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1. INTRODUCTION

Various associations of microbes with the plants are often studied and 

their beneficial effects are being explored in recent times. Among them, the 

association of Vesicular-arbuscular mycorrhizal fungi (VAM) with the roots of 

cultivated crops have much practical significance. VA mycorrhizal association with 

roots of higher plants is a rule rather than an exception. Its importance is multifold.

VAM is proved to enhance the absorption of nutrients like phosphorus 

and many micronutrients. Moreover, it hajS a role to play in checking many root 

diseases, in absorbing water in water deficient areas and even in the establishment 

of orchids and crop plants. Further, the beneficial effects of VAM are being 

commercially utilized by the farmers with the use of commercial inoculants. The 

symbiotic activity of Bradyrhizohium is well established and its efficiency in fixing 

the elemental nitrogen is exploited on a commercial scale, with the limitation that 

this nitrogen fixing process work with a legume Bradyrhizohium system only.

Cowpea is an important legume vegetable cultivated in Kerala, which 

enrich the soil by fixing atmospheric nitrogen and cater the protein requirements of 

Keralites.

In this era of preference to ecoffiendly cultivation, any attempt to reduce 

the use of chemical fertilizers by microorganisms will be of great significance. The 

higher productivity with lower cost input will be an attractive proposition in the 

present scenario. In this background, the present study on “Interaction between VA 

mycorrhiza and Bradyrhizohium in cowpea” was taken up and the following aspects 

were studied.

1. Estimation of the natural occurrence of VAM in cowpea rhizosphere in five 

locations of Trichur district.
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2. Characterisation and identification of predominantly occurring VAM in the 

survey locations.

3. Preparation of mass inoculum of native VAM and screening them for 

efficiency in cowpea.

4. Purification and characterisation of the cowpea Bradyrhizobium recommended
• i

for Kerala.

5. Infection pattern of VAM and Bradyrhizobium in cowpea.

6. Anatomical studies of nodulation and infection pattern of VAM.

7. Efficiency of the microsymbionts on the uptake of nutrients under different 

levels of nitrogen and phosphorus in pot culture.

8. Efficiency of the microsymbionts on the uptake of nutrients under different 

levels of nitrogen and phosphorus in the field condition.
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2. REVIEW OF LITERATURE

In the struggle for existence, different forms of inter-relationships have 

developed among living beings over millions of years. Among various such 

relationships symbiotic associations are common. The well known example for 

symbiotic association is that between Rhizobium and legumes. Inoculation of 

legume seeds with the appropriate culture of Rhizobium is practiced world wide to 

ensure better establishment and nitrogen fixation by legumes. Mycorrhiza, another 

symbiotic association between fungus and roots of higher plants have been known 

to mankind for over 100 years. Frank in 1885 recognized the fungus root structure 

and coined the term 'Mykorrhizen’ to indicate fungus root. Some fungi are found to 

form vesicles and arbuscules in the host roots and they are called VA mycorrhiza.

A typical VA mycorrhizal association was first reported by Treub (1885) 

in sugarcane. Since then a number of reports were published on the occurrence of 

VA mycorrhiza in plants. Janse (1896) reported the presence of VA mycorrhiza in 

about 69 plant species belonging to 56 families. Presence of VA mycorrhiza was 

reported by Dangeard (1900) in poplar, Butler (1939) in Phaseolous, Styloscmthes 

and Lcucacna and Gerdmann (1968) in grapes, citrus and tomato. The presence and 

beneficial association of VA mycorrhiza in various cultivated crops like rubber, 

cocoa, cassava and vegetables in Kerala has been reported by various workers 

(Potty, 1978, Sivaprasad ei ai., 1982, Sivaprasad et a/., 1984, Girija and Nair, 

1985, Sulochana and Nair, 1985 and Nair and Girija, 1986)'.

2.1 Screening for the efficiency of VA mycorrhiza on growth
improvement of crops

Effect of different VAM fungi under varying levels of phosphorus on 

growth and nutrient uptake in pigeon pea was studied by Champawat (199ob)-He 

reported significant increase in phosphorus and nitrogen content of shoot and root at
i



all levels of phosphorus applied with all the three VAM fungi screened. He also 

found that Glomus consirictum was better than the other two VAM fungi at all 

levels of phosphorus except at 75 kg ha'1, when Gigaspora calospora was superior.

Costa and Paulino (1990) also investigated the effect of four VAM fungi 

in Leucaena with or without added phosphorus at the rate of 22 kg h a 1. They 

recorded increased dry-matter, yield and also phosphorus and nitrogen content and 

their uptake. VAM infection and nodulation in both the treatments was also found to 

increase. They stated that the most efficient VAM fungi varied with the parameters 

measured.

4

In another study conducted by Paula et al. (1990) to evaluate the 

efficiency of eight VA mycorrhizal fungi in soybean, observed that Glomus 

etunicatum significantly increased the root colonisation, phosphorus concentration, 

dry weight and grain yield of plants.

Devi and Sitaramaiah (1991) reported increased mycorrhizal root 

colonisation, greater root volume and greater dry weight of shoot and root in 

blackgram inoculated with four species of endomycorrhizal fungi. The maximum 

mycorrhizal root colonisation of 84.1 per cent and root volume of 251 per cent were 

recorded in Glomus consirictum among the four VAM fungi tested. But the root dry 

weight was significantly increased by Glomus fasciculatum (222 per cent) and the 

shoot dry weight by Glomus epigaeum (271 per cent). They observed significant 

differences among the four species of fungi in their ability to stimulate the 

vegetative growth of black gram.
I

In a pot culture experiment with soil containing several mycorrhizal fungi, 

Lee and Ryu (1992) observed that the infection of roots with VAM was independent 

of phosphate level in the soil for sorghum, but was inversely related to phosphate 

and to plant growth for soybean. The results of the experiment conducted by
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Ho (1993) showed that among the different VAM iiingi tested, Scutellospora 

calospora was the most efficient inoculant in increasing the nutrient uptake by 

maize plants.

Pattanaik et al. (1995) conducted a study to find the effect of vesicular 

arbuscular mycorrhizal inoculation in horsegram. The plants were inoculated with 

Glomus fasciculatum or Glomus mosseae or not inoculated. They observed that 

Glomus fasciculatum was most effective than G. mosseae in increasing the plant 

growth and nodulation. It increased the shoot height by 36.03 per cent, plant dry 

weight by 94.44 per cent, nodule dry weight by 100 per cent and individual seed dry 

weight by 27.45 per cent compared with the uninoculated control. Ortas (1996)
i

inoculated sorghum cultivar SSV2 and leek plants with four mycorrhizal fungi and 

recorded maximum spore population with Glomus mosseae in sorghum and with 

Glomus etunicatum in leek plants. He observed maximum plant dry weight, 

phosphorus uptake and percent VAM infection with inoculum rate of 18 g pot'1 in 

soil with low phosphorus content.

i
Singh et al. (1992) correlated the variation in spore density and VA 

mycorrhizal root colonisation of kinnow and rough lemon seedlings with change of 

season. The infection of VA mycorrhizal fungi was observed maximum in June and 

minimum in November. The maximum and minimum spore population of 

endophytes in soil were recorded in June and October respectively. They recorded 

the maximum root colonisation of 72 and 73 per cent by VAM fimgi for kinnow and 

rough lemon seedlings in the month of June, gradually it declined and minimum 

was 24 per cent for both in November. Similarly maximum spore population of 518 

and 508 per 50 g soil was observed from-soil samples of kinnow and rough lemon 

seedlings respectively in June and gradually reduced to 370 and 360 per 50 g soil in 

both plants in October.



A seasonal variation in the percentage of root colonisation with VAM 

fungi was reported by Mago and Mukerji (1994). They observed that the lowest 

colonisation was during winter and the highest during late summer and autumn. 

Shamim et al. (1994) also recorded seasonal variation in VAM colonisation on 

perennial plant species. They found the maximum colonisation in spring. Then it 

gradually decreased in the following season reaching minimum in winter.

Bhaskaran and Selvaraj (1997) recorded Glomus aggregatum and 

Sclerocystis pakistanica as dominant VAM fungi in ten major plant species 

collected from four different coastal locations of Tamil Nadu. They observed a 

relatively high fungal spore density during the summer season at all sites.

i

2.2 Microscopical studies of mycorrhizal roots

Trappe (1982) prepared a key for the identification of VAM cultures. He 

reported that the spores of Glomus sp. could be identified based on their characters, 

viz. size, shape, colour, surface texture, wall thickness and colour, nature of spore
i

attachment to the hyphae and presence of absence of sporocarp.

Grundwaldt-Stocker and Dehne (1989) conducted a fluorescence 

microscopy and scanning electron microscopy to study the structure of Glomus 

etunicatum. They found that the mycelia and chlamydospores on clay surface did not 

differ morphologically from those in soil. They also reported that the 

chlamydospores are of minor importance for survival and infection, but the mycelial 

fragments play a greater role as a source of inoculum.

Maia et al. (1993) described ail efficient technique for the fixation of 

spores of Glomus sp. to conduct ultra structural electron microscopic studies. This 

method included fixation of spores with glutaraldehyde in a microwave oven and
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breaking the spores under liquid nitrogen before post fixation with osmium

tetroxide.

The morphological and ultra structural characters of spore wall of 

Acaulospora morrowiae and A. scrobiculata were studied by Maia and Kimbrough 

(1993). They observed three zones for the spore wall of A. morrowiae while the 

other species had only two zones. They also reported that the spores of Acaulospora 

were similar to those of certain other glomalean fungi and that indicated the 

uniqueness of spore walls in the Glomales.

Baird and Caruso (1994) examined the root and nodule sections under a 

light microscope and observed abundant VAM hyphal infection in the nodule cortex 

after five weeks of inoculation. They observed vesicles in root and nodule tissues 

and also structures similar to degenerating arbuscules in the central region of 

nodules and in the nodule c6rtex. They also found VAM hypha in nodules 

particularly in regions where senescence of bacteria filled cells had begun.

Schmid and Oberwinkler (1995) studied the VAM host fungus 

interactions under light and electron microscope in Gleicheniaceae. They found that 

the aseptate hyphal coils produced arbuscules in young part of root midrib while in 

older midrib, arbuscules disintegrated and vesicles produced. They also noticed that 

the primary roots of < 2 mm were not infected, where a complete intracellular 

development of fungus occurred in primary roots of > 2 mm thickness.

2.3 Effect of VA mycorrhiza on growth improvement of crops

VA mycorrhizal fungi played an important role in improving the nutrient 
uptake, plant growth and yield. Inoculation of plants with suitable VAM fungus has

been commercially utilised to stimulate the crop production. The beneficial effects

of VAM on plants have been studied by various workers.
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A study was conducted by Powell (1981) in barley, inoculated with a 

mixture of Glomus mosseae, G. fasciculatum and Gigaspora margarita or with the 

indigenous mycorrhizal fungi. He found- that the introduced fungi stimulated the 

seed yield by 27 per cent. Kuo and Huang (1982) reported an increased plant dry 

weight and seed yield of soybean inoculated with Glomus fasciculalus, G. mosseae, 

G. etunicaius or Acaulospora scrobiculata.

A pot culture experiment was conducted in phosphorus deficient soil by 

Manjunath and Bagyaraj (1986) to study the response of blackgram, chickpeas and 

mung beans to inoculation with Glomus fasciculalus along with superphosphate at 

the rate o f 22 kg P ha'1. They observed an increase in the dry weight of plants and 

also phosphorus content of shoot and root due to VAM inoculation. They recorded a 

shoot and root phosphorus content of 9.33 mg and 4.54 mg in black gram, 18.52 mg 

and 7.28 mg in chickpea and 7.80 mg and 3.35 mg in mung bean respectively. They 

noted that the application of phosphorus did not reduce the percentage of root 

colonisation by VA mycorrhiza, but it increased the number of extramatrical 

chlamydospores in the soil. Endomycorrhizal spores 50 ml"1 soil recorded were 125, 

117 and 172 in blackgram, chickpea and mung bean respectively. They suggested 

the need for phosphorus application to obtain maximum benefit from VAM in 

phosphorus fixing soils. 1

Rajapakse (1987) reported higher shoot dry weight in cowpea inoculated 

with Glomus fasciculatum. Rajapakse sand Miller (1987) reported significant 

interaction between the VAM fungi Glomus mosseae or G. fasciculatum and 

cowpea cultivars on shoot dry weight. Here the inoculation increased the shoot dry 

weight by 40 per cent. They also obtained1 an increased plant height, but a decreased 

root length due to VAM inoculation.

In a pot culture experiment with phosphorus deficient soil, Champawat 

(1989) found that shoot and root dry weight and phosphorus uptake were greater in



chick pea plants inoculated with Glomus fasciculatum in unsterilized soil than in 

sterilized uninoculated soil. The plants also recorded the highest colonisation of 

85.7 percent with G. fasciculatum.

Kumari and Nair (1989) compared ten cowpea varieties on the natural 

incidence of vesicular arbuscular mycorrhiza. They observed that the average 

mycorrhizal index was differed among varieties. The maximum being in the variety 

C-152 (1.91) followed by Ptb-2 and New Era. They also opined the addition of rock 

phosphate at the rate of 30 kg P2O5 ha'1 to the soil for the enhancement of 

mycorrhizal formation.

Lin and Hao (1989) studied the effect of phosphorus fertilizers on VA 

mycorrhizal response under sterilized soil condition. The results of their experiment 

showed that 60 kg P2O5 ha'1 applied as superphosphate was the optimum 

phosphorus level for VA mycorrhizal infection in the soil studied. They observed 

that phosphorus fertilizer at this rate along with VAM inoculation, increased the 

plant growth.
I

Amijee et al. (1990) inoculated the leek (Allium porrum) plants raised in 

sterilized soil, amended with C a^aP O ^H iO , with Glomus mosseae to test the 

hypothesis that high concentration of soil phosphorus 'inhibited the formation of VA 

mycorrhiza by reducing the concentration of soluble carbohydrate in the root. They 

found that at the concentration of soil phosphorus, at which VAM infection was 

reduced, the concentration of soluble carbohydrate was at its maximum. So they 

discounted the hypothesis and suggested that the high concentration of soil 

phosphorus reduces the VAM infection by changing the anatomy of the root by 

making it resistant to fungal penetration.

Increase in plant height, total dry matter of root and shoot were reported 

by Chhabra et al. (1990) in cowpea incoulated with VA mycorrhiza. They also
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reported an extensive mycorrhizal development of 53-78 per cent in inoculated

plants.

The results of the experiment conducted by Hao et al. (1991) in mung 

bean showed that infection by indigenous VAM fungi in most soils were low. 

Usually there was a lag phase for infection by indigenous VAM fungi. But for the 

introduced mycorrhizal fungi, the lag phase was decreased and the infection was 

increased to 50-60 per cent after 25-40 days of inoculation. They also found that

phosphorus application encouraged mycorrhizal infection in most soils deficient in
i

available phosphorus. But in a report from Western Nebraska, USA, Yocom and 

Boosalis (1991) stated that wheat plants colonized either by indigenous VAM fungi 

(Glomus fasciculatum) or by introduced VAM fungi, produced more grains than the 

non-mycorrhizal wheat.

Costa et al. (1992a) reported the best biomass production in Cajanus 

cajan inoculated with Acaulospora muricata along with the addition of 80 kg P2O5 

ha'1, while the best mycorrhizal colonisation was obtained at lower phosphorus 

concentrations of 60 and 40 kg P2O5 ha'1. In another experiment, when Leucaena 

was inoculated with VAM fungi Scutellospora helerogama, the highest level of 

VAM colonisation was found to occur in the presence of 40 kg P2O5 ha"1 (Costa et 

al., 1992b).

Isobe et al. (1992) worked out the infection rate of V AM fungi in soybean 

and stated that it was strongly influenced by root diameter. They observed the 

highest infection in roots with a diameter of 333.3-366.7 gm.

The response of chilli to VAM inoculation was investigated by 

Sreenivasa et al. (1993) and reported that the application of soluble phosphorus 

fertilizers could be reduced by 50 per cent if chilli plants were inoculated with



VAM fungus. They observed that inoculation with Glomus macrocarpus had a 

greater effect than with Glomus fasciculatum in chilli.

Edathil el al. (1994) reported the maximum root colonisation by native 

VA mycorrhiza at 45, 50 and 60 days after germination of brinjal, tomato and chilli 

respectively under field conditions and on 60th day in pot culture.

Geethakumari el al. (1994) reported that the recommended level of 30 kg 

P2O5 ha'1 can be reduced to 22.5 kg P2O5 ha'1 for grain type cowpea by the 

combined application of mussorie rock phosphate and mycorrhiza.

Lingaraju (1994) conducted an experiment in soybean inoculated with 

Glomus fasciculatum and Gigaspora margarita at different levels of phosphorus 

fertilizer. They found that soil inoculation with mycorrhiza along with the 

application of 60 kg P2O5 gave similar seed yield as 80 kg P2O5 application alone 

without inoculation of VAM.

Combined inoculation of Azotobactor and VAM fungi in maize and 

wheat was found to improve the plant growth and increase phosphorus, nitrogen 

and zinc content in plants (Elgala el al., 1995). A pot culture experiment was 

conducted by Santhi and Sundarababu (1995) with cowpea inoculated with VA 

mycorrhiza and the nematode, Meloidogyne incognita at different levels of 

phosphorus. They reported a negative correlation between phosphorus levels and the 

VAM spore population and colonisation in roots.

Plenchette and Morel (1996) reported that the growth of soybean was 

stimulated due to the mycorrhizal inoculation. They worked out the external 

requirement of phosphorus as 0.11 jig ml'1 to obtain 80 per cent of maximum yield 

in soybean, which in terms of phosphorus fertilization corresponds to a saying of 

22.2 kg P20 5 ha'1.
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A field study was conducted by Tarafdar and Rao (1997) to determine 

the effect of Glomus mosseae and Glomus fasciculatum on cluster bean, mung 

bean and moth mean. All the legumes showed similar effects up on inoculation with 

the VAM fungi. But nodulation, nitrogenase activity, per cent root infection by 

VAM fungi and the number of VAM spores in soil were increased significantly up 

on inoculation. They also reported an increased dry matter production of 20-38 per 

cent and grain yield of 15-22 per cent up on inoculation.

2.4 Effect of VA mycorrhiza in improving the nutrient uptake of crops

VAM fungi was found to improve the plant nutrition mainly through 

increased uptake of phosphorus and many micronutrients from soil. Uptake of 

phosphate by mycorrhizal plants has received more attention than many other 

aspects in VA mycorrhizal symbiosis.

The first study on the uptake of phosphorus and other nutrient elements 

by VAM infected plants was earned out by Mosse in 1957. She reported that 

mycorrhizal apple absorbed more phosphorus, potassium, iron and calcium than non 

mycorrhizal plants. From the trial conducted by Sanders and Tinker (1971) it was 

found that increased surface area due to mycelial network was the reason for better
i

phosphorus uptake by the plants.

Increased uptake of zinc and iron was also reported by LaRue et al. 

(1975) in mycorrhizal peach. Bagyaraj ’and Manjunath (1980) also reported an 

increased concentration of phosphorus and zinc in mycorrhiza inoculated covvpea, 

cotton and finger millet. But the manganese content of these plants did not show any 

significant differences.
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Powell (1981) reported an increased seed phosphorus content by 35 per 

cent in barley inoculated with a mixture of Glomus mosseae, G. fasciculalum and 

Gigaspora niargarita or with the indigenous mycorrhizal fungi.

Rajapakse and Miller (1987) reported a similar increase in the phosphorus 

and nitrogen content of the shoot in cowpea cultivars due to inoculation with 

Glomus mosseae or G. fasciculalum. But, Rajapakse (1987) found a negative 

correlation between root colonisation by Glomus fasciculalum and phosphorus 

content of growth medium. Phosphorus content of the shoot was also found less in 

cowpea. The phosphorus uptake of VAM inoculated plants was promoted by the 

application of superphosphate at the rate of 60 kg P2O5 ha'1 (Lin and Hao, 1989).

Significant increase in nitrogen, phosphorus and potassium content of 

cowpea plants inoculated with VA mycorrhiza was reported by Chhabra el al. 

(1990). They also recorded 53-78 per cent mycorrhizal colonisation in the roots of 

inoculated cowpea plants.

Costa el al. (1992b) observed the highest VAM colonisation and an 

increased phosphorus uptake by Leucaena inoculated with VAM fungus, 

Scutellospora heterogama, in the presence of phosphorus fertilizers at and above 40 

kg P2O5 ha'1.
1

Elwan (1993) reported the greatest increase in the uptake of phosphorus, 

potassium, calcium, manganese, iron, magnesium, copper and zinc in maize plants 

inoculated with VA mycorrhiza along with phosphorus fertilizer. The behaviour of 

VA mycorrhizal fungi was studied by Isobe el al. (1993) and found that VAM

infection increased phosphoric acid content of soybean at 50 days after emergence.
1

They also reported the adverse effect of the application of superphosphate fertilizer 

on mycorrhizal infection.

V



Increase in the phosphorus content of shoot and changes in the uptake of 

zinc, copper, manganese and iron by chilli inoculated with VAM fungi (Glomus 

macrocarpus and G. fasciculatuni) were reported by Sreenivasa et al. (1993). Urzua 

et al. (1993) observed improved phosphorus, potassium, calcium, magnesium, 

copper, zinc, iron and manganese uptake in white clover inoculated with Glomus 

sp. They also found enhanced nitrogen fixation in VAM inoculated plants as a result 

o f improved phosphorus uptake.

Eranna and Parama (1994) investigated the effect of liming on VAM 

inoculation in soybean. They found that the liming decreased the phosphorus 

uptake, but it had no significant effect on the dry weight of plants. Whereas 

mycorrhizal inoculation alone increased both the dry weight and phosphorus uptake 

in soybean. They also revealed that the phosphorus content of the shoot was 

increased in response to soil phosphorus content up to 20 g P kg"1 soil whereas root 

phosphorus content was increased with up to 40 g P kg’1 soil.

• t
Heggo and Barakah (1994) conducted a study on the interaction between 

phosphorus and zinc in maize inoculated with VA mycorrhiza. They found that the 

shoot dry weight was about 1.5 times j that of the control at the high rate of 

phosphorus and zinc, whereas at low rates, the dry matter yield was about four fold. 

They also noticed that the high rate of phosphorus application decreased the zinc, 

copper and iron content of plant.

Pai et al. (1994) investigated on the role of VA mycorrhizal colonisation 

in the uptake of calcium by cowpea plants. They found high 45Ca levels in all parts 

of cowpea plants inoculated with Glomus fasciculatum compared with non 

mycorrhizal plants.

Increased phosphorus, sulphur, zinc and copper concentrations in 

sorghum inoculated with VA mycorrhiza was reported by Medeiros et al. (1995).



They observed a negative correlation between shoot dry matter and manganese 

'content of shoot and root in VAM treatments.

Rathore and Singh (1995) also reported increased dry matter 

accumulation and uptake of nitrogen, phosphorus and potassium by maize plants 

due to VAM inoculation and phosphorus fertilizer application. But they noticed a 

significant reduction in the mycorrhizal root colonisation with the increased levels 

of phosphorus. They opined that mycorrhizal inoculum may substitute phosphatic
I ' i

fertilizer equivalent to 30 kg P ha*.

