perlite 20 per cent, 

cowdung 5 per cent and soil 10 per cent as components was ideal for maximum 

AMF spore production as well as for plant growth.

Mycorrhizal setaria plant was found to be the ideal host for biomass 

production while maximum AMF spore count was obtained with stylosanthes, 

which possessed only less root volume. A host combination of congosignal 

and stylosanthes was found to be the ideal system for achieving maximum AMF 

colonization and spore production apart from increased plant growth and 

biomass.

Application of different plant growth regulators stimulated plant 

growth, biomass production and AMF spore production. Foliar application of 

humic acid 2000 pi l '1 resulted in maximum increase in spore production and 

hence can be recommended for application in routine AMF inoculum 

production systems.

Induction of stress to the host plants using different stress inducing 

substances stimulated AMF sporulation. Water stress induced on 75 DAP 

resulted in maximum spore production. The stress inducers which increased 

spore production also include ethrel 25 pi l*1, NaCl 0.5, 1.0, 1.5 per cent and 

ABA 2.0 mg l '1 treatments.



Although the plant protection chemicals viz., metalaxyl (1000 mg l'1) 

and streptomycin (1000 and 2000 mg l"1) promoted plant growth, there was 

significant reduction in the AMF spore production and hence are unsuitable for 

application on hosts intended for AMF inoculum production.

The present study revealed that infective propagules of AMF in the 

inoculum could be increased by selecting substrates and host combinations 

suitable for inoculum production which could further be boosted up by 

applying selective growth promoting substances such as humic acid 2000 pi l’1 

and inducing water stress during the later stages o f plant growth.