Bermudez and Azcon (1996) worked out a positive correlation between 

calcium content of alfalfa plants and nodulation in mycorrhizal treatment. They 

concluded that mycorrhizal mechanism which alter the nutrient to calcium ratio, 

may be the reason for increased nodulation.

Tarafdar and Rao (1997) reported significantly higher concentration of 

nitrogen, phosphorus, copper and zinc in cluster bean, mung bean and moth bean 

inoculated with VAM fungi (Glomus mosseae and G. fasciculatum). But the 

concentrations of potassium, calcium, magnesium, sodium, iron and manganese 

remain unaffected due to the inoculation.

2.5 Effect of Bradyrhizobium on plant growth, nodulation and nutrient
uptake in legumes

Biological nitrogen fixation is one of the major process by which soil 

nitrogen status is maintained. In this, Rhizobium legume symbiosis plays an 

important role. Inoculation of efficient Rhizobium is often essential for an efficient 

symbiotic nitrogen fixation by legumes.

Hartwell and Pember (1911) reported that by nitrogen fixing 

phenomenon of legumes, nearly one tonne of soil nitrogen acre*1 was gained in pot
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culture experiment with cowpea and soybean. Sen and Rao (1953) investigated the 

fixation of nitrogen under favourable conditions by cowpea and reported that the 

quantity fixed was 251 lb annum'1 acre' 1. 1

Alexander (1961) revealed that nitrogen fixation by cowpea varied 

between 64 and 131 kg ha'1 year'1. In soybean, the quantity fixed was between 64 

and 106 kg ha*1 year'1. Chhonkar and Negi (1971) inoculated different strains of 

Rhizobium to soybean in rhizobia free soil and found that seed inoculation increased 

the dry weight as well as the yield of plant.

Nutman (1976) enlisted the amount of nitrogen fixed by different legumes 

and he pointed out that cowpea fixed an average of 198 kg nitrogen ha'1. Rai el al. 

(1977) observed an increase in yield in.bengal gram due to Rhizobium inoculation, 

but they did not find any correlation among yield, number of nodules and the dry 

weight of nodules.

Sivaprasad and Shivappashetty (1980) reported that cowpea cv. Pusa 

Phalguni when inoculated with Rhizobium strain 1S-8 and IS-12, significantly 

increased the yield, plant top dry weight and leghaemoglobin content of nodule. 

They also obtained a significant correlation between leghaemoglobin content of 

nodules, plant top dry weight and final grain yield. But there was no significant 

correlation between nodule number and nitrogen content of plant top and final grain 

yield.

Nair and Sivaprasad (1981) observed the beneficial effects of inoculation 

with different isolates of rhizobia in cowpea. They also reported a correlation 

between symbiotic efficiency and increase in dry weight of cowpea plants.

Girija (1982) reported a favourable response for all plant characters 

studied, when an isolate of Rhizobium was used for inoculating its own homologous

• !



host variety. -She also observed that the host varietal specificity of rhizobia was not 

absolute, but it was a host determined phenomenon.

Seripong and Masayna (1984) studied the effect of phosphorus and 

potassium on the growth, nodulation and nutrient status of cowpea and recorded the 

best growth with 50 to 100 kg P ha’1 without potassium. They also observed a 

decrease in the total and individual weights of nodules due to the potassium 

application.

Manel and Chahal (1987) reported that nitrogenase and nitrate reductase 

activities in Vigna radiata increased with up to 20 ppm N applied as KNO3 along 

with Rhizobium inoculation. At higher levels, the nitrogenase activity was decreased 

and the leaf nitrate reductase activity was increased.

Shaktawat (1988) evaluated the response of cowpea to Rhizobium 

inoculation and phosphorus application. He reported that application of phosphorus 

fertilizer at the rate of 0, 30 and 60 kg P2O5 ha’1 to three cowpea varieties recorded 

an average seed yields of 546, 763 and 816 kg ha’1 respectively.

Rahman and Sanoria (1990) reported a positive correlation between the 

growth rate and nitrogen fixation at flowering and mid pod formation stage in 

soybean. Stamford ei at. (1990) conducted a study for the selection of 

Brady rhizobium for cowpea in acid soil in semi arid Brazil and found that shoot 

nitrogen was greatest when the acid soil was amended with CaCCb at the rate of 

2 t ha'1. They also noted that shoot dry matter was decreased with increasing lime
• I

rate. Shoot nitrogen concentration was positively correlated with nodule dry weight.

Mand et al. (1991) reported that inoculation of fast and slow growing 

cowpea rhizobia in guar (Cyamopsis (e(ragortoloba) cv. Ha 75 increased the nodule 

number, nodule fresh weight, plant biomass and plants nitrogenase activity. They
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Raghava et al. (1993) recorded the maximum nodule number and dry 

weight in inoculated Vigna unguiculata cv. Pusa Barsati on 50 days after 

germination and there after the values decreased due to the senescing of nodules. 

They obtained the maximum leghaemoglobin content and total soluble protein at 

40-45 days after germination.

Soybean plants inoculated with Bradyrhizobium japonicum recorded a 

maximum nodule number o f349 plant"1 and nodule mass of 3.9 g wet weight plant"1 

than those inoculated with wild type strain which recorded a nodule number’of 159 

plant"1 and a nodule mass of 2.2 g wet weight plant'1. This was reported by Hunter 

(1994).

Mahmoud et al. (1994) recorded the highest seed yield and nodule dry 

weight in soybean when the seeds were inpculated with Bradyrhizobium along with 

the application of nitrogen fertilizer at the rate of 20 kg feddan"1. They noted that 

nodule dry weight was decreased with increased rate of nitrogen application.

Senaratne and Ratnasinghe (1995) in a trial on sequential cropping, found 

that groundnut showed a significantly higher nitrogen fixation and residual nitrogen 

effect on the succeeding rice crop than cowpeas, black gram, mung beans and 

pigeon peas. They also observed a positive correlation between the growth and 

nitrogen yield of rice and the quantity of nitrogen fixed by the preceeding legume 

crop.

observed that the nitrogenase activity was doubled by applying a basal dose of 40 kg

P2O5 ha'1 in slow growers.

Takankhar et al. (1998) conducted an experiment on bengal gram cv. 

BDN 9-3 inoculated with Rhizobium and given 0, 75 kg P2O5 and 25 or ‘50 kg 

N ha"1. They observed a  significant increase in phosphorus uptake when the seeds 

were inoculated with Rhizobium along with the application of nitrogen and



phosphorus. They reported that the application of 75 kg P2O5 with Rkizobium 

inoculation produced the highest seed yield of 1.25 t ha V

2.6 Dual inoculation of VA mycorrhiza and liradyrhizobium on
improving the growth of legumes

In legumes, often, a tripartite association is usually seen which consists 

of the mycorrhizal fungus, the host plant and the Rhizobium. Inoculation of soil with 

an efficient strain of VA mycorrhizal furigus and Rhizobium is known to improve 

nodulation, nitrogen fixation, phosphorus nutrition and dry matter yield of legumes.

Asai (1944) reported that sufficient number of root nodules were formed . 

by Rhizobium inoculation in Trifolium, Medicago and Melilotus spp when 5-10 g of 

unsterilized garden soil was also added. The added garden soil might have acted as 

VAM inoculum. Later, increased growth and yield of nodulating soybeans after 

inoculation with Glomus mosseae in fumigated soil was reported by Ross and 

Harper (1970). This was confirmed by Schenck and Hinson (1973) by inoculating 

the nodulated soybean line with VA mycorrhiza and obtained 53 per cent increased 

growth over non-inoculated line.

Increased root and shoot weight and also the nodulation of cowpea plants 

were reported by Godse et al. (1978) as a result of the combined inoculation of 

plants with Rhizobium and VA mycorrhiza in a pot culture experiment. Plants with 

combined inoculation recorded a shoot dry weight of 19.11 g plant’1 compared to 

plant with. Rhizobium alone (5.70 g plant'1). They reported 67 to 71 per cent 

infection by mycorrhiza in plants received the VAM fungus alone and the fungus 

with Rhizobium. They also suggested that the increased plant development and 

nodulation with VAM might be due to the increased uptake of phosphorus by the 

plants.
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Bagyaraj et al. (1979) also confirmed the above observation by 

inoculating soybean with Glomus fasciculatus and Rhizobium japonicum. He stated 

that the combined inoculation greatly improved nodulation and nitrogen fixation in 

field grown soybean. .

Sivaprasad et al. (1983) found increased growth, nodulation and 

phosphorus content in Leucaena leucocephala after the combined inoculation of the 

plants with Rhizobium and VA mycorrhiza.

Bethlenfalvay el al. (1985) from their experiments observed that 

inoculation of soil with any one endophyte at the time of sowing inhibits the 

development of the endophyte inoculated later. They suggested the importance of 

time of inoculation. This influences the outcome of the symbiosis. In mung bean, a 

high level of nodulation was reported by Pandher et al. (1986) as a result of 

combined inoculation with Rhizobium and VA mycorrhiza.

Rajapakse (1987) from his experiments with cowpea cultivars inoculated 

with VA mycorrhiza, reported a negative correlation between percentage root 

colonization by VAM and phosphorus content of the growth medium and shoot 

phosphorus concentration.

Satizabal and Saif (1987) found that Centrosema macrocarpum plants 

inoculated with Rhizobium strains and Glomus manihotis or Acaulospora longula 

had the highest yield of dry matter, mineral absorption, nodulation and infection by 

VAM. They also noticed the highest growth in plants inoculated with VAM along 

with a phosphorus level of 40 kg P2O5 ha'1.

The highest total nitrogen production was reported by Vejsadova et al. 

(1988) in the biomass of nodulated soybean plants inoculated with VAM fungi. This 

stressed the fact that the inoculation with VAM fungi positively influenced 

nitrogenase activity of nodules, biomass production and shoot-root ratios in

Z o
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nodulating plants. Pillai (1989) conducted a study on the seedlings of subabul and 

reported that inoculation of the local isolate of Rhizobium R8 and mycorrhizal 

fungus M2 had great influence in increasing all the growth parameters. Standard 

mycorrhizal cultures and local isolates performed equally well.

Champawat (1990) reported that the combined inoculation of Gigaspora 

calospora and Rhizobium enhanced the plant growth, root nodulation and uptake of 

phosphorus and nitrogen in chickpea.

In pigeon pea also Costa et al. (1990) recorded a significant improvement 

on dry matter yield, nodulation and nitrogen and phosphorus uptake as a result of 

dual inoculation with Rhizobium and VA mycorrhiza. They did not get any 

nodulation in treatments without RJiizobium inoculation. Similarly, there was no 

mycorrhizal infection in treatments without mycorrhizal inoculation.

. Guzman Plazola et al. (1990) obtained the best results in the 

establishment o f Leucaena leucocephala when the seedlings were inoculated with 

Glomus intraradices and Rhizobium loti at the time of transplanting to the acid 

soils. Where as importance of inoculation of both VAM fungi and Rhizobium at the 

time of sowing was stressed by Mallesha and Bagyaraj (1990). They reported that 

inoculation of Leucaena plants with the microsymbionts at the time of sowing 

significantly increased the nodulation, mycorrhizal colonisation, plant biomass and 

nitrogen and phosphorus uptake by the plants.

Interaction of vesicular-arbuscular mycorrhiza and Rhizobium in cowpea 

was studied by Ramaraj et al. (1990) qnd found that dual inoculation with the 

microsymbionts in sterilized and unsterilized soil conditions increased the nodules, 

mycorrhizal colonisation and the biomass to a greater extent than when either was 

inoculated alone. But Singh (1990) reported that the dual inoculation with 

Bradyrhizobium japonicum and VAM fungi or phosphate solubilizers in soybean



Alten et al. (1991) in their experiments with soybean inoculated with 

Bradyrhizobium and VA mycorrhiza, recorded significant increase in number of 

nodules in plants with both the symbionts. But they could not record a correlation 

between growth promotion'and increased nodulation. Ames et al. (1991) suggested 

the importance of selection for effective-rhizobia in non-sterilized soil and pairing 

that with specific co-selected VAM fungi can significantly improve the legume 

growth response.

In chickpea also Chaturvedi and Kumar (1991) observed an increased 

nodulation and nitrogenase activity when inoculated with Rhizobium and Glomus 

caledonium.

Ianson and Linderman (1991) suggested the inter-endophyte 

compatability between Rhizobium and VAM fungi which was very critical to 

optimize the nitrogen fixation in legumes. They also reported a high positive 

correlation between the growth and nitrogen fixation in pigeon pea.

The synergistic association between Glomus fasciculatum and Rhizobium • 

in pigeon pea was studied by Sivaprasad and Rai (1991). They found that the 

combined inoculation increased the nodulation by 178 per cent and nitrogenase 

activity by 185 per cent, compared to inoculation with Rhizobium sp. alone. They 

also observed that the response of dual inoculation was less in the field than in the 

green house.

Cabello (1992) reported an increased nitrogen and phosphorus content at 

the rate of 102 and 233 per cent respectively in soybean inoculated with 

Bradyrhizobium and Glomus epigaens. Chang el al. (1992) also reported increased

2 2

did not produce a significant increase in nodule number, dry weight of nodule and

organic matter accumulation in plants.



Smolin and Shabaev (1992) observed that the dual inoculation of soybean 

with Rhizobium and VAM fungi increased yield as a result of increased uptake of 

major and trace elements. But they observed a significant reduction in the iron 

concentration. 1

Increased pod yield, mycorrhizal infection, nodule formation and shoot 

phosphorus and nitrogen content was reported by Thyagarajan et al. (1992) in 

cowpea inoculated with Rhizobium and VAM fungi. They suggested the appropriate 

pairing of VAM fungus and Rhizobium for better performance in field inoculation. 

They reported that cowpea Rhizobium strain JRC-I4 when paired with Glomus 

pallidum or Sclerocystis microcarpa showed maximum increase in yield of 45 per 

cent.

23
yield, protein content, rate of nitrogen fixation and phosphorus uptake in soybean

cultivar Ludon 2 dually inoculated with R hizob ium  and G lom us ep igacum .

Sorghum plants were inoculated with VAM fungi and nitrogen fixing 

bacteria individually or in combination by Aboul-Nasar (1993) and the result of this 

experiment showed a positive response between nitrogen fixing bacteria and VAM 

fungi. This depended on the VAM species. He reported that the nitrogen fixing 

bacteria helped to increase the percent VAM infection in the roots of plants. But the 

treatments had no significant effect on shoot and root dry weight. He also reported 

the maximum increase in phosphorus content (90.2 per cent) in plants inoculated 

with Glomus etunicatum.

But Ianson and Linderman (1993) in their experiments with pigeon pea 

nodulated with Rhizobium in the presence of Glomus sp. found that the level of 

VAM formation was not related to nitrogen fixation under nitrogen limiting 

conditions, because same fungi formed extensive VAM infection but did not affect 

the nodulation.



A field experiment was conducted by Mane et al. (1993) in groundnut 

inoculated either with Glomus fasciculaium or Rhizobium and reported increased 

root length, root weight, biomass production, nodulation, nitrogen fixation and 

phosphorus uptake. Seed yield ranged from 235-330 kg ha \

Thyagarajan and Ahmed (1993) from their experiments observed that 

competitiveness of rhizobia can be enhanced by co-inoculating with a selected strain 

of a VAM fungus. Cowpea Rhizobium strain JRC-29 occupied 59.2 per cent of the 

total nodules when inoculated alone, but this was increased to 71.2 per cent when 

JRC-29 was used in dual inoculation with VAM fungus. They found that the 

introduced Bradyrhizobium strain became more competitive than native rhizobia in 

cowpea, in the presence of VAM fungus in non-sterilized soil.

Kumutha and Santhanakrishnan (1994) studied about the enhancement 

of nitrogen fixation in soybean by dual inoculation of VAM and Bradyrhizobium 

and found that the dual inoculation approximately doubled the nitrogen fixation 

compared with Rhizobium alone. An experiment was conducted by Singh (1994) in 

soybean dually inoculated with Bradyrhizobium japonicum and Glomus fasiculaium 

or phosphate solubilizing microbes to study the inoculation response in terms of 

nodulation, plant growth and seed yield. He found that the dual inoculation did not 

record any significant increase in any of the parameters studied.

Soddi ei al. (1994) conducted a field trial with cowpea cultivar C-152 to 

study the effect of seed treatment with Rhizobium and soil inoculation with Glomus 

fasciculaium. The plants were also given 0, 50 or 100 per cent of the recommended 

nitrogen and phosphorus rates of 25 kg N and 50 kg P ha*1. The results showed that 

the number and dry weight of nodules were highest with seed and soil inoculation 

along with 50 per cent nitrogen and phosphorus. Seed yield also showed a similar 

trend. But the shoot and root nitrogen and phosphorus contents were highest with



seed and soil inoculation along with the recommended dose of nitrogen and 

phosphorus.

Khan el al. (1995) reported increased nitrogen fixation as well as 

nitrogen and phosphorus content in groundnut as a result of dual inoculation with 

Glomus sp. and Bradyrhizobium sp. They observed a significant increase in 

nitrogen fixation in dually inoculated plants at 100 days after planting. They also 

observed that the dually inoculated plants derived 75 per cent of nitrogen from 

fixation whereas plants inoculated with Bradyrhizobium derived only 68 per cent 

nitrogen from fixation.

Thakur and Panwar (1995) also reported higher dry matter production and 

seed yield in mung bean dually inoculated with Bradyrhizobium and Glomus 

fasciculalum> compared with either single inoculant.

Das el al. (1997) studied the effect of VA mycorrhiza and Rhizobium 

inoculation on nutrient uptake, growth and yield of green gram. They observed 

increased shoot and root length, number' of nodules, number of pods plant’1, dry 

weight of pods and uptake of nitrogen and'phosphorus in plant with dual inoculation 

compared with the uninoculated control.

Singh (1990) reported that the grain and shoot yield in pigeon pea was 

increased due to dual inoculation with Rhizobium and Glomus fasciculatum at all 

levels of nitrogen and phosphorus fertilizers applied. He opined that the greatest 

benefit to the crop was obtained when both the organisms were inoculated together 

with the fertilizer levels of 50 kg P ha'1 and 20 kg N ha'1. Arafat el al. (1995) 

inoculated Vicia faba  with Rhizobium and VAM fungus and applied 

superphosphate or rock phosphate as a phosphorus source. They found that the 

application of phosphorus as superphosphate gave higher plant dry weight and 

uptake of phosphorus and nitrogen than! rock phosphate. Singh (1996) reported

25



maximum nitrogen fixation in pigeon pea dually inoculated with llhizobium and 

VAM (Glomus fasciculatum) in the presence of phosphorus at the rate of 50 kg 

P2O5 ha'1 and nitrogen at the rate of 20 kg N ha'1 in the form of superphosphate and 

ammonium sulphate respectively. He also recorded a significant increase in nodule 

number and grain yield in dually inoculated plants along with 50 kg P2O5 ha'1. He 

also observed that the total nitrogen yield recorded by the plants when inoculated 

with VAM along with nitrogen at the rate of 20 kg N ha'1 was equivalent to 

Rhizobium sp. inoculation. .





3. MATERIALS AND METHODS

The study on the 'Interaction between VA mycorrhiza and 

Bradyrhizobium in cowpea’ was conducted during 1994-97 at College of 

Horticulture, Vellanikkara, Thrissur. Three separate pot culture experiments and 

one field experiment were carried out for this purpose. The details of the materials 

used and the techniques adopted in this investigation are presented below:

3.1 Estimation of natural occurrence of VAM in cowpea

A preliminary survey was conducted to find out the extent of natural VA 

mycorrhizal colonisation in cowpea [Vigna unguicidala (L.) Walp.] plants in 

different locations of Thrissur district. The locations selected were the following:

Sl.No. Locations

1 Vegetable Research Farm of College of Horticulture, Vellanikkara (COH, 
Vellanikkara)

2 Vegetable garden of KHDP, Vellanikkara
3 Banana Research Station, ICannara (BRS, Kannara)
4 Farmer’s field at Nadathara
5 Farmer’s field at Moorkanikkara

The intensity of VAM colonisation in tap root and lateral roots and also 

the spore count in soil in these locations were estimated in rainy (July) and summer 

(March) seasons in 1995.

3.2 Estimation of VA mycorrhizal colonisation

Twenty plants grown in each location were selected at random to estimate 

the VAM colonisation. The plants were uprooted without disturbing its root system 

and the roots were taken for observing the infection. Five hundred gram of rhizo- 

sphere soil was also taken for counting the number of spores of VAM. The roots



particles and then cut into small bits of approximately one cm in length. They were 

then transferred info, clean labelled bottles and fixed with formalin: acetic acid : 

alcohol mixture (FAA) (Appendix-I). \

For staining, the root bits taken from FAA were initially softened by 

simmering in 10 per cent KOH at 90°C for one hour. After cooling,the excess alkali 

was removed by repeated rinsing in tap water and then neutralized by 2 per cent 

HC1. The root bits were then stained with 0.05 per cent trypan blue in lactophenol 

for three minutes (Appendix-II).

The excess stain from the root tissues was removed by clearing 

overnight in fresh lactophenol. The root bits were examined for the typical VAM 

colonisation under a light microscope. The percentage of VAM colonisation was 

calculated by the following formula.
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were observed for the mycorrhizal colonisation as suggested by Phillips and

Hayman (1970). The roots were first washed in tap water to remove all adhering soil
'• i

Number of positive root segments x 100
Percent VAM colonisation = ----------------------------------------------------

Number of root segments observed

3,3 Isolation of VA mycorrhizal spores from soil

Modified wet sieving and decanting method of Gerdemann and Nicolson 

(1963) was used for the isolation of VAM spores from the soil. Hundred gram of 

rhizosphere soil collected from each location was initially suspended in 1000 ml of 

tap water. This was agitated vigorously to disperse all soil clumps. After the heavier 

particles had settled, the supernatant was filtered through a set of sieves (Jayant test 

sieves, Jambalwadi, Kalbadevi, Bombay) o f B.S.S.No.60 (250 microns), 150 (150 

microns) and 350 (45 microns). The residue left behind in the measuring cylinder 

was resuspended in 1000 ml tap water and passed through the same set of sieves.
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This procedure was repeated three to four times in order to collect maximum 

number of spores from the soil. Finally, the materials present on each sieve was 

transferred to 100 ml beakers in a small volume of water and filtered through 

Whatman No. I filter paper. The content of each filter paper w as  carefully examined 

under a stereo microscope for the typical spores of VAM. Spores of uniform size 

and shape which were predominant in number at a given location were selected and 

transferred to moistened filter paper in petri dishes with the help of fine capillary 

pipette. The number of spores present in 100 g soil was recorded.

3.4 Measurement of VAM spores

The spore size in micron .was recorded with the help of an ocular 

micrometer precalibrated with a stage micrometer.

3.5 Identification of VAM spores

The spores were identified on the basis of their shape, colour, surface 

texture and the nature of spore attachment by observing under a stereo microscope. 

The characters were then compared with the key prepared by Trappe (1982).

3.6 Mass multiplication of the VAM inoculum

Mass multiplication of the isolates of VA mycorrhizae was done by 

inoculating them in maize (Zea mays L.). Fifty spores of each culture of VAM were 

used for inoculation into maize. The maize plants were grown in steam sterilized 

potting mixture containing sand and soil in 1:1 ratio in small pots of 11 x 14 cm size 

for one month for the proper development of VAM. The roots from these plants 

were then collected for using as the starting material for the mass production of 

VAM inoculum. The inoculum was 'further multiplied by inoculating this 

mycorrhizal roots in large pots of 35 x 35 cm size containing 10 kg of steam 

.sterilized potting mixture of the above composition (Plate la  and lb). The
i



Plate 1a
Maize plants inoculated with VAM for mass multiplication.

Plate 1b
VAM infected maize root (100 X)



This inoculum was placed at a depth of about five cm in the centre of the 

large pot. Over this the seeds of maize were sown. The maize plants were grown for 

60 days for the proper development of infected roots. Infected roots of these plants 

along with 50 spores of the respective VAM were used as the mycorrhizal inoculum 

for various experiments conducted during this investigation.

3.7 Screening of VA mycorrhiza for efficiency in cowpea

This experiment was conducted in pot culture. Five isolates of VAM 

obtained from five different locations were used. Along with these local isolates, 

two isolates [Glomus fasciculatum (Thaxter Sensu Gerd.) Gerd. & Trappe and 

Glomus mosseae (Nic. & Gerd.) Gerd. & Trappe] procured from University of 

Agricultural Sciences(U.A.S.), Bangalore were also used. The experiment was laid 

out in completely randomised design with 'four replications.

The different treatments were the inoculation of the following 

mycorrhizal isolates. ' 1

Tj - Isolate from BRS, Kannara

T2 - Isolate from farmer’s field at Moorkanikkara

T3 - Isolate from farmer’s field at Nadathara

T4 - Isolate from vegetable research farm, COH, Vellanikkara

T5 - Isolate from vegetable garden, KHDP, Vellanikkara

Tfi - Glomus fasciculatum from U.A.S., Bangalore '

T7 - Glomus mosseae from U.A.S., Bangalore 

Tg - Control

mycorrhizal roots were cut into, small bits of about one cm length and 50 g each of

this root bit inoculum was- used for inoculating each pot.
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The experiment was conducted in earthen pots containing a potting 

.mixture of sand, soil and cowdung in 2:2:1 ratio. The potting mixture was initially 

steam sterilized in an autoclave for two hours at 1.05 kg cm . Inoculation with 

VAM was done as described earlier.

3.7.1 Cowpea variety

Cowpea variety 'Pusa Komal* was used throughout this investigation. 

Seeds were obtained from the Department of Olericulture, College of Horticulture, 

Vellanikkara.

3.7.2 Irrigation and cultural practices
'• i

The pots were irrigated regularly with sterilized water. The cultural 

operations were done as per Package of Practice Recommendations of KAU, 1993.
t

3.7.3 Observations

Biometric observations of the plants, viz. height of plant, number of 

leaves, fresh and dry weights of plant, root length, fresh and dry weights of roots, 

nodule number, fresh and dry weights of nodules and per cent VAM infection were 

recorded on the 45th day after sowing.

3.7.3.1 Height of plant

Height of plant was measured from the soil level to the top most part of

the plant.

3.7.3.2 Number of leaves

Total number of leaves was taken by counting from oldest to youngest
leaves of plant.



3.7.3.3 Fresh weight of plant

3.7.3.4 Length of root
i

This was taken from the collar region to the tip of the longest root.

3.7.3.5 Fresh weight of root

Root system of the plant was separated, washed with water, allowed to 

drain and the weight was taken in an electronic balance.

3.7.3.6 Nodule number

The number of nodules formed were counted after carefully uprooting 

each plant and removing adhering soil particles with the help of mild jet of water.

3.13.1 Fresh weight of nodule

. Fresh weight of nodule was taken in an electronic balance.

3.7.3.8 Dry weight of shoot, root and nodules

The dry weights of shoot, root and nodules were determined after drying 

the samples to a constant weight at 60°C in a drying oven.

Similarly in all other experiments, the biometric observations were taken 

as described above.

Fresh weight of plant was taken immediately after uprooting and

removing the soil particles adhered to the root system by gentle wash with water.
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3.8 Procurement of Bradyrhizobium culture

i •
Bradyrhizobium culture developed by the Kerala Agricultural University 

for cowpea was used for this study. The culture was maintained on yeast extract 

mannitol agar (Appendix-Ill). ; t

3.8.1 Purity of Bradyrhizobium culture

A loopfiil of the culture was suspended in five ml of sterilized water 

taken in test tube. This suspension was streaked on YEMA medium in petridishes 

and incubated at 28±2°C in a B.O.D. incubator for four days. Individual colonies 

showing the typical characteristics of Bradyrhizobium were then transferred to 

sterilized YEMA slants for further studies.

3.8.2 Primary characterisation of Bradyrhizobium

Bradyrhizobium culture was characterized by their cell morphology, 

Gram staining, growth on YEMA and glucose peptone agar medium.

3.8.2.1 Growth on glucose peptone agar

A loopful of the culture was streaked on glucose peptone agar medium 

(Appendix-IV) and then incubated at 28dr2°C for seven days in B.O.D. incubator. 

The extent of growth and change of colour of the medium if any were noted.

3.8.3 Inoculation of Bradyrhizobium

A thick suspension of four days old culture of Bradyrhizobium in YEMA 

slants was initially prepared by adding approximately 10 ml of sterilized water to 

each slant. This suspension was mixed thoroughly. Cowpea seeds were disinfected 

with 70 per cent ethyl alcohol and then washed with sterilized water. The
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bacterial suspension was mixed with the seeds. The treated seeds were sown 

immediately. This was the procedure followed for the bacterial inoculation of 

cowpea seeds in all the experiments.

3.9 Study on the . infection pattern of VA mycorrhiza and
Bradyrhtzobium inoculants

This study was conducted in a pot culture experiment, b was laid out in 

completely randomized design with four replications. The potting mixture consisted 

of sand, soil and cowdung in the ratio 2:2:1. This mixture was steam sterilized as 

described earlier. Multiple plants were maintained to accommodate for destructive 

sampling.

Treatments

BoMo - No inoculants

BoMj - VA mycorrhizal inoculation

B1M0 - Bradyrhizobium inoculation

BiMj - VA mycorrhiza + Bradyrhizobium inoculation

3.9.1 VA mycorrhiza

The most efficient VAM isolate obtained from the screening trial was* i
used as VAM inoculum. Inoculation and cultural operations were done as described 

earlier.

3.9.2 Observations

The extent of mycorrhizal colonisation and the number of nodules 

developed were observed at 10 days interval upto 60th day after sowing. The 

percentage of mycorrhizal colonisation was determined by the method described 

earlier. Nodule number was recorded after carefully exposing the root system.
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3.10 Anatomical studies of VAM colonisation pattern and iiodulation

3.10.1 Scanning electron microscopy of VAM colonised roots

VAM colonised roots were removed from the plant and washed in tap 

water to remove all adhering soil particles. They were then cut into small bits and 

fixed in 2.5 per cent glutaraldehyde in phosphate buffer for 12 hours. They were 

then passed through three changes of phosphate buffer at 15 minutes interval. 

Osmium oxide was added to root sample and kept in refrigerator for 1 Vi to 2 hours. 

It was washed with phosphate buffer for three times and passed through acetone 

series of 50, 60, 70 and 80 per cent for 25 minutes each. The sample was then kept 

overnight in 90 per cent acetone. The sample was then passed through three 

changes of 95 per cent acetone for 30 minutes and then immersed in 100 per cent 

acetone for absolute dehydration. The root bits were taken from the acetone and the 

cut surface was coated with gold vapour. They were then observed in Hitachi S-530 

scanning electron microscope.

3.10.2 Examination of VA mycorrhiza under a light microscope

The root samples were stained by the method described earlier (Philips 

and Hayman, 1970) and examined under a light microscope for VAM colonisation.

3.10.3 Scanning Electron Microscopy of root nodules

Healthy root nodules were initially detached along with a bit of root and 

washed in tap water to remove all adhering soil particles. They were fixed in 2.5 per 

cent glutaraldehyde in phosphate buffer for 12 hours and prepared for examination 

in SEM by the method described earlier.
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A pot culture experiment was conducted to study the efficiency of 

cowpea plants inoculated with VAM and Bradyrhizobium under different levels of 

added nitrogen and phosphorus fertilizers. The experiment was laid out as 4 x 6 

factorial in CRD with three replications. The treatment details are given below:

3.11 Pot culture experiment on the efficiency of the microsymbionts on
the uptake of nutrients under different levels o f nitrogen and
phosphorus

Factors:

Inoculants

10 - No inoculants

11 - VAM inoculant

12 - Bradyrhizobium inoculant

13 - VAM + Bradyrhizobium

Fertilizer levels

Fo - No added fertilizer

Fi - 20:30:10 kg NPK ha'1 (Package of Practice Recommendations 

of KAU, 1993)

F2 -10:30:10 kg NPK ha'1 (V2 N+P+K)

F3 - 5:30; 10 kg NPK ha"1 (lA N+P+K)

F4 - 20:15:10 kg NPK ha*1 (N+I/2P+K)

F5 - 20:7.5:10 kg NPK ha'1 (N+14P+K)
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The treatment combinations were as follows

loFo liFo 12F0 13Fo

IoFr IiFi I2F1 I3F1

IoF2 IiF2 i2f2 I3F2

IoF3 IiF3 i2f 3 i3f3

IoF4 IiF4 i2f4 t3f „

IoF5 I iF5 ' i2f 5 i3f 5

The experiment was conducted in earthen pots containing a potting 

mixture of sand, soil and cowdung in the ratio 2:2:1, which was initially steam 

sterilized in an autoclave for two hours at 1.05 kg cm2 pressure.

3.11.1 Application of inoculum

Inoculation1 with Bradyrhizobium and VAM was- done wherever 

required by the methods described earlier.

3.11.2 Fertilizer application

The fertilizers such as Urea, Superphosphate and Muriate of Potash were 

used to supply nitrogen, phosphorus and potassium respectively.

The nitrogen fertilizer was given in two split applications; half at the time 

of sowing and the other half after 20 days of sowing.

3.11.3 Observations

Biometric observations of the plant, viz. height of plant, number of 

leaves, fresh and dry weights of plant, length of root and fresh and dry weights of 

roots were recorded at 45th day after sowing. Nodule number, fresh and dry weights

i



3.11.4 Nutrient analysis of plant

The plant top was dried under sun for two days and then dried in an .oven 

at 65°C for two days. They were then powdered in a laboratory mill and this powder 

was used for the analysis of nutrients.

3 . 1 I .4 . 1 Nitrogen content

The nitrogen content of plant samples was determined by digesting 0.1 g 

of the sample in five mi of concentrated H2SO4 using digestion mixture (K2SO.i, 

CuSO-i and Selenium powder in 100:10:1 ratio) and the nitrogen in the digest was 

determined by microkjeldahl method.

3.11.4.2 Phosphorus and potassium content

One gram of the’powdered sample was digested in diacid (Nitric acid 

and Perchloric acid in 2:1 ratio) and the digest was made up to 50 ml. Two ml of the 

sample was taken to determine the phosphorus content colorimetrically bv 

vanadomolybdate phosphoric yellow colour method. The colour intensity was rend 

in a photoelectric colorimeter using blue filter. An aliquot (0.5 ml) from the diacid 

extract was taken to read potassium using flame photometer.

3.11.4.3 Micronutrients
1

For the estimation of calcium, magnesium, iron, copper and manganese 

in the plant sample, two ml of the diacid extract was taken and read directly in

of nodules and per cent mycorrhizal infection were also recorded. Biometric

observations were recorded as described earlier.



Atomic Absorption Spectrophotometer. The analysis of nitrogen, phosphorus,

potassium and micronutrients were done by the methods given in Table 1.

Table 1. Methods of plant analysis

Nutrient Method of estimation Reference

1. Nitrogen Microkjeldahl method Jackson, 1958
2. Phosphorus Vanadomolybdophosphoric 

yellow colour method
Jackson 1958

3. Potassium Flame photometry Jackson, 1958
4. Calcium Estimated in Atomic 

Absorption Spectrophotometer
Page, 1982

5. Magnesium » Page, 1982
6. Manganese 5 > Page, 1982
7. Copper Page, 1982
8. Iron Page, 1982

3.11.5 Soil Analysis

Soil samples were analysed after the experiment, for the available 

nitrogen, phosphorus and potassium content. Soil samples were collected from each 

pot for the estimation of nutrients status.

Ten gram of the air dried soil ‘was used for the estimation of available 

nitrogen by alkaline permanganate method. Bray’s extraction method was used to 

determine the available phosphorus in the soil. Five grams of air dried soil, passing 

through 0.25 mm sieve was mixed with 50 ml of Bray’s solution in a glass 

stoppered bottle. One ml of this extract was used to read the phosphorus content by 

ascorbic acid blue colour method. To determine the potassium content of soil, five 

grams of air dried soil was extracted with neutral normal ammonium acetate and 

two ml of the extract was used to read the potassium content by EEL Flame 

photometer. The methods adopted are given in Table 2.
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Table 2. Methods of chemical analysis of soil

Nutrient Method of estimation Reference

1. Available Nitrogen

2. Available Phosphorus

3. Available Potassium

Alkaline permanganate 
method
Ascorbic acid blue colour 
method (Bray-1 extraction) 
Flame photometry 
(Neutral normal ammonium 
acetate extraction)

Subbiah and Asija, 1956

Watanabe and Olsen, 
1965
Jackson, 1958

£
3.12 Field experiment^ on the efficiency of the microsymbionts on the 

uptake of nutrients under different levels of nitrogen and 
phosphorus

i

This field experiment was laid out in randomized block design with three 

replications. The plot size was 2 x 2 m.
* t

Treatment combinations were as follows:

Ti - Control - No inoculants, no added NPK

T2 - 20:30:10 kg NPK ha'1 (Package of Practice Recommendations of KAU, 1993) 

T3 -VAM  + NoNPK

T4 - VAM + 20:15:10 kg NPK h a 1 (VAM+N+'/2P+K)

T5 - VAM + 20:7^5:10 kg NPK h a 1 (VAM+N+WP+K)

T<; - Bradyrhizobium + No NPK

T? - Bradyrhizobium + 10:30:10 kg NPK h a 1 (B+V4N+P+K)

T8 - Bradyrhizobium + 5:30:10 kg NPK ha'1 (B+V4N+P+K)

T9 - VAM + Bradyrhizobium (VAM + B)

T10 - VAM + Bradyrhizobium + 10:15:10 kg NPK ha'1 (VAM+B+V2N+V2P+K)

Tn - VAM + Bradyrhizobium + 5:7.5:10 kg NPK ha'1 (VAM+B+!4N+!4P+K)
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3.12.1 Preparation of field

The experimental area was tilled, levelled and laid out into blocks and

plots.

3.12.2 Collection of soil samples

Soil samples were collected from each plot for the estimation of available
• t

nitrogen, phosphorus and potassium. Samples were taken as per the standard 

method.

i
3.12.3 Application of inoculum

Seed treatment with Bradyrhizobium and soil application of VA 

mycorrhiza culture'were done as described earlier.

3.12.4 Fertilizer application

Fertilizers were applied as described in the earlier experiment.

3.12.5 Observations

Biometric observations of the plants, viz. height of plant, number of 

leaves, fresh and dry weights of plant, length of root and fresh and dry weights of 

root were taken at 45th day after sowing. These observations were also recorded at 

the time of harvest. Nodule number, fresh weight and dry weight of nodule were 

recorded both at 45th day after sowing and at the time of harvest. Mycorrhizal 

colonisation of roots was recorded at 50 per cent flowering of plants. At the time of 

harvest yield was recorded.
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3.12.6 Nutrient content of plant

-The nitrogen, phosphorus, potassium, calcium, magnesium, manganese, 

copper and iron content in the plant samples were analysed by the methods 

described earlier.

3.12.7 Soil analysis

The available nitrogen, phosphorus and potassium content of soil 

samples after the experiment were analysed by the methods described earlier.

3.13 Statistical analysis

Data pertaining to each experiment were tabulated separately and 

subjected to appropriate statistical analysis using the MSTAT package available at 

the Central Computer Facility of the College of Horticulture, Vellanikkara, Thrissur.
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4. RESULTS

A survey on the occurrence of natural VA mycorrhizal colonisation in five 

cowpea growing locations in Thrissur district was conducted during the rainy and 

summer seasons of 1995. The pH of the soil in these locations was acidic and it 

ranged from 5.2 to 5.8.

The results of the survey are presented in Tables 3 to 6. The results 

showed that the natural VAM colonisation in all the locations was fairly good and it 

ranged from 26.09 to 83.40 per cent. VAM colonisation was found high during the 

rainy season than in summer.
i

The results showed that during rainy season, mean VAM colonisations on 

the lateral roots of cowpea plants were the maximum at farmer’s field at Nadathara
; i

(80.08%) and the minimum colonisation (61.72%) was found in plants grown at 

BRS, Kannara. At Nadathara, the VAM colonisation percentage on lateral roots 

ranged from 75.00 to 93.75 per cent. At Kannara, the maximum colonisation was 

89.06 and the minimum, 17.18 per cent (Table 3).

The results on the percentage of VAM colonisation on the tap roots 

during rainy season are presented in Table 4. The maximum tap root colonisation 

was found in cowpea plants at farmer’s field at Nadathara (83.4%) and minimum 

colonisation at farmer’s field, Moorkanikkara (26.09%). At Nadathara, the 

colonisation percentage ranged from 68.75 to 100. Tap root colonisation of VAM 

was minimum and almost similar at farmer’s field at Moorkanikkara (26.09%) and 

at BRS, Kannara (26.12%).

4.1 Estimation of natural occurrence of VA mycorrhizal colonisation in
cowpea
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Table 3. Percentage of VAM colonisation of lateral roots of cowpea plants at survey
locations in rainy season

Plant
No.

BRS
Kannara

COH
Vellanikkara

KHDP
Vellanikkara

Farmer’s field 
Moorkanikkara

Farmer’s field 
. Nadathara

1 42.18 ■ 100.00 81.25 98.43 90.62
2 70.31 54.68 76.56 85.93 85.93'
3 67.18 ' 76.56 70.31 78.12 75.00
4 79.68 62.50 73.43 92.18 89.06
5 62.50 62.50 69.16 76.56 78.13
6 82.81 76.56 85.93 76.56 81.25;
7 35.93 87.50 71.87 54.68 90.62
8 35.93 57.81 62.50 39.06 89.06
9 45.31 71.86 69.16 65.62 93.75

10 59.37 65.62 65.62 78.12 81.25.
11 17.18 68.75 73.43 75.00 76.56
12 67.18 65.62 71.87 78.12 84.35'
13 84.37 82.81 84.37 79.68 76.56
14 89.06 73.43 75.00 82.81 79.68
15 87.50 70.31 75.00 84.37 76.56
16 37.50 87.50 71.87 84.37 92.18,
17 46.87 87.50 73.43 84.37 85.93
18 81.25 89.06 71.87 85.93 84.37
19 65.92 84.37 84.37 75.00 82.81
20 78.12 75.00 67.18 79.68 78.12

Mean 61.79 74.99 73.70 74.23 80.08



Table 4. Percentage of VAM colonisation of tap root of cowpea plants at survey
locations in rainy season

Plant
No.

BRS
Kannara

COH
Vellanikkara

KHDP
Vellanikkara

Farmer’s field 
Moorkanikkara

Farmer’s field 
Nadathara

1 42.50 50.00 90.62 37.50 87.50
2 20.80 43.75 81.25 43.75 100.00
3 32.60 53.12 90.62 28.12 100.00
4 25.00 21.87 59.37 28.12 71.87
5 21.80 21.87 56.25 21.87 87.50
6 20.16 37.50 90.62 25.00 78.12
7 40.50 25.00 81.25 21.87 87.50
8 25.00 21.87 90.62 21.87 90.62
9 34.38 21.87 56.25 15.62 87.50

10 26.10 46.87 68.75 21.87 75.00
11 18.65 25.00 68.75 18.75 75.00
12 32.56 40.62 50.00 25.00 100.00
13 27.16 18.75 71.87 34.37 71.87
18 24.40 25.00 56.25 25.00 - 68.75
15 20.50 34.37 62.50 25.00 78.12'
16 22.60 21.87 62.50 25.00 81.25
17 18.50 25.00 65.62 28.12 87.50
18 24.67 21.87 62.50 15.62 75.00 -
19 25.12 25.00 65.62 31.25 71.87
20 19.50 28.12 62.50 28.12 93.75

Mean 26.12 30.47 69.68 26.09 83.40
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The percentage of VAM colonisation on the lateral roots of cowpea plants 

during summer season is presented in Table 5. Here also the maximum colonisation 

(65.43%) was found in plants grown at farmer’s field at Nadathara where, the 

colonisation ranged from 46.87 to 89.06 per cent. The minimum colonisation on 

lateral roots was found in plants grown at BRS, Kannara where the colonisation was 

only 44.37 per cent. Here colonisation oh tap root varied from 18.75 to 62.5 per 

cent.

The results on tap root colonisations of VAM during summer season is 

presented in Table 6. The tap root colonisation was maximum at farmer’s field at 

Nadathara (48.7%) and the minimum was in the plants grown at COH, 

Vellanikkara (27.34%). In the farmer’s field at Nadathara, the tap root colonisation 

ranged from 16.66 to 78.12 per cent, whereas at COH, Vellanikkara, it ranged from 

6.25 to 50 per cent.

4.1.1 Spore count of VAM fungi in rhizosphere soil

Spore count of VAM fungi was taken from the rhizosphere soil of cowpea 

plants at each location during rainy and summer seasons. The results are presented 

in Table 7. There was not much differences among the locations in the mean 

number of VA mycorrhizal spores. On comparing the seasons, more number of 

VAM spores were seen in the rainy seasonm all locations except in farmer’s field at 

Moorkanikkara. A maximum of 87 spores were recorded from the soils of COH, 

Vellanikkara; KHDP, Vellanikkara and Farmer’s field at Nadathara during the rainy 

season. '

In summer season, the maximum number of 87 spores was recorded from 

farmer’s field at Moorkanikkara and farmer’s field at Nadathara. The lower spore 

count of 53 and 60 were obtained from the soil sample collected from BRS,



Table 5. Percentage of VAM colonisation of lateral roots of cowpea plants at survey
locations in summer season

Plant
No.

BRS
Kannara

COH
Vellanikkara

KHDP
Vellanikkara

Farmer’s field 
Moorkanikkara

Farmer’s field 
Nadathara

1 51.56 56.25 73.43 67.18 89.06
2 59.37 51.56 67.18 56.25 79.18
3 51.56 68.75 78.12 62.50 87.50
4 56.25 56.25 70.31 81.25 67.18
5 46.87 43.75 43.75 70.31 64.06
6 56.25 64.06 42.18 81.25 73.43
7 53.12 67.18 67.18 48.43 85.93
8 35.93 45.31 56.25 46.87 53.12
9 42.18 65.62 62.50 60.93 85.93

10 29.68 54.68 57.81 37.50 70.31
11 32.93 40.62 51.56 62.50 62.50
12 39.06 32.81 59.37 48.43 56.25
13 18.75 28.12 50.00 53.12 67.18
14 37.50 43.75 51.56 59.37 60.93
15 43.75 53.12 32.81 48.43 56.25
16 42.18 57.81 37.50 45.31 46.87
17 50.00 59.37 42.18 45.31 50.00
18 32.81 65.62 57.81 54.68 57.81
19 62.50 54.68 50.00 42.18 46.87
20 42.18 40.62 54.68 48.43 48.43

Mean 44.37 52.49 55.31 56.06 65.43
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Table 6. Percentage of VAM colonisation of tap root of cowpea plants at survey
locations in summer season

Plant
No.

BRS
Kannara

COH
Vellanikkara

KHDP
Vellanikkara

Farmer’s field 
Moorkanikkara

Farmer’s field 
Nadathara

1 37.50 25.00 31.25 28.12 75.00
2 31.25 28.12 28.12 46.87 50.00
3 15.62 31.25 50.00 31.25 78.12
4 28.12 37.50 46.87 25.00 68.75
5 40.62 40.62 37.50 40.62 50.00
6 34.37 15.62 43.75 43.75 65.62
7 62.50 31.25 40.62 53.12 46.87
8 46.57 6.25 15.62 43.75 16.66
9 56.25 21.87 25.00 40.62 46.87

10 53.12 25.00 15.62 50.00 37.50
11 37.50 15.62 28.12 21.87 37.50
12 46.78 28.12 12.50 15.62 56.25
13 56.25 28.12 28.12 37.50 34.37
14 50.00 31.25 37.50 12.50 40.62
15 56.25 25.00 46.87 15.62 50.00
16 15.62 50.00 15.62 16.66 .73.12
17 28.12 12.50 37.50 25.00 43.75
18 50.00 15.62 31.25 31.25 46.87
19 15.62 37.50 28.10 12.50 18.75
20 12.50 40.62 15.62 50.00 37.50

Mean 38.75 27.34 30.78 29.58 48.70
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Table 7. VAM spore count in the rhizosphere soil at the survey locations

Location No. of spores/100 g rhizosphere soil

Rainy season Summer season

1. Banana Research Station, Kannara 60 53

2. Vegetable research farm of College of 
Horticulture, Vellanikkara

87 73

3. Vegetable garden of K.H.D.P., 
Vellanikkara

87 80

4. Farmer’s Field, Moorkanikkara 80 87

5. Farmer’s Field, Nadathara 87 87
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4.2 Identification of VA mycorrhiza

VA mycorrhizal spores collected from the rhizosphere soils of cowpea 

plants at the survey locations were identified on the basis of their size, shape, colour, 

surface texture and mode of hyphal attachment. Most of the spores were globose 

with simple basal attachment. The colour showed variations of yellow, brown and 

reddish brown under incident light in a stereomicroscope. The surface texture was 

smooth. The spores were typical of Glomus sp. with an average size of 131.02 pm. 

It was found that the VAM spores found in all locations were identical to that of 

Glomus (Plate 2a and 2b).
i

4.3 Screening of VA mycorrhizal isolates for efficiency in cowpea

• i
The results of the experiment are presented in Table 8. The results 

showed that plant height, number of leaves and fresh and dry weights of the plant 

were not significantly different among the treatments. But the fresh weight of root 

and percentage of VAM colonisation showed significant difference?.The maximum 

mean fresh weight of root (3.05 g) was recorded by the plants treated with native 

culture of VAM (T3) isolated from farmer’s field at Nadathara. The same native 

VAM culture recorded the maximum mean percentage of VAM colonisation 

(67.93) in cowpea plants.

In all other observations^ eventhough this isolate did not attain statistical 

significance, ranked either second or third. For selecting the best among the 

different isolates, VAM colonisation per cent was given more weightage. 

Considering the results on other parameters and giving more importance on VAM

Kannara during the summer and rainy seasons respectively. There was no seasonal

effect for the spore count at the farmer’s field at Nadathara.
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Table 8. Screening for efficiency of VA mycorrhizal isolates - Effect of VAM from
survey locations on plant characters 

and percentage of VAM colonisation

Treatments Height of 
plant 
(cm)

No. of 
leaves

Fresh 
weight of 
plant (g)

Dry
weight of 
plant (g)

Fresh 
weight of 
of root (g)

VAM 
colonisat
ion (%)

Ti 26.53 10.50 11.11 4.88 1.16 60.80

t2 27.50 13.77 15.00 7.14 1.24 64.67

t 3 31.27 16.53 20.55 7.43 3.05 67.93

T4 31.63 15.30 18.33 5.90 1.23 33.97

t 5 29.80 15.80 20.72 7.22 2.16' 40.50

t6 31.37 17.13 21.39 7.59 2.87 32.67

T7 32.20 15.87 19.25 7.31 ■ 1.91 38.57

t 8 30.73 15.30 15.99 5.87 1.49 18.93

CD NS NS NS NS 0.90** 7.08*

**Significant at 1 per cent level 
* Significant at 5 per cent level 
NS - Non significant



4.4 Characterisation of Bradyrhizobium culture

i
The cowpea Bradyrhizobium culture procured from College of 

Agriculture, Vellayani was tested for its purity. Microscopic observations showed 

rod shaped cells. Gram reaction was negative. Colonies appeared after 48-72 h in 

YEMA medium. On glucose peptone agar, the growth was scanty without any 

change in colour of the medium even after seven days of incubation.

I
4.5 Infection pattern of VA mycorrhiza and Bradyrhizobium in cowpea 

plants

The results of this experiment are presented in Table 9.

4.5.1 Infection pattern of Bradyrhizobium

The results showed that nodulation was started 10 days after sowing. 

Plants inoculated with Bradyrhizobium alone and in combination with VAM 

recorded a nodule number of 35.25 and 45.75 respectively on the 10th day of plant 

growth. Later a gradual increase in nodule number was observed till 40th day. On 

40th day Bradyrhizobium treatment yielded 91 and its combination with VAM 

inoculation yielded 106.5 nodules. After that there was a gradual reduction in 

nodule number. Thus the maximum nodulation in both the treatments were found to 

be at 40th day (Plate 3). Except at 20th day, at all other stages the Bradyrhizobium 

inoculation combined with VAM inoculation produced more number of nodules 

than when Bradyrhizobium alone was inoculated. At 40th day control plants 

produced only 12.25 nodules.

colonisation, T3 (isolate from farmer’s field at Nadathara) was selected for further

experiments in this study.



Table 9. Infection pattern of VA mycorrhiza and Bradyrhizobium in cowpea - 
Effect of inoculation of microsymbionts on nodule number 

and percentage of VAM colonisation

Age of the 
plant (days)

Number of nodules Per cent VAM colonisation

BoMo BoMi B]Mo BiM] BoMo BoMi BiMo BiMi

10 9.50 16.75 35.25 45.75 0 50.28 3.92 51.19

20 10.75 21.00 84.75 69.50 0 51.37 8.85 43.57

30 10.75 25.00 87.50 100.25 3.12 48.25 5.38 59.71

40 12.25 33.50 91.00 106.50 2.95 65.97 . 3.47 65.80

50 8.25 16.25 70.75 96.25 6.77 52.25 4.51 64.05

60 9.50 25.75 90.00 91.50 5.90 47.22 5.21 58.50
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4.5.2 Infection pattern of VAM 1

In control plants VAM infection was noticed only from 30th day onwards,
x • i

whereas in treated plants infection was found to start from 10th day onwards (Table 

9, Plate 4). The percentage of VAM colonisation was also found to be the maximum 

on 40th day of plant growth in both treatments, viz. inoculation with VAM alone 

and VAM along with Bradyrhizobiam. The colonisation percentage were 65.97 and 

65.80 respectively. Plants inoculated with VAM showed about 50 per cent 

colonisation of roots even on 10th day of plant growth. Afterwards colonisation per 

cent reached the maximum on 40th day. Observations on 50th and 60th day did not 

show much variation from the 40th day of plant growth. In control plants the 

maximum colonisation percentage of 6.77.was found at 50th day.

4.6 Anatomical studies of nodulation and VAM colonisation pattern

4.6.1 Light microscopy of VA mycorrhizal roots

Light microscopy of VAM colonised roots showed the presence of hyphae 

and vesicles only in the root cortex. The highly branched hyphae of VAM were 

found to grow almost parallel to the root axis, occupying much of the primary 

cortex. The hypha showed H-shaped and V-shaped branching (Plate 5). The 

vesicles formed were typically terminal and oval in shape. Under high power 

(400 x) magnification, oil globules were visible in the vesicle (Plate 6).

About 50 per cent root colonisation was obtained in plants inoculated 

with VAM on 10th day of plant growth (Table 9). At this stage VAM colonisation 

in the root cortex was clearly visible under the light microscope. The hypha of VAM 

spread along the walls of the host cells and formed intracellular hyphal coils. At ten 

days of plant growth, the hyphae gave rise to arbuscules in the cells (Plate 7a and 

7b). Later the arbuscules gradually disintegrated and vesicles started to form. 

Number of vesicles on 10th day of plant growth was very less. But it gradually
i
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Plate 2a
Direct attachment of VAM spore at the hyphal tip. (100 X)

Plate 3
Nodulation of cowpea plant at 

40th day after sowing

Plate 4
VAM colonisation of cowpea root at 10th day after sowing. (100 X)
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increased in the later stages of plant growth. Observation on 40th day of plant 

growth showed the maximum percentage of VAM colonisation in cowpea roots. 

Observations of spores under light microscope confirmed the presence of Glomus 

sp. Observations of the nodules under the light microscope showed the presence oi 

VA mycorrhizal hyphae in the nodule tissues (Plate 8).

4.6.2 Scanning Electron Microscopy of VA mycorrhizal roots

Electron microscopic studies of the infected roots and nodules were 

carried out and the results are depicted in Plates 9 to 16. The electron micrographs 

showed considerable presence of VA mycorrhizal hyphae on the root surface (Plate 

9). A magnified view revealed that the mycelium grew adhering to the root surface 

before penetrating in to the root cortex (Plate 10). The mycelium had grown along 

the contours of the root surface and gradually spread out in to the soil zone. The 

Plates 11 and 12 revealed the type of penetration of the VAM fungus to the root 

cortex. Colonisation of the root by the hyphae were found to occur in two ways as 

revealed in the plates. In one, the mycorrhizal fungus was found to penetrate the 

root directly almost at right angle with the root (Plate 11). In another, the hyphae 

grew along the root surface and gradually entered in to the root cortex (Plate 12).

Electron micrographs of the vesicle (Plate 13a and 13b) revealed its fine 

structures. The vesicles were found attached terminally on the hyphae. The vesicles 

were oval and the host tissue contents were found adhered on the vesicle surface. 

Arbuscules were composed of highly branching hyphal tips (Plate 14) and the 

branches were short, twisted and the tips were slightly bulged.

Observations of nodules under electron microscope revealed the rough 

nature of the nodule surface (Plate 15). The nodule surface was found relatively free 

of hyphal growth compared with root surface. However, a scanty growth of the 

hypha on the nodule surface was observed. The presence of coiled mycelium was



Plate 5
VAM hyphae showing ‘H ’ and V  

shaped branching in cowpea root. 
(400 X)

I . ft 
Plate 6

VAM vesicles showing terminal 
attachment and presence of oil 

globules. (400 X)

Plate 7a
VAM arbuscules and vesicles in 

cowpea root. (100 X)

Plate 7b
VAM arbuscules under high power. 

(400 X)

Plate 8
Presence of VAM hypha in root nodule tissue. (400 X)



4.7 Pot culture experiment on the efficiency of the microsymbionts on the 
uptake of nutrients under different levels of nitrogen and phosphorus

All biometric observations recorded m this experiment were statistically 

analysed. The data are presented in Tables 10 to 20.

The individual and interaction effects of VA mycorrhiza, Bradyrhizobium 

and different levels of nitrogen and phosphorus fertilizers on growth parameters of 

the plant are detailed below.

4.7.1 Number of leaves

The results on number of leaves are presented in Table 10. The effect of 

inoculants on the number of leaves per plant was statistically significant. But the 

effect of different fertilizer levels and the interaction between inoculants and• i
fertilizer levels were not significant. Among the inoculants, maximum number of 

leaves (10.81) was produced by the plants dually inoculated with VAM and 

Bradyrhizobium. Eventhough the interaction between inoculants and fertilizer 

application was not significant, maximum number of leaves (13.00) was recorded in 

plants treated with VAM + Bradyrhizobium along with N + X/2P + K.

4.7.2 Height of plant

Only the effect of inoculants showed statistical significance in influencing 

the height of plants (Table 11). Fertilizer treatments and interaction between 

fertilizer and inoculants were not significant. Among the microsymbiont treatments 

maximum plant height (27.72 cm) was observed in plants treated with

seen in the inner tissues of nodules (Plate 16). But its growth and spread was very'

much restricted.



Plate 9
SEM of cowpea root surface showing 
the VAM hyphae.

Plate 10
SEM showing VAM hyphae adhered 

on the root surface.

Plate 11
SEM showing VAM hyphal penetration 
into the root at right angle.

Plate 12
SEM showing gradual entry of VAM 

hyphae into the root.



Plate 13
SEM of VAM vesicle in the root tissue.

Plate 13b
A magnified view of VAM vesicle.

Plate 14
SEM of arbuscules in the root tissue.

Plate 15
SEM of nodule surface free of VAM hypha.

Plate 16
SEM of internal tissues of nodule 
showing the presence of VAM hypha.



57

Table 10. Pot culture experiment - effect of microsymbionts and fertilizer levels on
number of leaves of cowpea

Treatments ' No N+P+K' VfcN+P+K 'AN+P+K N+I/2P+K N+'AP+K Mean
fertilizer

No inoculants 6.17 6.33 8.33 9.17 12.50 8.00 8.42

VAM 8.33 9.00 9.50 8.33 7.50 9.17 8.64

Bradyrhizobium 7.50 9.17 8.17 8.33 7.67 8.33 8.28

VAM +Brady- 11.33 10.33 8.50 10.00 13.00 11.67 10.81
rhizobium

Mean 8.33 8.71 8.63 9.08 10.17 9.30

CD(0.01) for comparison of inoculum 1.09
Fertilizer level NS
Inoculum x fertilizer level NS

Table 11. Pot culture experiment - effect of microsymbionts and fertilizer levels on
height of cowpea (cm)

Treatments No
fertilizer

N+P+K '/2N+P+K ViN+P+K N+'/2P+K N+MP+K Mean

No inoculants 26.00 26.00 25.67 25.00 26.17 27.33 26.03

VAM 28.00 26.83 24.83 27.00 28.50 30.83 27.67

Bradyrhizobium 26.33 28.67 28.50 28.67 29.17 25.00 27.72

VAM + Brady
rhizobium

26.00 25.67 23.50 26.00 25.00 23.83 25.00

Mean 26^58 26.79 25.63 26.67 27.21 26.75

CD(0.01) for comparison of inoculum 1.65
Fertilizer level NS
Inoculum x fertilizer level NS



58

Bradyrhizobium and was on par with VAM inoculation. Among the interactions, the 

maximum height of plant (30.83 cm) was recorded by the treatment VAM + N + 

Va?  + K, eventhough its effects were not significant.

4.7.3 Root length

The results on the root length are presented in Table 12. Only the effect of 

inoculants was statistically significant in influencing the length of root. Fertilizer 

application and the interaction between inoculants and fertilizer application were 

not significant in influencing the root length. The maximum root length recorded 

was 26.61 cm in the treatment where Bradyrhizobium alone was applied. Dual 

inoculation of the symbionts was also statistically on par with the above treatment. 

Eventhough the effect of fertilizer levels were not significant, N + VaP + K produced 

Li" maximum root length o f25.75 cm. The treatment Bradyrhizobium alone without 

any fertilizer appliction recorded maximum root length (29.00 cm) eventhough its 

effects were not significant.

4.7.4 Fresh weight of plant

Fresh weight of plants are given in Table 13. The results showed that the 

effect of microbial inoculum and the interaction between inoculum and fertilizer 

levels were significant. Among the inoculants combined application of VAM and 

Bradyrhizobium was statistically superior in increasing the fresh weight of plants 

(22.00 g) and was on par with VAM inoculation alone. Among the fertilizer 

treatments, V6N + P + K was the first ranking treatment giving 19.5 g of fresh 

weight eventhough there was no c . significant difference. VAM combined with 

V4N + P + K was the statistically superior treatment combination which recorded 

25.5 g of plant fresh weight.
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Table 12. Pot culture experiment - effect of microsymbionts and fertilizer levels on
length of roots (cm)

Treatments No N+P+K ‘/zN+P+K %n +p +k N+VzP+K N+'AP+K Mean
fertilizer

No inoculants 18.67 19.00 18.83 19.83 19.50 20.83 19.44

VAM 21.33 20.50 22.83 21.17 23.50 28.33 22.94

Bradyrhizobium 29.00' .27.17 26.33 26.00 24.67 26.50 26.61

VAM + Brady
rhizobium

26.33 25.50 23.00 26.50 28.17 27.33 26.14

Mean 23.83 23.04 22.75 23.38 23.96 25.75

CD(0.01) for comparison of inoculum 1.98
Fertilizer level NS
Inoculum x fertilizer level NS

Table 13. Pot culture experiment - effect of microsymbionts and fertilizer levels on
fresh weight of cowpea (g)

Treatments No
fertilizer

N+P+K y-N+P+K 1 ± 75 N+!4P+K N+'AP+K Mean

No inoculants 6.83 9.33 12.33 . 12.50 13.67 11.18 10.97

VAM 16.83 21.50 25.50 22.17 18.50 24.83 21.56

Bradyrhizobium 15.50 19.00 18.00 16.00 19.50 15.00 17.17

VAM + Brady
rhizobium

24.67 20.17 22.17 25.33 21.67 18.50 22.00

Mean 15.96 17.50 19.50 19.00 18.21 17.38

CD(0.01) for comparison of inoculum 2.06
Fertilizer level NS
CD(0.05) for comparison of inoculum x fertilizer level 5.05



4.7.5 Dry weight of plant

• i
The effect of treatments on dry weight of plant is presented in Table 14. 

Different inoculants and different levels of fertilizer application had significant 

effect on plant dry weight. But there was no significant difference in the interaction 

between inoculants and fertilizer application on the dry weight of plant. Dual 

inoculation of VAM with Bradyrhizobium was the superior treatment giving 8.29 g 

of plant dry weight. VAM inoculation alone was also on par with this treatment. 

Among fertilizer treatments, except the application of N+P+K as per Pack'age of 

Practice Recommendations of KAU, 1993, all other treatments were statistically 

superior to the control. N + '/2P + K was the first ranking treatment which gave 7.68 

g of plant dry weight.

4.7.6 Fresh weight of roots

The results on fresh weight of roots are presented in Table 15. The effect 

of inoculants and fertilizer treatments were statistically significant. VAM 

inoculation alone was the top ranking treatment producing 2.99 g of fresh weight of 

root. This was followed by dual inoculation treatment which was on par with VAM 

alone. Fertilizer level of ‘AN + P + K. was found to be the best among fertilizer 

treatments producing 2.68 g of root fresh weight* This was followed by three other 

treatment levels which were statistically on par. Interaction of inoculants with 

fertilizer levels was not significant.

4.7.7 Dry weight of roots

Table 16 shows the dry weight of roots as influenced by different 

treatments. Here also, the effect of inoculum and levels of fertilizer application 

showed statistical significance. Among the inoculants VAM was top ranking one



Table 14. Pot culture experiment - effect of microsymbionts and fertilizer levels on
dry weight o f cowpea (g)

Treatments No
fertilizer

N+P+K V4N+P+K %N+P+K N+’/zP+K N+OT+K Mean

No inoculants 3.38 4.02 6.17 5.50 6.58 4.80 5.11

VAM 6.78 7.78 8.10 8.05 8.12 9.00 7.97

Bradyrhizobium 6.87 8.00 7.55 7.63 7.68 7.38 7.52

VAM + Brady- 8.82 7.72 8.07 8.88 8.35 7.92 8.29
rhizobium

Mean 6.46 6.93 7.47 7.52 7.68 7.28

CD(0.01) for comparison of inoculum 0.62
CD(0.05) for comparison of fertilizer level 0.77
Inoculum x fertilizer level NS

Table 15. Pot culture experiment - effect of microsymbionts and fertilizer levels on
fresh weight of roots of cowpea (g)

Treatments No
fertilizer

N+P+K 1 I 71 ViN+P+K N+’AP+K N+V4P+K Mean

No inoculants 1.90 2.08 2.45 2.25 2.10 2.10 2.15

VAM 2.26 3.05 3.34 3.38 2.65 3.25 2.99

Bradyrhizobium 1.60 2.22 1.83 1.95 1.89 1.59 1.85

VAM + Brady
rhizobium

2.53 2.81 2.74 3.15 2.58 2.49 2.72

Mean 2.07 2.54 2.59 2.68 2.30 2.36

CD(0.01) for comparison of inoculum 0.30
CD(0.05) for comparison of fertilizer level 0.37
Inoculum x fertilizer level NS



Table 16. Pot culture experiment - effect of microsymbionts and fertilizer levels on
dry weight of roots of cowpea (g)

Treatments No
fertilizer

N+P+K m t-p+K HN+P+K N+’/aP+K N+V4P+K Mean

No inoculants 1.16 1.29 1.46 1.31 1.35 1.32 1.32

VAM 1.23 1.56 1.61 1.58 1.46 1.83 1.55

Bradyrhizobium 1.36 1.79 1.52 1.53 1.58 1.42 1.53

VAM +Brady- 
rhizobium

1.34 1.48 1.55 1.70 1.39 1.52 1.50

Mean 1.27 1.53 1.54 1.53 1.44 1.52

CD(0.01) for comparison of inoculum 
CD(0.05) for comparison of fertilizer level 
Inoculum x fertilizer level

0.15
0.18
NS
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producing 1.55 g of root dry weight. Bradyrhizobium and dual inoculation with 

VAM and Bradyrhizobium were also on par with VAM treatment. Among the 

fertilizer levels, V2N + P + K was the be^t treatment giving 1.54 g of root dry 

weight. All other fertilizer levels except no fertilizer application were also 

statistically on par with this. Interaction of inoculants with fertilizer levels was not 

significant.

4.7.8 Nodule num ber.

Table 17 shows the results on nodule number. It was observed that the 

treatment with inoculants had a significant effect on nodulation on cowpea. But the 

fertilizer treatment and interaction effects were not significant to influence the root 

nodulation. Among the inoculants, combined inoculation with VAM and 

Bradyrhizobium recorded maximum number of nodules (110.61). This was 

statistically superior to all other inoculants. Eventhough there was no significant 

difference among the interaction between inoculants and fertilizer levels, the plants 

treated with VAM + Bradyrhizobium along with N + V$P + K recorded maximum 

nodule number (135.0).

4.7.9 Fresh weight of nodules

The results on fresh weight of nodules are presented in Table 18. The 

results showed that the treatments with- inoculants and with different doses of 

fertilizers had a significant effect on the fresh weight of nodule. The effect of 

interaction between inoculants and fertilizer levels was not significant. The plants 

dually treated with VAM and Bradyrhizobium recorded maximum fresh weight of

2.04 g of nodules. The maximum fresh weight of nodules produced by fertilizer 

application of N + !4P + K was 1.85 g and was oil par with N+P+K as per Package 

of Practice Recommendations of KAU, 1993.
1 •
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Table 17. Pot culture experiment - effect of microsymbionts and fertilizer levels on
number o f nodules in cowpea

Treatments No N+P+K V2N+P+K 14N+P+K N+'/zP+K N+ViP+K Mean
fertilizer

No inoculants 8.33 16.50 38.83 46.30 36.50 34.00 30.08

VAM 54.33 59.00 61.17 43.83 58.50 62.67 56.58

Bradyrhizobium 59.83 75.00 54.33 56.33 86.00 82.33 68.97

VAM + Brady- 85.33 120.67 88.50 113.00 121.17 135.00 110.61
rhizobium

Mean 51.96 67.79 60.71 64.87 75.54 78.50

CD(0.01) for comparison of inoculum 16.93
Fertilizer level NS
Inoculum x fertilizer level NS

Table 18. Pot culture experiment - effect of microsymbionts and fertilizer levels on
fresh weight of nodules of cowpea (g)

Treatments No
fertilizer

N+P+K ’/zN+P+K J4N+P+K N+14P+K N-H^P+K Mean

No inoculants 1.19 1.90 1.00 0.95 1.01 1.06 1.18

VAM . 1.56 1.60 1.46 1.71 1.46 2.41 1.70

Bradyrhizobium 1.35 1.36 1.31 1.19 1.42 1.53 1.36

VAM +Brady- 
rhizobium

1.93 2.36 1.72 2.19 1.63 2.38 2.04

Mean 1.51 1.80 1.37 1.51 1.38 1.85

CD(0.01) for comparison of inoculum 0.27
CD(0.01) for comparison of fertilizer level 0.33
Inoculum x fertilizer level NS
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4.7.10 Dry weight of nodules

The results on the dry weight of nodules are presented in Table 19. 

Inoculation with the microsymbionts had a significant effect on nodule dry weight. 

Among them treatment with Bradyrhizobium alone, recorded the highest nodule dry 

weight of 1.03 g. This was also on par with the dual. inoculation of VAM and 

Bradyrhizobium. The fertilizer treatment and interaction effects had no significant 

influence on nodule dry weight.

4.7.11 VAM colonisation

The effects of different treatments on percentage of VAM colonisation are 

presented in Table 20. VAM colonisation; was maximum when it was inoculated 

along with Bradyrhizobium (76.38%) and was on par with VAM inoculation alone 

(74.84%). Among fertilizer treatments it was found that plants which received no 

fertilizers recorded maximum VAM colonisation (44.08%). Here also two other 

doses of fertilizers (N + ViP + K and N + !4P + K) were statistically on par with the 

above treatments to increase the VAM colonisation. Among the interactions, VAM 

alone without any fertilizers recorded maximum colonisation (87.96%) and was on 

par with dual inoculation without fertilizers and dual inoculation with N + %P + K.

4.7.12 VAM spore count

The spore count of VAM fungus 100 g'1 soil under different treatments 

are presented in Table 21. It was observed that the effect of inoculants and the 

interaction of inoculants with fertilizers had significant effects on the spore count. 

The spore count was maximum when VAM was inoculated alone (134.89). This 

was statistically on par with the dual inoculation of VAM and Bradyrhizobium



Table 19. Pot culture experiment - effect of microsymbionts and fertilizer levels on
dry weight of nodules of cowpea (g)

Treatments No
fertilizer

N+P+K ’/zN+P+K %N+P+K N+'/zP+K N+'AP+K Mean

No inoculants 0.81 0.94 0.83 0.71 0.81 0.86 0.83

VAM 0.88 0.85 0.83 0.86 0.85 1.05 0.89

Bradyrhizobium 0.94 1.02 1.08 1.01 1.12 0.98 1.03

VAM + Brady
rhizobium

0.89 1.03 0.92 1.01 0.87 1.24 0.99

Mean 0.88 0.96 0.92. 0.90 0.92 1.03

CD(0.01) for comparison ofinoculum 0.10
Fertilizer level NS
Inoculum x fertilizer level NS

Table 20. Pot culture experiment - effect of microsymbionts and fertilizer levels on 
YAM colonisation in cowpea (per cent)

Treatments No
fertilizer

N+P+K '/zN+P+K ViN+P+K N+VzP+K N+%P+K Mean

No inoculants 5.55 10.23 1.99 3.87 10.45 7.01 6.52

VAM 87.96 69.44 67.27 68.52 78.39 77.46 74.84

Bradyrhizobium 0.22 ■ 8.02 1.61 2.61 4.70 3.77 3.49

VAM + Brady
rhizobium

82.60 76.21 61.71 75.31 80.39 82.07 76.38

Mean 44.08 40.98 33.15 37.58 43.48 42.58

CD(0.01) for comparison of inoculum 3.61
CD(0.01) for comparison of fertilizer level 2.95
CD(0.01) for comparison of inoculum x fertilizer level 7.22
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Table 21. Pot culture experiment - effect of microsymbionts and fertilizer levels on 
YAM spore count in rhizosphere soil (per 100 g)

Treatments No N+P+K '/2N+P+K WN+Pt-K N+’/zP+K N+KP+K. Mean
fertilizer

Control 11.0 33.00 0.00 22.00 33.00 33.00 22.00

VAM 133.00 100.00 133.00 122.00 144.00 177.33 134.89

Bradyrhizobium 22.00 44.00 44.00 33.00 33.00 33.00 34.83

VAM + Brady- 144.00 144.00 155.00 111.00 99.67 155.00 134.78
rhizobium

Mean 77.50 80.25 83.00 72.00 77.42 99.58

CD(0.01) for comparison of inoculum 14.54
Fertilizer level NS
CD(0.05) for comparison of Inoculum x fertilizer level 35.58
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(134.78). However, VAM inoculation along with the application of N  + %P + K 

resulted in maximum spore count (177.33).

4.8 Nutrient content in plant and soil

4.8.1 Nitrogen content in plant

Nitrogen content in plant under different treatments are presented in the 

Table 22. It was observed that the treatment with inoculants alone had a significant 

effect on the nitrogen content of plants. The maximum nitrogen content was 

recorded in plants treated with Bradyrhizobium (3.43%) and was on par with VAM 

+ Bradyrhizobium. In control plants nitrogen content was only 2.83 per cent. 

Fertilizer levels and interaction effects were not significant. However, the 

interaction between dual microbial inoculation and !4N + P + K resulted in 

increasing the nitrogen content of the plant to 4.03 per cent.

4.8.2 Phosphorus content in plant

The effect of inoculants, different levels of fertilizers and their interactions 

were statistically significant in influencing the phosphorus content of plant (Table 

23). VAM inoculation increased the plant.phosphorus content to a maximum level 

of 0.36 per cent. This treatment was on par with dual inoculation with VAM and 

Bradyrhizobium. Among fertilizer levels, ’AN + P + K was statistically superior 

(0.37%) in producing maximum phosphorus content than treatments except 

AN+P+K and N+’AP+K. Interaction effect was also significant. Interaction of N + 

AP + K alone and VAM with AN + P + K were the better treatments.

i
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Table 22. Pot culture experiment - effect, of microsymbionts and fertilizer levels on
nitrogen content of cowpea (per cent)

Treatments No
fertilizer

N+P+K ‘/2N+P+K %N+P+K N+’/zP+K N+^P+K Mean

No inoculants 2.38 2.50 2.99 2.80 3.41 2.89 2.83

VAM 2.33 2.92 2.33 2.50 2.62 2.68 2.57

Bradyrhizobium '3.06 3.69 3.41 3.48 3.24 3.73 3.43

VAM + Brady
rhizobium

2.71 3.76 3.48 4.03 3.13 2.85 3.32

Mean 2.62 3.21 3.05 3.20 3.12 3.04

CD(0.01) for comparison of inoculum 0.34
Fertilizer level NS

. Inoculum x fertilizer level NS

Table 23. Pot culture experiment - effect of microsymbionts and fertilizer levels on 
phosphorus content o f cowpea (per cent)

Treatments No
fertilizer

N+P+K '/zN+P+K ^N+P+K N+VzP+K N+%P+K Mean

No inoculants 0.23 0.29 0.34 0.38 0.40 0.27 0.32

VAM 0.39 0.34 0.40 0.39 0.26 0.36 0.36

Bradyrhizobium 0.25 0.29 0.29 0.33 0.28 0.35 0.30

VAM + Brady
rhizobium

0.34 0.33 0.33 0.37 0.28 0.33 0.33

Mean 0.30 . 0.31 0.34 0.37 0.31 0.33

CD(0.01) for comparison of inoculum 0.03
CD(0.01) for comparison of fertilizer level 0.04
CD(0.01) for comparison of inoculum x fertilizer level 0.07
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4.8.3 Potassium content in plant

All the treatments and their interactions had significant effects on 

potassium content in plant (Table 24). Potassium content was maximum (2.48%) in 

untreated plants and was minimum (2%) in plants dually inoculated with VAM and 

Bradyrhizobium. Plants treated with %N + P + K recorded significantly the 

maximum potassium content of 2.5 per cent. Among interactions, it was seen that N 

+ %P + K without inoculants was the best recording 2.82 per cent potassium. While 

the minimum value was in the combination of VAM along with N+'/^P+K.

4.8.4 Magnesium content in plant

The effects of all treatments and their interactions were significant in 

influencing the magnesium content of the plants (Table 25). Among inoculants, the 

treatment with Bradyrhizobiim  alone recorded the maximum magnesium content 

(0.409%). It was on par with the dual inoculation. Plants which received no 

fertilizers recorded the maximum of 0.407 per cent magnesium. Among 

interactions, dual inoculation along with Si + %P 4- K fertilizer dose recorded the 

maximum magnesium content o f 0.423 per cent.

■
4.8.5 Calcium content in plant

The calcium content of plants under different treatments are presented in 

Table 26. Only the inoculants and interactions between inoculants and fertilizer 

levels showed statistical significance. Among inoculants, dual inoculation with 

VAM and Bradyrhizobium recorded the maximum calcium content of 0.92 per cent 

and was on par with VAM inoculation alone. Among the various interactions, both 

the inoculants along with N + 14P + K recorded the maximum calcium content 

(1.24%).



Table 24. Pot culture experiment - effect of microsymbionts and fertilizer levels on
potassium content o f cowpea (per cent)

Treatments No N+P+K VSN+P+K 14N+P+K N+’AP+K N+'AP+K Mean
fertilizer

No inoculants 2.28 2.40 2.62 2.42 2.32 2.82 2.48

VAM 2.15 2.65 2.68 2.40 2.20 1.73 2.30

Bradyrhizobium 1.92 2.77 2.50 2.43 2.33 2.52 2.41

VAM + Brady- 1.93 2.03 2.20 1.97 1.78 2.10 2.00
rhizobium

Mean 2.07 2.46 2.50 2.30 2.16 2.29

CD(0.01) for comparison of inoculum 0.18
CD(0.01) for comparison of fertilizer level 0.22
CD(0.05) for comparison of inoculum x fertilizer level 0.43

Table 25. Pot culture experiment - effect o f microsymbionts and fertilizer levels on 
magnesium content of cowpea (per cent)

Treatments No N+P+K 14N+P+K 'AN+P+K N+’/zP+K N+'AP+K Mean
fertilizer

No inoculants 0.393 0.393 0.379 0.393 0.364 0.393 0.386

VAM 0.397 0.396 0.397 0.403 0.385, 0.396 0.395

Bradyrhizobium 0.416 0.392 0.399 0.415 0.416 0.418 0.409

VAM+ Brady- 0.422 0.420 0.394 0.370 0.423 0.412 0.407
rhizobium

Mean 0.407 0.400 0.392 0.395 0.397 0.405

CD(0.01) for comparison of inoculum 0.01
CD(0.01) for comparison of fertilizer level 0.01
CD(0.05) for comparison of inoculum x fertilizer level 0.02
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Table 26. Pot culture experiment - effect of microsymbionts and fertilizer levels on
calcium content of cowpea (per cent)

Treatments No
fertilizer

N+P+K VSN+P+K V4N+P+K N+14P+K N+'AP+K Mean

No inoculants 0.81 0.72 0.74 0.91 0.52 0.53 0.70

VAM 0.76 0.88 0.63 0.86 0.82 0.82 0.80

Bradyrhizobium 0.73 0.78 0.56 0.59 0.53 1.10 0.71

VAM+Bracfy-
rhizobium •

0.10 0.70 0.73 0.98 *1.24 0.89 0.92

Mean 0.82 0.77 0.67 ■ 0.83 0.78 0.83

CD(0.01) for comparison of inoculum 
Fertilizer level
CD(0.01) for comparison of inoculum x fertilizer level

0.14
NS
0.28



4.8.9 Iron content in plant

The effects of different treatments in the iron content of plants are 

presented in Table 27. The results revealed that treatments with inoculants had no 

significant influence on the iron content of plants. Whereas, the application of 

different levels of fertilizers and interaction of inoculants and fertilizers had 

significant effects on the iron content. Eventhough non significant, Bradyrhizobium 

inoculation alone recorded the maximum iron content in plants (612.74 ppm). 

Fertilizer dose of V£N + P + K recorded the maximum iron content of 799.32 ppm. 

This was significantly higher than other fertilizer treatments. Among interactions, 

%N + P + K without inoculants recorded the maximum iron content (864.79 ppm).

ii
4.8.10 Zinc content in plant

Table 28 shows the results on zinc content of plants. Only the treatments 

involving inoculation with microsymbionts alone and interaction between 

microsymbionts and fertilizer doses had significant effect on zinc content in plants. 

Among the inoculants, VAM alone recorded the maximum zinc content of 26.77 

ppm in plants. VAM along with Bradyrhizobium was also on par with this. In the 

interactions, both the inoculants along with N + P + K as per Package of Practice 

Recommendations of KAU, 1993 recorded the maximum zinc content of 37.04 ppm 

in plants.

4.8.11 Manganese content in plant

The different levels of both the treatments and their interactions were 

significant in influencing the manganese content of cowpea plants (Table 29). The 

treatments with Bradyrhizobium alone showed significantly higher manganese 

content of 278.02 ppm. Dual inoculation was also statistically on par with this.
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Table 27. Pot culture experiment - effect of microsymbionts and fertilizer levels on
iron content of cowpea (ppm)

Treatments No
fertilizer

N+P+K V&N+P+K 'AN+P+K N+%P+K N+’AP+K Mean

No inoculants 475.83 796.67 471.04 864.79 387.92 661.67 609.65

VAM 612.92 469.38 609.38 692.08 439.17 352.50 529.24

Bradyrhizobium 807.50 477.92 611.25 837.08 402.50 540.21 612.74

VAM + Brady
rhizobium

539.58 491.88 493.96 803.33 817.50 416.46 593.79

Mean 608.96 558.96 546.41 799.32 511.77 492.71

Inoculum NS
CD(0.01) for comparison of fertilizer level 95.99
CD(0.01) for comparison of inoculum x fertilizer level 235.14

Table 28. Pot culture experiment - effect of microsymbionts and fertilizer levels on *
zinc content of cowpea (ppm)

Treatments No
fertilizer

N+P+K V4N+P+K ■AN+P+K N+'AP+K N+’AP+K Mean

No inoculants 20.83 15.00 21.88 27.29 9.58 26.25 20.14

VAM 31.25 33.13 22.29 27.08 28.96 17.92 26.77

Bradyrhizobium 14.38 12.50 17.50 21.08 27.10 20.56 18.85

VAM + Brady
rhizobium

24.00 37.04 26.88 20.00 26.63 23.17 26.29

Mean 22.62 24.42 22.14 23.87 23.07 21.97

CD(0.01) for comparison of inoculum 6.60
Fertilizer level NS
CD(0.05) for comparison of inoculum x fertilizer level 13.19



Table 29. Pot culture experiment - effect of microsymbionts and fertilizer levels on
manganese content o f cowpea (ppm)

Treatments No
fertilizer

N+P+K ’/2N+P+K 14N+P+K N-B4P+K N+'AP+K Mean

No inoculants 286.67 231.67 216.67 263.54 143.33 251.25 232.18

VAM 259.58 189.38 241.25 226.25 242.29 200.00 226.46

Bradyrhizobhim 340.00 282.92 237.29 328.13 217.92 261.88 278.02

VAM+Brady- .213.75 227.29 252.29 305.83 299.38 204.79 250.56
rhizobium

Mean 275.00 232.81 236.88 280.94 225.73 229.48

CD(0.01) for comparison of inoculum 35.30
CD(0.01) for comparison of fertilizer level 28.82
CD(0.01) for comparison of inoculum x fertilizer level 70.60
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Among fertilizer applications, !AN + P + K recorded the highest manganese content 

of 280.94 ppm and this was on par with no fertilizer application. Among various 

interactions, Bradyrhizobium inoculation without any fertilizer application resulted 

in the maximum manganese content in plant (340.00 ppm).

4.8.12 Copper content in plant

The results on copper content in plants are presented in Table 30. The 

various inoculants and fertilizer levels were not significant in influencing the

copper content of plants. But, their interactions were significant. Eventhough not
: *

significant, VAM inoculation alone gave the maximum copper content in plants 

(3.06 ppm). Similarly, among fertilizer levels, plants which received no fertilizers 

recorded the maximum copper content (3.39 ppm). Among interactions, the copper 

content was maximum (5.42 ppm) in VAM inoculated plants without any fertilizers 

and was on par with eight other treatment combinations.

4.8.13 Nitrogen content in soil

Table 31 shows that all treatments involving inoculants, different levels 

of fertilizers and their interactions had a significant effect on the nitrogen content of 

soil. Among the inoculants, VAM inoculation was significantly superior to other 

treatments. Among different fertilizer levels, N + P + K applied as per Package of 

Practice Recommendations of KAU, 1993 and also V6N + P + K. were similar in 

contributing to the soil nitrogen content (250 ppm). Among interactions, VAM and 

V2N + P + K was found to be the best combination giving 370 ppm of soil nitrogen

content.
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Table 30. Pot culture experiment - effect of microsymbionts and fertilizer levels on
copper content of cowpea (ppm)

Treatments No
fertilizer

N+P+K ’AN+P+K !4N+P+K n +‘/2p +k N+’AP+K Mean

No inoculants 1.46 1.88 2.08 2.92 2.08 5.00 2.57

VAM 5.42 1.88 2.08 3.54 3.75 1.67 3.06

Bradyrhizobium 3.33 2.29 1.46 4.79 1.04 2.71 2.60

VAM + Brady
rhizobium

3.33 4.38 1.88 1.46 2.56 1.04 2.43

Mean 3.39. 2.60 1.88 3.18 2.34 2.60

Inoculum NS
Fertilizer level NS
CD(0.05) for comparison of inoculum x fertilizer level 2.65

Table 31. Pot culture experiment - effect of microsymbionts and fertilizer levels on
available nitrogen content in soil (ppm)

Treatments No
fertilizer

N+P+K ]/2N+P+K y4N+P+K N+'/aP+K N+'AP+K Mean

No inoculants 80 230 240 150 160 130 170

VAM 210 330 370 280 220 240 270

Bradyrhizobium 210 200 210 280 200 200 220

VAM+Brady
rhizobium

240 250 190 220 110 270 210

Mean 190 250 250 240 170 210

CD(0.01) for comparison of inoculum 30
CD(0.01) for comparison of fertilizer level 40
CD(0.01) for comparison of inoculum x fertilizer level 80
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4.8.14 Phosphorus content in soil

The results on the phosphorus content in soil are presented in Table 32. 

Effects of inoculants, different fertilizer levels and their interactions had no 

significant effect on the phosphorus content of soil. The phosphorus content in soil 

was found to be the highest in plants inoculated with VAM alone (110 ppm). 

Interactions showed the maximum phosphorus content of 140 ppm in treatments 

VAM + V2N + P + K and Bradyrhizobium alone with no fertilizer application.

4.8.15 Potassium content in soil

The results on potassium content in soil are presented in Table 33. The 

data revealed that the effect of inoculants, different fertilizer levels and their 

interactions were significant. Among the inoculants, plants which were not 

inoculated with microsymbionts recorded the maximum content of potassium (80 

ppm). Among different fertilizer levels, treatment with V2N + P + K recorded the 

maximum content of potassium (79 ppm). Interaction effects recorded maximum
t

values for the treatments 14N+P+K, N+’AP+K, N+!4P+K, all without inoculants.

4.9 Field experiment on the efficiency of the microsymbionts on the 
uptake of nutrients under different levels of nitrogen and phosphorus

The data on the above experiment are presented in Table 34 to 41. 

Observations were recorded at 50 per cent flowering and at the time of

harvest.

4.9.1 Number of leaves

Table 34 shows that there were no significant differences among 

treatments in the number of leaves at the time of harvest, but significant differences
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Table 32. Pot culture experiment - effect of microsymbionts and fertilizer levels on 
available phosphorus content in soil (ppm)

Treatments No
fertilizer

N+P+K ■AN+P+K ■AN+P+K N+’AP+K N+vap+K Mean

No inoculants 110 110 100 100 100, ■ 90 100

VAM 110 90 140 120 90 120 110

Bradyrhizobium 140 80 130 .. 60 100 110 100

VAM+Brady-
rhizobium

90 90 70
; 1

100 100 80 90

Mean 110 90 110 90 100 100

Inoculum 
Fertilizer level 
Inoculum x fertilizer level

NS
NS;
NS

Table 33. Pot culture experiment - effect of microsymbionts and fertilizer levels on 
available potassium content in soil (ppm)

Treatments No
fertilizer

N+P+K ■AN+P+K ■AN+P+K N+’AP+K N+'AP+K Mean

No inoculants 85 43 86 88 88 88 80

VAM 72 53 83 72 64 67 68

Bradyrhizobium 49 75 73 69 63 82 69

VAM + Brady
rhizobium

75 64 75 65 56 58 65

Mean 70 59 79 74 68 74

CD(0.05) for comparison of inoculum
CD(0.05) for comparison of fertilizer level
CD(0.05) for comparison of inoculum x fertilizer level

9
12
24
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were observed at the time of 50 per cent flowering. The maximum mean number of 

leaves, (12.25) was recorded in plants treated with fertilizers as per Package of 

Practice Recommendations of KAU, 1993 at 50 per cent flowering. But at the time 

of harvest, Bradyrhizobium along with ‘AN + P + K showed .the maximum number 

of leaves (12.58). The treatment, VAM+N+V^P+K ranked second in number of 

leaves both at 50 per cent flowering and at harvest. Number of leaves were the 

lowest in control plants at 50 per cent flowering. At harvest the leaves were 

minimum in dually inoculated plants.

4.9.2 Height of plant

There were significant differences among treatments on the height of 

plants at 50 per cent flowering and also at harvest (Table 34). The maximum mean 

height of 34.83 cm was recorded in plants treated with both the inoculants along 

with a fertilizer dose of >4N + lAP + K at 50 per cent flowering. Three other 

treatments were also statistically on par with this treatment. At the lime of harvest, 

the maximum plant height was recorded by Bradyrhizobium inoculation with lAN + 

P + K (48.50 cm).

4.9.3 Length of root

The results on the length of roots are presented in Table 34. The results 

revealed that there were significant differences among treatments in the length of 

roots at 50 per cent flowering, but not at harvest. Treatment with N 4- P + K as1 per 

the Package of Practice Recommendations of KAU, 1993 recorded the maximum 

length of root (16.67 cm) at 50 per cent flowering which was on par with nine other 

treatments. At the time of harvest, dual ‘inoculation along with !4N + 14P + K 

showed the maximum length of root (31.67 cm).



Table 34. Field experiment - effect of microsymbionts and fertilizer levels on
number of leaves, plant height and root length of cowpea

Treatments No. of leaves Plant height (cm) Root length (cm)

at 50% 
flowering

at
harvest

at 50% 
flowering

at
harvest

at 50% 
flowering

at
harvest

Ti Control 6.50° 9.92“ 21.50* 34.43b 11.87b 25.92a

T2 N+P+K 12.25a 10.75s 32.58* 40.67* 16.67s 28.25a

t3 VAM 9.50^ 9.58a 22.50c 39.17* 12.67ab 26.67s

t4 VAM+N-H/zP+K 12.08* 12.00“ 29.17*° 42.17ab 16.42“ 25.92s

t5 VAM+ N+V4P+K 9 34abc 10.08“ 24.92bc 30.75b 14.67* 26.67a

t 6 Bradyrhizobium 6.67° 11.25“ 24.92c 37.50ab 13.08* 26.17“

t7 B+'/aN+P+K 10.33abc 12.58“ 26.67** 37.58ab 15.92“ 27.00“

t8 B+V4N+P+K 8.77*° 10.17“ 24.58c 48.50a 14.67ab 27.28“

t9 VAM+B 7.75b<: 8.58a 23.67 34.25b 12.58* 25.50“

Tio VAM+B+'/zN+'/aP+K 7.92abc 11.25“ 34.83a 42.58ab 15.50* 28.25“

Tn VAM+B+ViN+’AP+K 9.75** 10.58“ 28.56abc 41.67ab 15.08* 31.67“

Mean values with different superscripts differ significantly at 5% level
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4.9.4 Fresh and dry weights of plant

In the fresh weight of plant, there were significant differences among the 

treatments at 50 per cent flowering as well as at the time of harvest (Table 35). The 

maximum fresh weight of 31.67 g was recorded by dual inoculation along with V4N 

+ lAP +  K at the time of 50 per cent flowering. This was on par with seven other 

treatments. At the time of harvest also, the maximum mean fresh weight (66.17 g) 

was recorded by the same treatment. This was also statistically on par with 

inoculation of Bradyrhizobium along with a fertilizer dose of AN + P + K.

There were significant differences among treatments in the dry weight of 

plants at 50 per cent flowering and at the time of harvest. At 50 per cent flowering 

VAM along with a fertilizer dose of N + V2P + K recorded the maximum mean dry 

weight of 9.47 g. It was significantly higher than the control, inoculation with 

Bradyrhizobium alone and with dual inoculation. But at the time of harvest, dual 

inoculation with AN + V2P + K recorded the maximum mean dry weight of plant 

(18.21 g). It was statistically on par with the treatment, Bradyrhizobium with AN + 

P + K.

• r
4.9.5 Fresh and dry weights of root

Table 36 shows the data on the fresh and dry weights of roots. There were 

significant differences among the treatments in the fresh and dry weights of root at 

50 per cent flowering and at harvest. VAM + N + VzP + K recorded maximum root 

fresh weight of roots at 50 per cent flowering (1.80 g). The maximum mean fresh 

weight of root (7.19 g) at the time of harvest was recorded by the plants treated with 

Bradyrhizobium alone. This was on par with the treatments VAM + N + AP + K 

and VAM + Bradyrhizobium + 'AN + AP-+ K and was significantly superior to the 

control and other treatments.



Table 35 Field experiment - effect of microsymbionts and fertilizer levels on fresh
and dry weights of cowpea

Treatments Fresh weight of plant Dry weight of plant
(g) (g)

' at 50% 
flowering

at
harvest

at 50% 
flowering

at
harvest

Ti Control 14.75° 30.25d 3.95° 9.41°

t2 N+P+K 30.08“ 39.33°* 9.13“ 10.57°

t 3 VAM 28.83* 38.42“* 7.76* 11.35*“

t4 VAM+N+V4P+K 31.42a 35.75“* 9.47a 9.48°

t5 . VAM+N+WP+K 24.25abc 35.00“* 6.71abc 9.86°

t 6 Bradyrhizobium 18.00*° 43.42“ 5.63*“ 12.78*“

t7 B+'/aN+P+K 30.25a 47.33*“ 8.32ab 13.28*°

Tg B W + P + K 20.00a*° 55.08s*1 6.20^ 14.78s*1

t9 VAM+B 16.58° 43.83*°* 5.48*“ 12.59*“

Tio VAM'+B+ViN+l/zP+K 31.67* 66.17a 9.09a 18.21a

Tn VAM+B+^N+^P+K 22.42abc 45.25*“ 7.42sb 13.52*°

Mean values with different superscripts differ significantly at 5% level
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. Table 36. Field experiment - effect o f microsymbionts and fertilizer levels on fresh
and dry weights of roots of cowpea

Treatments Fresh weight of root Dry weight of root
(g) (g)

at 50% 
flowering

at
harvest

at 50% 
flowering

at
harvest

Ti Control 0.76b 3.00d 0.34b 1.30e

T2 N+P+K . 1.46*b 5.10° 0.73* 2.44“

t 3 VAM 1.03,b 4.96° 0.49* 1.73d®

t4 VAM+N+’/zP+K 1.80a 6.90ab 0.93a 3.65a

t5 VAM+ N+V4P+K 1.37ab 4.55c 0.71ab 1.80dc

t6 Bradyrhizobium 0.83b 7.19a 0.46* 3.16ab

t7 ' B+’/zN+P+K 1.28ab 4.88c 0.67“h 2.25“ '

Tg B+V^N+P+K 1.07ab 4.41c 0.58ab 2.05“*°

t 9 VAM+B 0.85b 5.28c 0.54* 2.20bcd£

Tio VAM+B+14N+14P+K 1 37=1, 5.60^ 0.63* 2.92*c

Tn VAM+B+%N+V£P+K 0.96b 6.82* 0.67ab 2 9 g*c

Mean values with different superscripts differ significantly at 5% level
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At 50 per cent flowering, significantly maximum dry weight of roots (0.93 

g) was recorded by plants treated with VAM + N + 'AP + K. The maximum mean 

dry weight of roots (3.65 g) at harvest was recorded by the treatment VAM + N + 

YzP + K. This was also on par with three other treatments.

4.9.6 Nodule number

There were significant differences among the treatments in the number of 

nodules at 50 per cent flowering and alk> at harvest (Table 37). The maximum 

number of nodules (17.58) was recorded by the dual inoculation with

microsymbionts along with a fertilizer dose of ’AN + lAP + K, which was
: “

significantly higher than the control. Four other treatments viz. VAM + N + ’AP + 

K, Bradyrhizobium + %N + P + K, VAM + Bradyrhizobium + 'AN + ’AP + K and 

VAM + Bradyrhizobium were also on par with the above treatment': in increasing 

the nodule number of plant. At harvest, the maximum mean number of nodules 

(29.67) was recorded by the plants treated with VAM + Bradyrhizobium along with 

a fertilizer dose of ’AN + ’AP + K and this was significantly higher than all other 

treatments.

4.9.7 Fresh and dry weightsof nodules

Table 37 shows significant differences between treatments both at 50 per 

cent flowering and at harvest on the fresh weight of nodules. The maximum mean 

fresh weight of nodules at 50 per cent flowering (395 mg) and at harvest (700 mg) 

was recorded by the plants treated with VAM + Bradyhizobium and the application 

of ’AN + V2P + K. This was significantly superior to all other treatments. At 50 per 

cent flowering the maximum mean dry weight of nodules (202 mg) was recorded by 

the treatment of dual inoculation along with ’AN + !4P + K fertilizer. This was 

significantly superior to other treatments except two. The maximum mean dry
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Table 37. Field experiment - effect of microsymbionts and fertilizer levels on
nodule number, fresh and dry weights of nodules of cowpea

Treatments Nodule number Fresh weight of 
nodules (mg)

Dry weight of 
nodules (mg)

at 50% 
flowering

at
harvest

at 50% 
flowering

at
harvest

at 50% 
flowering

at
harvest

Ti Control 2.008 4.17e 284f 274b II Id 147c

t2 N+P+K 4.25ft 8.92cde 292rf 362b 113d 214*

t3 VAM 6.50^ 13.08s 299def 440b 143™ 248‘b

t4 VAM +N+14P+K 16,08ab 10.92“' 304“*' 418b 118“* 213*

t5 VAM + N+ViP+K 7.25dcf 5.83d' 289rf 388b 112d 225b

t 6 Bradyrhizobium 12.17bcd 10.58^ 302'dcf 348b 112d 208*

t7 B+’/zN+P+K 10.42cdc 9.92s*1 295'f 353b 119“* 192*

Tg B+ViN+P+K 14.67** 9.92“* 320bc 420b 101d 212*

t 9 VAM +B 13.25alc 18.75b 315s*1 413b 174abc 225*

Tio VAM +B+'̂ N+'AP+K 17.58a 29.67a 395a 700a 184ab 318a

Tn VAM +B+I/4N+1/4P+K 14.08abc 21.58b 335b 423b 202a 251ab

Mean values with different superscripts differ significantly at 5% level
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weight of nodules (318 mg) at the time of harvest was recorded by the treatment 

VAM + J3radyrhizobium + V2N + V2P T K, and was on par with the treatments, VAM 

+ Bradyrhizobium + !4N + lAP + K. and VAM alone.

•• 1

4.9.8 VAM colonisation

The. statistical analysis on percentage of VAM colonisation recorded 

significant difference among treatments (Table 38). The maximum VAM 

colonisation of 76.96 per cent was recorded by the plants treated with VAM alone. 

This was statistically on par with five other treatments involving VAM inoculation

4.9.9 VAM spore count

The results are presented in Table 38. There were significant differences 

among the treatments in the VAM spore count. The plants treated with VAM + N + 

lAP + K recorded the maximum spore count of 688.67. This was on par with the 

dual inoculation of VAM and Bradyrhizobium along with !4N + lAP + K. The 

control recorded the minimum spore count (110.67).

4.9.10 Yield

There were significant differences among the treatments in the yield of 

cowpea plants (Table 38). The maximum yield (550.33 g) was obtained from plants 

treated with Bradyrhizobium along with a fertilizer dose of V2N + P + K. This was 

significantly higher than the control and the treatments, VAM + Bradyrhizobium 

and Bradyrhizobium alone.



Table 38. Field experiment - effect of microsymbionts and fertilizer levels on 
percentage of colonisation, spore count o f VAM and yield o f cowpea

Treatments VAM infection 
(%)

Spore count of
VAM/100 g soil

Yield
(g/plot)

Ti Control 6 .i r 110.67e 108.33d

T2 N+P+K 21.91bc 166.33e 382.67**

t3 VAM 76.96* 466.33cd 434.00**

t4 VAM+N+VSP+K ■ 66.97s 366.33d 491.67ab

t5 VAM+ N+V4P+K 68.82a 688.67a 371.67^

t6 Bradyrhizobium 27.46*“ 121.67s 271.67“*

t7 B+14N+P+K 27.46^ 166.33c 550.33a

t8 B+ViN+P+K 29.62*’ 155.33e 404.33“*“

t 9 VAM+B 59.2r 421.67“* 317.67*“

Tio VAM+B+y^-B^+K 70.05a • 522.07*“ 419.67“*“

Tn VAM+B+HN-H4P+K 70.06a 611.00“b 398.67"*

Mean values with different superscripts differ significantly at 5%  level
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4.10 Nutrient content in plant and soil

4.10.1 Nitrogen content in plant

The data on the nitrogen content of plant is presented in Table 39. There 

were significant differences among treatments on the nitrogen content of plant. The 

maximum nitrogen content (5.18%) was recorded by the treatment Bradyrhizobium 

with %N + P + K. This was significantly superior to all other treatments except the 

treatment with fertilizer dose as per Package of Practice Recommendations of K.AU, 

1993.

4.10.2 Phosphorus content in plant

Analysis on the phosphorus content in plant showed significant difference 

among the treatments (Table 39). The maximum phosphorus content (0.46%) was 

showed by plants treated with Bradyrhizobium along with V4N 4* P + K. This was 

significantly higher than the control. But this was on par with five other treatments 

also.

4.10.3 Potassium content in plant

Table 39 shows that there were significant differences among treatments 

on potassium content of plants. Treatment with dual inoculation of VAM and 

Bradyrhizobium along with a fertilizer dose of %N 4- 14P + K recorded the 

maximum potassium content of 3.52 per cent. This was significantly higher than the 

control. Six other treatments were also on par with the above treatment.

4.10.4 Calcium content in plant
i

There were significant differences among the treatments in calcium 

content in plants. Plants inoculated with VAM alone recorded the maximum mean

i
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Table 39. Field experiment - effect of microsymbionts and fertilizer levels on 
nitrogen, phosphorus and potassium content of cowpea (per cent)

Treatments Nitrogen Phosphorus Potassium

Ti Control 3.17* 0.26° 2.92b

t2 N+P+K 4.67* 0.38* 3.12*

t3 VAM 3.57* 0.41* 3.13*

t4 VAM+N+'/P+K 3.13* 0.23c 2.83b

t5 VAM+N+V4P+K 3.55“* 0.26c 3.48a

t6 Bradyrhizobium 3.90** 0.40a 3.08*

t7 B+V2N+P+K 2.78d 0.29*° 1.63c

t8 B+^N+P+K 5.18a 0.46a 3.00ab

t9 VAM+B 3.48* 0.37* 3.13*

Tio VAM+B+V2N+V2P+K 3.91bc 0.45a 3.52a

Til VAM+B+V^N+ViP+K 4.15bc 0.29^ 3.08*

Mean values with different superscripts differ significantly at 5% level



4.10.5 Magnesium content in plant

There were significant differences among the various treatments (Table 

40) in magnesium content of the plant. The maximum magnesium content of 0.42 

per cent was recorded by the plants in treatments dually inoculated with VAM and 

Bradyrhizobium along with a fertilizer dose of V4N + V2P + K and !4N + XAP + K. 

All other treatments except VAM alone, Bradyrhizobium alone and Bradyrhizobium 

+ VSN 4* P + K were on par with the above, treatment.

4.10.6 Copper content in plant

Copper content of the plants was not significantly affected by the various 

treatments (Table 40). However, the maximum copper content of 25 ppm was 

recorded by the plants dually inoculated with VAM and Bradyrhizobium.

1
4.10.7 Iron content in plant

Different treatments showed significant differences in the iron content of 

plants (Table 40). The maximum iron content of 0.15 per cent was showed by the 

plants treated with Bradyrhizobium alone. Five other treatments were also on par 

with this. In control plants also iron content was 0.14 per cent.

4.10.8 Zinc content in plant

Table 40 revealed significant differences among the treatments in zinc 

content of cowpea plants. Plants treated with VAM and Bradyrhizobium along with

calcium content of 0.59 per cent (Table 40). This was significantly superior to all

other treatments except VAM + N + lA P  + K.
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Table 40. Field experiment - effect of microsymbionts and fertilizer levels on
micronutrients of cowpea

Treatments Ca
(%)

Mg
(%)

Cu
(ppm)

Fe
(%)

Zn
(ppm)

Mn
(ppm)

Ti Control 0.39M 0.40b 12.29s 0.14b 39.04bcd 426.88bc

t2 N+P+K 0.33* 0.40b 8.96a 0.07b 37.31^ 513.96*b

t3 VAM 0.59“ 0.38d 14.17“ 0.13c 46.04ab 429.38*

t4 VAM+N+HP+K 0.48ab 0.39c 22.71“ 0.13d 40.83bcd400.63c

t5 VAM+N+/4P+K 0.451* 0.40b 20.42“ 0.08s 43.33* 384.79c

t6 Bradyrhizobium 0.29d 0.37* 17.92“ 0.15“ 50.00“* 527.50“

t7 B+V4N+P4-K 0.3 i d 0.38d 7.50“ 0.13d 26.46d 411.04*

Tg B+%N+P+K 037bcd 0.40bc 19.17“ 0.11e 38.13bcd536.25“

t 9 VAM+B 0.34“* 0.40** 25.00“ 0.11c 42.13bc 441.67“̂

Tio VAM+B+^zN+’/sP+K 0.40^ 0.42a 10.83“ 0.13d 58.33“ 451.04“*'

Tn VAM+B+J4N-H4P+K 0.39^ 0.42a 11.85“ 0.10f 30.46^ 384.3 8C

Mean values with different superscripts differ significantly at 5% level

I



a fertilizer dose of V£N + */2P + K recorded the maximum zinc content (58.33 ppm). 

This was on par with the treatments, VAM alone and Bradyrhizobium alone. The 

above treatments were significantly higher than the control and all other treatments 

in increasing the zinc content of cowpea. •

4.10.9 Manganese content in plant

There were significant differences among the treatments in influencing 

the manganese content of plant (Table 40). Plants treated with Bradyrhizobium 

along with !4N + P + K recorded the maximum mean manganese content 

(536.25 ppm). This was on par with ‘ the treatments, Bradyrhizobium alone,

■ application of N + P + K as per Package of Practice Recommendations of KAU,

1993 and VAM + Bradyrhizobium along with a fertilizer dose of V2N + Z2P + K. All
* \

other treatments were significantly lower than the above treatment.

4.10.10 Nitrogen content in soil |

There were no significant differences among the treatments in nitrogen 

content of soil (Table 41). Thus, the inoculation of VAM, Bradyrhizobium and their 

combinations with different levels of fertilizers had no significant effect on the 

nitrogen content in soil.

4.10.11 Phosphorus content in soil

Significant differences were not found among the treatments in the 

phosphorus content in soil. All treatments-were on par with each other (Table 41). 

Thus the soil inoculation of VAM, Bradyrhizobium and their combination with 

different levels of fertilizers had no effect on the phosphorus content in soil.
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Table 41. Field experiment - effect of microsymbionts and fertilizer levels on 
available nitrogen, phosphorus and potassium content in soil (ppm)

Treatments Nitrogen Phosphorus Potassium

Ti Control 280“ 4.3“ 38*

t2 N+P+K 200* 5.3* 31*

t3 VAM 270* 8.3* 44*

t4 VAM+N+'AP+K 250a 6.3a 37a

t5 VAM+N+14P+K 190a 4.1a 36a

t6 Bradyrhizobium 270a 4.5a . 50a

t7 B+V2N+P+K 230a 4 .r 38a

t8 B+‘/4N+P+K 250a 4.5a 37a

t 9 VAM+B 220a 5.0a 33a

Tio VAM+B+^N+'/iP+K 230a 4.8a 42a

Tn VAM+B+’/aN+'AP+K 240a 7.5a 32a

Mean values with different superscripts differ significantly at 5% level



95

4.10.12 Potassium content in soil

There were no significant differences among the treatments in potassium 

content in soil. All treatments including control were on par with each other (Table 

41). Thus, the soil inoculation of VAM, Bradyrhizobium and their combination with 

different levels of fertilizers had no significant effect on potassium content in soil.

4.11 Correlation studies

Correlation of nodule number, nodule fresh weight, nodule dry weight 

and per cent VAM colonisation with other growth parameters were statistically 

analysed and the results are presented here.

4.11.1 Correlation between nodulation and VAM colonisation .

Correlation coefficients between different nodulation parameters and 

VAM colonisation per cent are given in Table 42. The table shows that nodule 

number had significant positive correlation with the nodule fresh and dry weights 

and also with the percentage of VAM colonisation. Nodule fresh weight was having 

significant correlation with nodule dry weight and VAM colonisation per cent. 

Nodule dry weight was also having a significant positive correlation with 

percentage of VAM colonisation. The significant finding was that all the nodulation 

parameters viz., nodule number, fresh and dry weights of nodules had significant 

positive correlation with the percentage of VAM colonisation.

i
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Table 42. Correlation between nodulation and percentage of VAM colonisation
(correlation coefficient)

Nodule No. Nodule fresh 
weight

Nodule dry 
weight

VAM 
colonisat
ion (%)

Nodule No. 1.00 0.69** 0.38** 0.42*

Nodule fresh weight - 1.00 0.63** 0.37*

Nodule dry weight - - 1.00 0.42*

VAM colonisation (%) -

i

- LOO
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4.11.2 Correlation of plant growth parameters with Modulation and 
percentage of VAM colonisation

The correlation coefficients of different growth parameters of the plant 

with nodulation and VAM colonisation per cent are given in Table 43. The results 

showed that nodule number had significant positive correlation only with the plant 

dry weight and yield. All other parameters could not be correlated with the nodule 

number. Another finding was that potassium content of the plant correlated 

negatively with the nodule number, however, this was not significant. Percentage of 

VAM colonisation was found to have no significant correlation with any of the plant 

growth parameters, NPK content of the plant and the yield. More over, it was found 

that nitrogen content of the plant was having a negative correlation with percentage 

of VAM colonisation, eventhough this was riot significant.

4.11.3 Correlation between percentage of VAM colonisation and 
micronutrient status of the plant

The correlation coefficient on the above aspect are given in Table 44. 

Only two micronutrients, viz. calcium and manganese showed statistically 

significant correlation. Calcium showed a significant positive correlation (0.48) 

while manganese showed a significant negative correlation (-0.36) with percentage 

of VAM colonisation. Fe content o f the plant was also negatively correlated (-0.12) 

with VAM colonisation per cent. There was no significant correlation between 

percentage of VAM colonisation and other micronutrient status also in the plant.

i

i
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Table 43. Correlation between plant growth parameters with nodulation and 
percentage of VAM colonisation (correlation coefficient)

Nodule number VAM colonisation (%)

Plant height 0.32ns 0.17NS

Root length 0.14NS 0.07NS

Plant fresh weight 0.23NS 0.25NS

Root fresh weight 0.1 8ns 0.12NS

Plant dry weight 0.38* 0.32NS

Root dry weight O .O ^ 0.17NS

N content 0.07NS (-)0.07ns

P content 0.18NS 0.01NS

K content (-)0.03NS 0.32NS

Yield 0.36* 0.33NS

Table 44. Correlation between percentage of VAM colonisation and micronutrient
status of plant (correlation coefficient)

Micronutrients VAM colonisation (%)

Ca 0.48**

Mg 0.22 NS

Fe (-)0.12NS

Zn 0.22 NS

Cii 0.16NS

Mil (-)0.36*



Discussion
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5. DISCUSSION

VA mycorrhizal association with roots of higher plants is a rule rather 

than an exception. Thus this type of fungal association is found in a wide variety of 

soils and crop plants in our ecosystem. The effect of VA mycorrhiza in enhancing 

the growth and performance of the plants and its effects in combination with 

Bradyrhizobium has been demonstrated by many workers (Bagyaraj el a l 1979; 

Sivaprasad and Rai, 1991 and Thakur and Panwar, 1995). The effect of 

Bradyrhizobium in fixing atmospheric nitrogen in symbiotic association with 

leguminous plants is also well established (Vincent, 1970).

5.1 Natural occurrence of VAM in cowpea

As a preliminary investigation, a survey was conducted to study the 

natural incidence of VA mycorrhiza in cowpea. The results of the survey revealed a 

fairly good VAM colonisation in all the plant samples collected from the five 

locations. Always, the colonisation in the lateral roots was found to be higher than 

tap roots except in farmer’s field at Nadathara.

There was differences in percentage of VAM colonisation among the 

survey locations. Maximum colonisation was found in plants from farmer’s field at 

Nadathara. Plants from BRS, Kannara recorded the lowest colonisation. 

Differences in the soil type and microclimatic conditions might have attributed to 

the variations in VAM colonisation among different locations.

i
In all the five locations, colonisation was found to be more during the 

rainy season (Fig.l). Eventhough there was variations in percentage of VAM 

colonisation between seasons, these variations were meagre. This indicates that

i
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VAM colonisation percentage is more or less static in the locations surveyed. This 

may be due to the higher moisture percentage in Kerala soils. Because of the high 

moisture level, the percentage of VAM colonisation remained more or less static 

during summer and rainy season. Frequent irrigation at the locations of survey also 

might have helped in maintaining a static VAM colonisation percentage both at 

summer and rainy seasons. Singh et al. (1992) reported maximum VAM root 

colonisation in June in kinnow and rough lemon seedlings. But Mago and Mukeiji 

(1994) reported high VAM colonisation in summer.

5.1.1 Spore count of VAM

Spore count was also found to be less at BRS, Kannara compared to other 

locations. There seems to have a direct relation between the spore count and 

colonisation percentage. Spore count was more in rainy season in three locations, 

equal and less in each of the other two locations compared to summer season 

(Fig.2). The high moisture level of the soil during rainy season might have favoured 

the growth and sporulation of the VAM fungi. Farmer's field at Nadathara recorded 

the highest spore count of 87 in both summer and rainy seasons. Bhaskaran and 

Selvaraj (1997) recorded high spore count of VAM during summer season in ten 

major plant species infected with Glomus aggregatum and Sclerocystis pakistanica.

5.2 Identification of inoculants

i •
The morphological characters o f the VAM spores studied, viz. size, 

shape, colour, surface texture and mode of hyphal attachment were in conformity 

with those described for Glomits (Trappe, 1982). The spores were therefore 

identified as Glomus sp.



Fig-1-VA mycorrhizal colonisation of cowpea roots at 
survey locations

^  Laterial root -  rainy 

** Lateral root -  summer 
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Fig.2. VA mycorrhizal spore count in the soils at the 
survey locations
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L4-Farmers field at Moorkanikkara 
L5-Farmers field at Nadathara
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5.3 Screening of VA mycorrhiza for efficiency in cowpea
i •

Screening trial showed that the effect o f VAM was mainly on fresh 

weight o f roots since it was significant even at one per cent level. Also the
i

efficiency of VAM varies as that can be seen in different values for the treatments in 

fresh weight. There were inefficient VA mycorrhizal fungus also like Ti (isolate 

from BRS, Kannara), which showed fresh weight of root 1.16 g, which was even 

lesser than control. At the same time, it showed an colonisation percentage of 60.0. 

Similarly isolate Tg (Glomusfasciculatum  from U.A.S., Bangalore), the colonisation 

percentage was 32.67, while the fresh weight of root was 2.87 g. This also showed 

that per cent colonisation do not always relate with its efficiency. Only fresh weight 

of roots and percentage of VAM colonisation showed significant differences. Other 

parameters were not proportional with VAM colonisation per cent. Rajapakse and 

Miller (1987) also reported similar differential effects of VAM in cowpea. They 

reported increased shoot dry weight and plant height but decreased root length due 

to inoculation with Glomus mosseae or Glomus fasciculatum  in cowpea. Thus in the 

selection of a suitable VAM, colonisation percentage alone cannot be taken as the 

criteria for efficiency of VAM.

However, there were significant differences between control plants and 

treatments in increasing VAM colonisation per cent. T3 (isolate from farmer’s field, 

Nadathara) was having higher percentage of VAM colonisation and fresh weight of 

root and ranked second in dry weight of plant and number of leaves. This isolate 

was therefore selected for further studies. This type of inconsistent performance in 

increasing all the growth parameters is common. Costa and Paulino in 1990 stated

B radyrh izob ium  was also purified and characterized as described by

Vincent (1970). So the authenticity of both the organisms were confirmed.
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that the most efficient VAM fungi varied with the parameters measured. Similar 

selection based on percentage of VAM colonisation was done by Devi and 

Sitaramaiah (1991). They selected Glomus consirictum as the best VAM fungus in 

black gram, since it showed the maximum colonisation (89.1%). At the same time 

another culture, Glomus fasciculatum  recorded the maximum root dry weight and
i

Glomus epigaeum recorded the maximum shoot dry weight in black gram.

5.4 Infection pattern of VA mycorr^iiza and Bradyrhizobium  in cowpea 
plants

5.4.1 Infection pattern of Bradyrhizobium

i
Observations on nodulation pattern showed the presence of nodules on 

ten days after sowing. Dual inoculation showed more nodulation than 

Bradyrhizobium alone at the beginning and gradually it changed and from 30th day 

onwards dual inoculation showed more nodulation than Bradyrhizobium alone. On 

60th day the nodulation was found more or less same for dual inoculation and 

Bradyrhizobium alone (Fig.3). Between 50th and 60th day dual inoculation had 

more number of nodules. In both cases, maximum number o f nodulation was at 40th 

day.

The results showed that the nodulation pattern had a direct bearing with 

the growth stages of the plant. As the plant grows, the nodulation is also found to 

increase, reaching a peak at 50 per cent flowering stage of the plant. This showed 

that the vegetative phases of the plant influence positively the development of 

nodules. After 50 per cent flowering stage, when the photosynthates starts to 

accumulate in the pods, the nodulation was also found to decrease, probably due to 

the decreased supply of carbohydrate to the nodules.
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Dual inoculation was found to have a synergistic effect on nodulation 

(Fig.3). VAM might have played a role in supplying more nutrients to the root 

system so as to influence the nodulation. Many workers support this finding that 

dual inoculation increase nodulation (Bagyaraj ei al., 1979; Sivaprasad and Rai, 

1991). But Singh (1994) could not prove the superiority of dual inoculation with 

Bradyrhizobium japonicum and Glomus fasciculatum in increasing nodulation or 

any of the plant growth parameters in soybean.

5.4.2 Infection pattern of VAM

VAM infection pattern was also almost similar to that of nodulation 

pattern. Infection started at 10th.day reaching a peak at 40th day and gradually 

decreased till 60th day after sowing. From 30th day onwards dual inoculation was 

superior to VAM alone (Fig.4).

The Infection trend was found- similar to nodulation trend. For both 

nodulation and for VAM infection, dual inoculation was found good. So it can be 

presumed that Bradyrhizobium and VAM do have a synergistic effect when 

inoculated in cowpea. This forms an efficient tripartite association. Many other 

workers also endorsed this view. Increased nodulation and growth parameters were 

reported by Pillai (1989) in subabul, Ramaraj ei al. (1990) in cowpea, Thakur and

Panwar (1995) in mung bean and Das ei al} (1997) in green gram.
!

Unlike in. nodulation, VAM infection was found to have a lag phase 

between 10th and 20th day before reaching the maximum colonisation. Similar lag 

phase for native strain was earlier reported by Hao ei al. (1991) in mung bean.



Fig.3. Nodulation pattern of cowpea as influenced by the
microsymbionts

■B1M0
■ B1M 1

Fig.4. VAM colonisation pattern of cowpea as influenced 
by the microsymbionts
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5.5 Anatomic&l studies of nodulation and VAM colonisation

Root sections showed the presence of vesicles only in the root cortex. 

Stele portion was comparatively free of colonisation. Schmid and Oberwinkler 

(1995) reported the presence of arbuscules in young part of stele portion of root.

Photomicrographs showed highly .branched hyphae which occupy much 

of primary cortex and both H and V shaped branches were also seen. This showed a 

fairly good colonisation of the root. In most of the vesicles, oil globules were clearly 

seen which is characteristic of Glomus sp. 1

The roots of cowpea plants were found to get colonised by VAM at 10 

days after inoculation. During this early growth stage, the fungus formed arbuscules 

in the roots and later observations showed that arbuscules were absent and vesicles 

were found to form. Schmid and Oberwinkler (1995) also recorded similar 

observations, where they found arbuscule- formation in roots of less than two 

millimeter thickness. As the thickness of the roots increased, arbuscule formation 

was reduced and vesicle formation increased. These two observations are indicative 

of a possibility that the physiology of a young root may be condusive for the 

development of arbuscules. As' the roots grow further and the thickness increases, 

the physiology of the root might have favoured the vesicle formation. Nodule tissues 

also showed the presence of mycorrhizal fungus. Baird and Caruso (1994) recorded 

mycorrhizal hyphae and vesicles, in the nodule tissues of plants at five weeks of 

inoculation. VAM do not seem to differentiate between the root tissues and nodule 

tissues.

The Electron microscope photomicrographs showed more details about 

the attachment and spread of the hypha on the root surface. The hyphal growth 

was seen running along the root surface for some distance before penetrating
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the root. In some other cases the hypha was found .to penetrate almost 

perpendicularly into the root. Thus two types of hyphal penetration were found to 

occur in the roots. Bevage and Bowen (1975) found similar growth of mycorrhizal 

fungi in clover and onion where spreading of the fungus both along the surface of 

the root and within its tissues occurred in all VA mycorrhiza but the extent of the 

two processes vary according to the host as well as fungal species. The; EM 

photomicrographs revealed the structure of vesicles formed in the root tissues. The 

vesicles were attached terminally on the . hypha. Eventhough the vesicle surface 

appeared smooth under light microscope, the electron microscope showed the 

presence of some adhering material on its surface. EM also revealed the structure of 

arbuscules. Arbuscules were highly branched. The branches were short, twisted and 

the tips were slightly bulged. Similar arbuscular structures were recorded by Kinden 

and Brown (1975).

Electron microscopic study also revealed the surface features of nodules. 

Unlike that in root surface, the nodule surface was comparatively free of VAM 

hypha. The inner tissues revealed hyphal presence. Thus direct penetration of 

nodule tissue by VAM fungus was of less occurrence.

5.6 Pot culture experiment on the effect of microsymbionts and fertilizer
levels

5.6.1 Biometric characters

An overall analysis of the influence of the microsymbionts on the 

biometric characters of the cowpea plants (Table 10 to 19) showed the beneficial 

effect of dual inoculation with VAM and Bradyrhizobium in placing five biometric 

characters, viz. number of leaves (10.81), fresh weight of plant (22.0 g), dry weight 

of plant (8.29 g), number of nodules (110.61) and fresh weight of nodules (2.04 g)
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to the top. For these characters individual inoculation was not found to be much 

beneficial. Bradyrhizobium inoculation alone was beneficial only in producing top 

ranks for height of plant (27.72 cm), root length (26.61 cm) and dry weight of
i

nodules (1.03 g). VAM inoculation alone proved its efficiency in getting maximum 

values for fresh and dry weights of roots (2.99 g and 1.55 g respectively).

The results clearly revealed the superiority of dual inoculation over 

individual inoculation. Such results were endorsed by many workers. Sivaprasad 

and Rai (1991) reported 178 per cent increased nodulation in pigeon pea by the 

inoculation with Glomus fascicidatum and Rhizobiam. Das et al. (1997) also 

reported increased shoot and root length and nodule number in green gram dually 

inoculated with VAM and Rhizobiam. The control plants were always inferior to the 

plants inoculated with either a single microsymbiont or both. Thus it is proved that 

inoculation of either Bradyrhizobium or VAM was always better than uninoculated 

plants and dual inoculation was the best to increase the number of leaves, fresh and 

dry weights of the plant and number and fresh weight of nodules.

Fertilizer levels also showed variations in its effects on cowpea. 

Significant differences were seen only in the case o f dry weight of plant, fresh and 

dry weights of roots and fresh weight of nodules. Generally, the results showed that 

application of full dose of NPK fertilizers did not give the maximum values for any 

of the biometric characters of the plant. Half of the recommended dose of nitrogen 

and full phosphorus and potassium QA N + P + K) recorded the maximum fresh 

weight of plant (19.50 g) and dry weight of roots (1.54 g). But when 

nitrogen was further reduced to quarter of the recommended dose, the fresh 

weight of roots showed maximum value (2.68 g). When the phosphorus level was 

reduced to half (N + Vz P + K), number of leaves (10.17), height of plant 

(27.21 cm), and dry weight of plant (7.68 g) were found to increase. When the
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phosphorus level. was further reduced to quarter dose (N + J4 P + K), four 

characters, viz. root length (25.75 cm), nodule number (78.50), fresh weight of 

nodules (1.85 g) and dry weight of nodules (1.03 g) were having the maximum 

values. Thus from the above observations, it becomes clear that a judicious 

combination of fertilizer'must be the N + J4&.P + K 'for enhanqin^ the values of 

atleast four of the biometric characters.

Interaction effects showed that in microbial fertilizer interactions, where 

VAM is a partner, all the biometric characters except root length recorded the 

maximum value. It was observed that the presence of Bradyrhizobium in the system 

improved only the number of leaves (13.00), nodule number (135.00) and dry 

weight of nodules (1.24 g) and that too'was along with VAM. Bradyrhizobium 

alone, without any fertilizer application increased only the root length (29.0 cm) of 

cowpea plants to the maximum. Thus, the influence of VAM was found to be much 

more compared to Bradyrhizobium in improving the biometric characters. The 

reason of such an enhanced performance of VAM could be attributed to the 

multifaceted activities of VAM. Increase in the absorption of phosphorus and 

micronutrients by VAM were already reported by many workers (Elwan, 1993; 

Eranna and Parama, 1994 and Medeiros el al.t 1995). The enhanced performance of 

VAM may be due to the increased supply of growth hormones including auxins, 

gibberellins, cytokinins etc. Stimulation of growth hormone production by 

endomycorrhizal fungi in sweet gum roots resulted in striking growth differences in 

this species (Marks and Kozlowski, 1973 and Barea and Azcon-Aguilian, 1982). 

The effect of Bradyrhizobium was only limited in nitrogen nutrition of the plant. So 

VAM should be the important partner in the dual inoculation system.

Among the interactions of fertilizers and microsymbionts, all the 

biometric characters except the fresh weight of plants did not show any significance

i

i
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between the treatments. Full dose of nitrogen could increase the values of seven 

characters out of ten to the maximum. They were the number of leaves (13.00), 

plant height (30.83 cm), dry weight of plant (9.0 g), dry weight of root (1.83 g), 

nodule number (135.0), fresh weight of nodule (2.41 g) and dry weight of nodule 

(1-24 g).

Among the doses of phosphorus, six characters out of ten were found to 

be the maximum at the quarter level of recommended dose. Thus the phosphorus 

level could be reduced to a quarter as against the Package of Practice 

Recommendations of KAU, 1993. This trend of low requirement of phosphorus 

fertilizer in asystem where VAM is a partner could be easily explained based on the 

well proven ability of VAM in increasing the absorption of phosphorus by plants 

(Powell, 1981; Rajapakse, 1987; Isobe e( al., 1993 and Eranna and Parama, 1994). 

Considering all the above results it could reasonably assume that in the dual 

inoculation system, VAM plays a major role than Bradyrhizobium and the full dose 

of nitrogen as per Package of Practice Recommendations of KAU, 1993 and quarter 

dose of phosphorus along with Bradyrhizobium and VAM would be an efficient 

symbiotic system in cowpea.

5.6.2 Nutrient status and colonisation by VAM

A perusal of Tables 22 to 30 revealed that in general inoculation of the 

microsymbionts either alone or in combination was effective in improving the 

nutrient status of the plant when compared to control, except in the case of 

potassium. Another inference is that individual application of VAM and 

Bradyrhizobium was better than combined inoculation. VAM inoculation alone 

produced maximum values for phosphorus (0.36%), zinc (26.77 ppm) and copper 

(3.06 ppm), whereas Bradyrhizobium inoculation alone improved the content of
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nitrogen (3.43%), magnesium (0.409%), iron (612.74 ppm) and manganese (278.02 

ppm) to the maximum. Dual inoculation was found to improve the calcium content 

(0.92%) alone to the maximum. There was about 31.4 per cent increase in calcium 

content in dually inoculated plants compared to control plants. Pai et al. (1994) 

reported high level of calcium in cowpea plants inoculated with Glomus 

fasciculatum. '

Eventhough dual inoculation increased only calcium content of the plant, 

while considering the second rank also, thê  dual inoculation was found to improve 

the level of six nutrients, viz. nitrogen (3.32%), phosphorus (0.33%), magnesium 

(0,407%), calcium (0.92%), zinc (26.20 ppm) and manganese (250.56 ppm) 

proving the efficiency of this treatment. Superiority of dual inoculation in improving 

the various nutrients of plants have been well established. Sivaprasad et al. (1983) 

reported increased phosphorus uptake in Leucaena after the combined inoculation 

with VAM and Rhizobium. Smolin and Shabaev (1992) reported improved uptake 

of major and trace elements in soybean dually inoculated with Rhizobium and 

VAM. Thyagarajan et al. (1992) recorded increased shoot nitrogen and phosphorus 

in cowpea inoculated with Rhizobium and VAM fungi. Kumutha and 

Santhanakrishnan (1994) reported that dual inoculation with VAM and 

Bradyrhizobium in soybean doubled the nitrogen fixation compared with Rhizobium 

alone. A similar increased absorption by dual inoculation was not found in the case 

of potassium. In fact, dual inoculation decreased the potassium content.

The effect of a particular combination of fertilizer dose was not sufficient 

to improve the status of all the nutrients of the plant (Table 22 to 30). It was found 

that full dose N+P+K as per Package of Practice Recommendations of KAU, 1993 

was required to improve the nitrogen (3.21%) and zinc (24.42 ppm) content to the 

maximum. Similarly quarter dose'of nitrogen along with full dose of phosphorus
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was found effective in getting maximum value for phosphorus content (3.20%) of 

the plant. Considering the overall performance, the fertilizer dose of J^N  + P + K 

was found the best in increasing the level of phosphorus (3.20%), calcium (0.83%), 

iron (799.32 ppm) and manganese (280.94 ppm). Magnesium and copper contents 

were maximum in control plants. The natural balance among the various nutrients in 

the plant system may be the reason for getting various values for different 

treatments.

The effect of interactions between the nutrients and symbionts were found 

similar to the biometric observations. Interactions involving VAM inoculation were
i

found to improve the values of nutrients, viz. nitrogen (4.03%), phosphorus 

(0.40%), magnesium (0.423%), calcium (1.24%), zinc (37.04 ppm) and copper 

(5.42 ppm). But Bradyrhizobium was found to influence the values of only four 

nutrients to the maximum. Thus here also treatment combinations involving VAM 

are highlighted. The effect of different fertilizer doses along with the symbionts 

were not consistent. It was found that only .quarter dose of nitrogenous fertilizer was 

necessary, when applied with the inoculation of both the microsymbionts to get 

maximum nitrogen content (4.03%) in plant. At quarter level of nitrogenous 

fertilizer, the plants inoculated with both microsymbionts showed 15.80 per cent 

increase in nitrogen content as compared to plants inoculated with Bradyrhyzobium 

alone. The efficiency of dual inoculation with VAM and Rhizobium in increasing 

the nitrogen content of plant was reported by several workers. Sivaprasad and Rai 

(1991) reported 185 per cent increase in nitrogenase activity in pigeon pea 

inoculated with Glomus fasciculatum and Rhizobium compared to inoculation with 

Rhizobium sp. alone. Khan et al. ( 1995) noted that groundnut plants inoculated with 

Glomus sp. and Bradyrhizobium sp. derived 75 per cent nitrogen from fixation, 

whereas plants inoculated with Bradyrhizobium alone derived 68 per cent nitrogen 

only. So by recommending the quarter dose of N as urea along with both the
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microsymbionts, we could save 15 kg N h a 1. When ammonium was the nitrogen 

source, mycorrhizal plants seem to enhance nitrogen uptake (Read and Stribley, 

1973). Increase in glutamate synthetase (GS) activity by VAM colonisation has 

shown that VA mycorrhizal fungi are able to assimilate ammonia, via. GS (Smith et 

al., 1985). This ability would be important in stress conditions. Carling et al. (1978) 

reported that various VAM fungi have been found to contain higher values of nitrate 

reductase enzyme which is essential for the assimilation of nitrates. The effect of 

VAM as nitrate reductase are largely indirect and mediated through improved 

phosphorus nutrition.

Another observation was that interaction of VAM with Vi N + P + K and 

N + Vi P + K. without any inoculants yielded maximum values for the phosphorus 

content (0.40%) of the plant. But it was on par with many other treatments including 

VAM alone, VAM+’/iN+P+K, VAM+N+J^P+K and all the treatment combinations 

having VAM + Bradyrhizobium with fertilizer levels except N+V6P+K. Usually 

VAM at low soil phosphorus level should be more efficient in the uptake of 

phosphate. But some of the above values showed the requirement of full dose of 

phosphorus with microsymbionts to maximise the phosphorus content of plant. The 

uptake of soil phosphate by mycorrhizal roots is attributed to extensive hyphae in the 

soil which absorb and translocate phosphate to the roots. The increase in absorbing 

sites provided by fungus may be a major factor, contributing to the total increased 

phosphorus uptake. The restricted growth VAM hyphae in the pot could be the 

reason for the less efficiency of VAM in increasing the phosphorus content of plant 

in soil with low phosphorus level in the present study.

The VAM colonisation per cent in cowpea roots (Table 23) was found to 

be the maximum in treatment., with VAM alone, without any fertilizer application 

(87.96%). But it was also on par with dual inoculation without any fertilizer dose

'• i

i
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(82.60%) and with N+’/iP+K+dual inoculation of microsymbionts (82.07%). Perusal 

of Table 20 and 23 revealed that the above three treatments showed a higher VAM 

colonisation per cent and also gave higher phosphorus content of plant. But at the 

same time treatment combinations which recorded significantly lesser VAM 

colonisation per cent gave higher phosphorus content of plant. So the higher level of 

phosphorus in these treatments may not be due to the efficiency of VAM fungus. 

These observations led to the same conclusion that the low efficiency of VAM 

fungus may be due to the lack of extensive hyphal growth of VAM into the limited 

quantity of soil in the pot and reduced absorption sites of the organism.

Comparison of the spore count in the field (Table 38) with that in the pot 

culture experiment showed that the spore count in the field was much higher. This 

suggests that the limited quantity of soil in the pot hindered the growth of VAM 

fungus, phosphorus uptake and also the spore count in soil.

In the case of dual inoculation, only half dose of phosphorus with full 

nitrogen and potassium were required to increase the magnesium (0.423%) and 

calcium (1.24%) absorption to the maximum. But VAM inoculation alone without 

any fertilizer level was required to increase the copper content of plant (5.42 ppm). 

This proved the efficiency of VAM in influencing the uptake of these 

micronutrients. Similar observations were made by Pai et a i  (1994), Medeiros et al. 

(1995) and Tarafdar and Rao (1997). Bermudez and Azcon (1996) worked out a 

positive correlation between calcium content of alfalfa plants and nodulation in 

mycorrhizal treatment. VAM did not seem to have much role in increasing the 

manganese content, but Bradyrhizobium inoculation alone without any fertilizer was 

sufficient to get the maximum value.
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Table 31 to 33 shows the nitrogen, phosphorus and potassium content of 

soil. Among the inoculants, treatment with VAM alone showed maximum value of 

soil nitrogen (270 ppm) which was about 23 ,per cent increase when compared with 

Bradyrhizobium treatment. Among the interaction with microsymbionts and 

fertilizer levels, VAM with V6N+P+K ranked top in increasing the soil nitrogen to 

maximum (370 ppm). This showed the efficiency of VAM in increasing the soil 

nitrogen content in combination with half dose of nitrogenous fertilizer. The critical 

analysis o f Table 32 revealed that there were no significant differences among
i

treatments and its interactions in influencing the phosphorus status of soil. As far as 

potassium content of soil is concerned (Table 33), there was significant difference 

among treatment with microsymbionts with maximum in control plants (80 ppm). 

The results of the interaction between inoculants and fertilizer levels showed that 

most of the treatment combinations without inoculants had maximum value of 

potassium content in soil. This indicated the application of either VAM or 

Bradyrhizobium or its combination could reduce the potassium content of soil. A 

negative effect of potassium application to the total and individual weights of 

nodules was reported by Seripong and Masayna (1984).

The overall results of the experiment revealed that dual inoculation with 

VAM and Bradyrhizobium was found more beneficial than individual inoculations 

and was found to increase five biometric characters of plant to the maximum. Dual 

inoculation also improved the level of six nutrients, viz. nitrogen, phosphorus, 

magnesium, calcium, zinc and manganese.

In interaction between microsymbionts and different fertilizer levels, only 

fresh weight of plant recorded significant differences and the maximum value was 

recorded by VAM+ViN+P+K. Other observations were not significant. Even then, 

those treatments where VAM was a partner, recorded the maximum values except
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in the case of length of root'. In the case of nutrient status, the results of interactions 

showed inconsistent values. 'Even then,' maximum nitrogen content in plant was 

recorded by VAM+B+N+'APTK and maximum calcium and magnesium content 

was recorded by VAM+B+N+VSP+K.

5.7 Effect of microsymbionts and fertilizers at field level

5.7.1 Biometric characters

Results on the number of leaves, plant height and root length revealed that 

the values of all these parameters were more at the time of harvest than at 50 per 

cent flowering, except in the case of T2 (application of fertilizer as per Package of 

Practice Recommendations of KAU, 1993), where the number of leaves was 12.25 

at 50 per cent flowering and at harvest it was only 10.75 (Table 34). This is only 

normal that at 50 per cent flowering time the plants have not completed its full 

growth and naturally the number of leaves, plant height and root length will be less 

at 50 per cent flowering. At harvest time, maximum number of leaves was recorded 

by T7 (B+V2N+P+K). Comparing with the control plants, application of N+P+K as 

per Package of Practice Recommendations of KAU, 1993 and application of 

B-HAN+P+K were required for. getting maximum number of leaves at 50 per cent 

flowering and at harvest respectively. This also pointed out that nutrients given as 

fertilizers are easily utilized during the earlier stages of growth but the effect of 

inoculation of Bradyrhizobium is expressed only at a later stage of plant growth.

In the field, the plant height showed significant differences both at 50 per 

cent flowering and also at harvest. Here the treatment T10 (VAM+B+IAN+'AP+K) 

was the best giving maximum height of the plant both at 50 per cent flowering 

(34.83 cm) and at harvest (42.58 cm), eventhough at harvest it ranked second, but- 

was on par with first ranked treatment (Tx). From this it could be derived that dual
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inoculation could effectively substitute half the dose of nitrogen and phosphorus 

fertilizers as far as plant height is concerned. Similar observation was made by 

Satizabal and Saif (1987) in Centrosema macrocarpum inoculated with Rhizobiwn 

strains and Glomus manihotis or Acaulospora longula. They reported the highest 

growth in plants inoculated with VAM alone with a phosphorus level of 40 kg P20 5 

ha-1. Rathore and Singh (1995) reported that mycorrhizal inoculum may substitute 

phosphatic fertilizer equivalent to 30 kg P ha'1 in maize.

The root length of plant were significantly different at 50 per cent 

flowering stage and 'after that at the time of harvest, the differences were not 

significant (Table 34). The effects of treatments on the root length were well
i

exhibited during the active growth stage. Application of N+P+K as per Package of 

Practice Recommendations of KAU, 1993 (T2) was the best treatment giving a root 

length of 16.67 cm. But this can well be. substituted by microbial inoculants also 

(VAM+N+'/zP+K, 16.42 cm and Bradyrhizobium + J4N+P+K, 15.92 cm) which 

were on par with the treatment T2. This means that the application of either VAM 

with half dose of phosphorus and full dose o f nitrogen and potassium fertilizers or 

Bradyrhizobium with half dose of nitrogen and full dose of phosphorus and 

potassium fertilizers is equivalent to the application of N+P+K fertilizer as per 

Package of Practice Recommendations of KAU, 1993.

Tire fresh and dry weights of plants were the maximum in Tio 

(VAM+B+V2N+V2P+K) both at 50 per cent flowering and at harvest except the dry 

weight at 50 per cent flowering (Table 35). But it was on par with the first ranked 

treatment (T<j). This result indicates that the application of VAM and 

Bradyrhizobium in combination can effectively substitute half of the nitrogenous 

and phosphatic fertilizer requirement as far as the fresh and dry weight of the plant.*, 

are concerned. Moreover, the weight gaining process was not uniform among the



treatments. In the treatments T2, T3, T4, T5 and T7, more than 60 per cent of the total 

fresh weight was gained by the time of 50 per cent flowering (45th day after 

sowing). Whereas in the other treatments (Ti, T6> Tg, T9, T iq and Tu) a uniform 

growth pattern in terms of fresh weight was observed. An average of 43.57 per cent 

of total fresh weight was gained by them by this time. Among them, the treatment 

T10 (VAM+B+VzN+'AP+K) recorded the highest fresh weight at 50 per cent 

flowering and also at harvest. When both VAM and Bradyrhizobium were 

inoculated together the use of nitrogen and phosphorus fertilizers could be reduced 

to half and at the same time a more or less uniform growth rate in terms of weight

gaining was obtained, 47.86 per cent during the vegetative growth of the plant and
1

the rest 52.14 per cent after flowering stage. Thus the application of microsymbionts 

not only reduce the use of nitrogenous and phosphatic fertilizers to the half, but also 

regulates the growth to a uniform patterp. Dry weight of plants also followed a 

similar pattern. Godse et al. (1978) reported increased shoot weight in cowpea 

inoculated with Rhizobiurn and VAM and suggested that it might be due to the 

increased uptake of phosphorus by plantsJ Satizabal and Saif (1987) also reported 

highest growth in Cenfrosema macrocarpum inoculated with VAM and Rhizobiurn 

at a phosphorus level of 40 kg P2O5 ha'1.

The pattern of fresh and dry weight gaining process by the roots showed 

that the roots gained most of its weight after 50 per cent flowering stage (Table 36). 

Treatment with Bradyrhizobium alone (T6) recorded the maximum fresh weight of 

root (7.19 g) and 88.5 per cent of this weight was gained only after 50 per cent 

flowering.- This trend can be seen in all other treatments also. At 50 per cent 

flowering treatments involving VAM (T3, T4 and T5) were on par with the best 

treatment (T10) in increasing the fresh weight of the plants. Among them T4 

(VAM^N+'/2P+K) was the best treatment. This treatment ranked first in producing 

the maximum dry weight of roots also, both at 50 per cent flowering (0.93 g) and at

v&
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harvest (3.65 g). This result emphasises the role of VAM inoculation in enhancing 

the root development of cowpea and also it shows that half the dose of phosphorus 

with full nitrogen and potassium could well be substituted with VAM inoculation as 

far as root development (fresh and dry weight) is concerned. Many workers
i

(Champawat, 1989; Chhabra et al., 1990 and Mane et al., 1993) have reported that 

the VAM inoculation increases the root development by way of increased 

phosphorus uptake. At harvest the fresh \veight of root was increased to 130 per 

cent and dry weight of root was increased to 180 per cent in the treatment T4 

(VAM+N-R^P+K) over control.

i
The nodule number on treated plants showed that Bradyrhizobium 

inoculation alone was not sufficient to increase the nodule number per plant (Table 

37). Bradyrhizobium inoculation alone (Te) produced 12.17 nodules at 50 per cent 

flowering and 10.58 at harvest, while the combined inoculation with VAM (T9) 

increased the nodule number to 13.25 and 18.75 respectively. However, the 

maximum nodulation (17.58 and 29.67) was found in T10 (VAM+B+l^N+V^P+K) 

(Fig.5). This shows that dual inoculation of both the microsymbionts increases the 

efficiency of nodulation and it can reduce the fertilizer requirement of nitrogen and 

phosphorus to half. The treatment T10 increased the nodulation to 180 per cent 

compared to treatment with Bradyrhizobium alone. VAM inoculation may have 

increased the nutrient availability to the plant, which resulted in increased 

nodulation. Sivaprasad and Rai (1991) reported 178 per cent increase in nodulation 

in pigeon pea inoculated with Glomus fascicxdatum and Rhizobium. Thyagarajan 

• and Ahmed (1993) also reported 71.2 per cent increase in nodulation when cowpea 

plants were dually inoculated with cowpea Rhizobium strain JRC-29 and VAM 

fungus. Similarly Soddi et al. (1994)reported highest nodulation in cowpea cultivar 

C-152 when.dually inoculated with Rhizobium and Glomus fasciculatum along with 

50 per cent of recommended nitrogen and phosphorus at the rates of 25 kg N and
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50 kg P ha'1. Another finding was that in most combinations of VAM and 

Bradyrhizobium (T*>, Tio and Tn) nodule numbers were more at harvest than a t '50 

per cent flowering. This suggests that VAM supports nodule formation greatly after 

50 per cent flowering stage.

A critical analysis of Table 37 reveals the superiority of the treatment Tio 

(VAM+B+'AN+V^P+K) in increasing the fresh and dry weight of nodules. Fresh 

weight of nodules showed maximum both at 50 per cent flowering (395 mg) and 

also at harvest (700 mg) in this treatment. The dry weight followed the same trend 

eventhough it ranked second at 50 per cent flowering. The increase in fresh weight 

over control at 50 per cent flowering stage was 39 per cent and at harvest it was 155 

per cent. A similar trend was there for dry weight also.

From the data on number of nodules, fresh and dry weights of nodules, it 

becomes clear that Tio is a significantly superior over control. On comparison with 

the treatment T2 (N+P+K) also, Tio showed its superiority. Many workers reported 

the superiority of dual inoculation in increasing the nodulation and nodule weight 

(Asai, 1944; Bagyaraj etal., 1979; Allen eiah, 1991 and Das ei al., 1997). The well 

established fact that VAM improves the phosphorus availability to the plant 

(Sivaprasad ei al., 1983; Champawat, 1990a; Cabello, 1992; Khan et al., 1995 and 

Das ei al., 1997) and Bradyrhizobium enhances nitrogen assimilation by the plant 

(Nair and Sivaprasad, 1981; Manel and Chahal, 1987; Mand ei al., 1991 and 

Senaratne and Ratnasinghe, 1995) made the plant to perform better over control.

5.7.2 Nutrient status

The results on the NPK content of'the plants (Table 39) showed that the 

nitrogen content was the highest (5.18%) in treatment Tg (B-HAN+P+K).
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Significantly higher phosphorus content was seen in four treatments viz. T3 (VAM 

alone, 0.41%), Te (Bradyrhizobium alone, 0.40%), Ts‘(B+%N+P+K, 0.46%) and 

T10 (VAM+B+ViN+VSP+K, 0.45%). Potassium content was the highest in Tio 

(VAM+B+V2N+V2P+K, 3.52%) and Ts (VAM+N+^P+K, 3.48%) (Fig^S). The 

treatment T8 recorded 63.4 per cent increase in nitrogen content over control (Tj). 

Tlius it becomes evident that inoculation by Bradyrhizobium is effective in 

increasing the nitrogen content of the planf to the maximum (Ezedinma, 1964 and 

Sahu and Sahara, 1972) and also it can reduce the fertilizer nitrogen requirement of 

cowpea to quarter dose. Among the treatments which ranked top for phosphorus 

content, the treatment Tio gave 0.45 per cent o f phosphorus content o f plant. Hie 

same treatment was found to give the maximum potassium content (3.52%) of plant,, 

along with T5. Thus-the result indicated that B-M/iN+P+K (Ts) was the best for
t

improving nitrogen and VAM+B+^N+VaP+K was the best for improving the 

phosphorus and potassium contents of plant. Mane and Chahal (1987) and Stamford 

et al. (1990) reported that Bradyrhizobium inoculation could reduce the nitrogen 

application in leguminous plants. The beneficial effects of individual inoculation of 

VAM (Rathore and Singh, 1995; Tarafdar and Rao, 1997) and dual inoculation with 

Bradyrhizobium were also well established. The data showed that dual inoculation 

can save half quantity of nitrogenous and phosphatie fertilizers. Singh (1996) 

reported maximum nitrogen fixation in pigeon pea dually inoculated with 

Rhizobium and Glomus fasciculatum in the presence of phosphorus and nitrogen @ 

50 kg P2O5 ha'1 and 20 kg N ha'1 respectively.

The micronutrient content of plant showed that none of the control plants 

(Ti) or plants which received fertilizers as per Package of Practice 

Recommendations of KAU, 1993 (T2) were top ranking as far as the five 

micronutrient elements were concerned. In this aspect also the treatment Tio 

(VAM+B+VIN+^P-I-K) was superior in increasing the content of magnesium



Fig.6. NPK content of cowpea as influenced by the 
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(0.42%) and zinc (58.33 ppm). The treatment T» (VAM+B+JfiN+ViP+K) was also 

performing equally good as that of Tio, us far as magnesium content was concerned. 

The symbiotic nitrogen fixation activity is known to improve by the presence of 

magnesium as it is an integral constituent of leghaemoglobin. VAM inoculation 

might have improved the absorption of magnesium, thereby increasing the 

efficiency of Bradyrhizobium. VAM inoculation (T3) greatly improved calcium 

content (0.59%) and Bradyrhizobium inoculation (Te) improved the Fe content 

(0.15%) of the plants. The overall results showed that Tio, where dual inoculation 

was done with half quantity of nitrogen and phosphorus and full dose of potassium 

was the best treatment. The beneficial effects of dual inoculation were reported by

many workers. Kumutha and Santhanakrishnan (1994) reported double nitrogen
\

fixation in soybean inoculated with VAM and Bradyrhizobium compared to 

RJuzobium inoculation alone. Khan el al. (1995) recorded increased nitrogen and 

phosphorus content in groundnut as a result of dual inoculation with Glomus sp. and
• i

Bradyrhizobium sp.

As seen from the Table 41, the different treatments were not able to alter
i

the available nitrogen, phosphorus and potassium content of soil to a significant 

level.

5.7.3 Percentage VAM colonisation, spore count of VAM and yield

A critical examination of the data on VAM colonisation percent, spore 

count of VAM and yield of plants (Table 38) revealed that the control plants were 

the poorest in expressing the above factors. The maximum VAM colonisation per 

cent was seen in plants inoculated with VAM alone (T3, 76.96%). But on 

combination with Bradyrhizobium (T9), there was no significant difference. The 

treatments, T4, T5, Tio and Tu were on par with the top ranking treatment (Fig.7).



Fig.7. Percentage of VAM colonisation and yield of 
cowpea as influenced by the treatments in field 

experiment
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This showed that VAM colonisation \yas not significantly affected by dual 

inoculation and also by the application of fertilizers. Manjunath and Bagyaraj (1986) 

reported that application of phosphorus did not reduce the percentage of root 

colonization by VA-mycorrhiza, but it increased the extramatrical chlamydospores 

in the soil. They also suggested the need for application of phosphorus to obtain 

maximum benefit from VAM in phosphorus fixing soils. Hao el al. (1991) also 

made a similar observation in mung bean.that phosphorus application encouraged 

mycorrhizal colonisation. Lee and Ryu (1992) made similar observation in sorghum 

inoculated with VAM fungi. They observed that the colonisation of roots with VAM 

was independent of phosphate level in the soil for sorghum.

But Rajapakse (1987) reported a negative correlation between root 

colonisation by Glomus fasciculcitum and phosphorus content of growth medium in 

cowpea. Isobe el al. (1993) also reported the adverse effect of the application of 

superphosphate fertilizer in mycorrhizal colonisation in soybean.

The treatment T5 (VAM+N+'/fP+K) showed the maximum spore count of 

VAM (688.67 per 100 g soil). It was significantly higher than all other treatments 

except Tn (VAM4TH,/ iN+1AP+K, 611.00 per 100 g soil). In both these treatments 

only quarter dose of phosphorus was applied. In other treatments, wherever higher 

doses of phosphorus was applied, then spore count was less. This clearly indicates 

that the phosphorus level of soil has some influence on the spore count of VAM in 

soil. Santhi and Sundarababu (1995) reported a negative correlation between 

phosphorus levels and the VAM spore population in soil. From the table it was also 

clear that, VAM inoculation along with Bradyrhizobium has no influence on the 

spore count.



m

.As far as the yield is concerned, T7 (B+V2N+P+K) was the top ranking 

treatment (550.33 g plot'1). The treatment T]0 which was found superior in many 

parameters was also statistically on par with T7 (Fig.']?),. Thus for yield 

Bradyrhizobium along with V2N+P+K was the best treatment. Increase in yield by 

the inoculation of Bradyrhizobium have already been reported by many workers 

(Rai et al.7 1977; Sivaprasad and Shivappashetty, 1980). Mahmoud el al. (1994) 

reported the highest seed yield in soybean inoculated with Bradyrhizobium along 

with the application of nitrogen fertilizer.

The results of field experiment concluded that T10 (VAM+B+'AN+V^P+K) 

was the best treatment in improving six biometric characters of plant, viz. plant 

height, fresh and dry weights of plant, nodule number, fresh and dry weights of 

nodules and yield to the maximum value. T10 also improved the level of five 

nutrients, viz. phosphorus, potassium, magnesium, zinc and manganese in plant to 

the maximum value.

Thus the inoculation of VAM and Bradyrhizobium had a synergistic 

effect on the performance of cowpea. This might be due to the increased nutrient 

• uptake and production of growth promoting substances like auxins, gibberellins and 

cytokinins. These substances alter the physiology of the plant. The results revealed 

that this dual inoculation could substitute the nitrogenous and phosphatic fertilizers 

to the half (10 kg N and 15 kg P2O5 ha'1) of the recommended dose as per Package 

ofPractice Recommendations of KAU, 1993.

The percentage of VAM colonisation was not affected.by dual inoculation 

and different levels of fertilizer application. Spore count of VAM was found 

maximum in soil with low phosphorus level. But VAM inoculation along with 

Bradyrhizobium had no influence on the spore count.

i



Correlation studies (Table 42 and 43) revealed that percentage of VAM 

colonisation'had significant positive correlation with nodule number and also fresh 

and dry weights of nodule. This showed a positive response between nitrogen fixing 

bacteria and VAM fungus. Aboul-Nasar (1993) also made a similar observation in 

sorghum and he reported that this response would depend upon VAM species. But 

Ianson and Linderman (1993) found that the level of VAM formation was not 

related to nitrogen fixation in pigeon pea inoculated with Rhizobium and Glomus sp. 

But percentage of VAM colonisation had no significant correlation with any of the 

biometric characters of the plant. There was significant positive correlation for the 

nodule number with the plant dry weight and also with the yield. This emphasis the 

need for Bradyrhizobium inoculation for increased yield. Sivaprasad and 

Shivappashetty (1980) also reported a significant correlation between 

leghaemoglobin content of nodules, plant top dry weight and final grain yield in 

cowpea. This can also reduce the fertilizer nitrogen dose to half (T7). However, 

combined inoculation along with VtN+VfcP+K was found to improve many of the 

plant biometric characters.

Table 44 revealed that VAM colonisation per cent had a significant 

positive correlation with calcium content. Similar reports were made by Pai et al. 

(1994) and Bermudez and Azcon (1996). VAM also had a significant negative 

correlation with manganese content of the plant. Bagyaraj and Manjunath (1980) 

and Medeiros et al. (1995) also reported negative correlation for VAM with 

manganese content.

5,8 Correlation studies on biometric characters and nutrient status of
cowpea 1
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SUMMARY

An investigation was undertaken at the College of Horticulture, 

Vellanikkara during the period 1994-97 to study the interaction between VA 

mycorrhiza and Bradyrhizobium in cowpea. The results of this study are 

summarised below.

i
The survey on the natural occurrence of VAM in five locations revealed a 

fairly good VAM colonisation in all the samples collected. Colonisation in the 

lateral roots was found to be higher than1 that in tap roots. In all the five locations 

colonisations were found to be more during the rainy season than in summer. The 

•VAM spore count was also found more during the rainy season. The predominant 

spores found in all the survey locations were that of Glomus sp.

The screening of VA mycorrhiza revealed that its effect was more 

conspicuous on fresh weight of root. Inoculation increased VAM colonisation per 

cent significantly. VAM isolate T3 (isolate from farmer’s field at Nadathara) was 

selected for further studies based on its performance in percentage of VAM 

colonisation (67.93), fresh weight of root (3.05 g), dry weight of plant (7.43 g) and 

number of leaves (16.53).

The colonisation pattern of Bradyrhizobium revealed that the initiation of 

nodulation occurs even at 10 days of plant growth. Dual inoculation with VAM and 

Bradyrhizobium showed more nodulation than that with Bradyrhizobium alone. In 

both cases maximum nodulation was found at 40th day after sowing. So dual 

inoculation was found to have a synergistic effect on nodulation. The results also 

showed that the nodulation pattern had a direct bearing with the growth stages of 

the plant. Nodulation was found to reach at its peak at 50 per cent flowering stage 

(40th day) and after that it decreased.
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VAM infection was found to start at 10th day after sowing, reaching the 

peak at 40th day and gradually decreasing till 60th day after sowing. Unlike in 

nodulation, VAM Infection was found to have a lag phase up to 20th day to get 

adjusted with the environment.

For both nodulation and VAM colonisation, dual inoculation was found to 

have a synergistic effect. !

Anatomical studies showed the presence of VAM vesicles only in the root 

cortex. Both H and V shaped branches of hyphae were seen in the stained roots. 

During the early stages of plant growth the fungus formed arbuscules in the roots 

and later the arbuscules were absent and vesicles were found to form. Nodule 

tissues also showed the presence of mycorrhizal fungus.

Electron microscopic study revealed two types of VAM fungal 

penetrations in the roots. In one, the hyphal growth was seen running along the root 

surface and gradually enter in to the root and in the other:., hypha was found to 

penetrate almost perpendicularly in to the root. The EM photomicrographs revealed 

that the vesicles were attached terminally on the hypha and the arbuscules were 

highly branched, with short, twisted branches with slightly bulged tips.

Electron microscopic study of nodules revealed that the nodule surface 

was free of VAM hypha but the inner tissues had the hyphal presence.

The pot culture experiment showed that dual inoculation with VAM and 

Bradyrhizobium was beneficial than individual inoculations in placing five 

biometric characters, viz. number of leaves (10.81), fresh weight of plant (22.00 g), 

dry weight of plant (8.29 g), number of nodules (110.61.) and fresh weight of 

nodules (2.04 g). Inoculation of either Bradyrhizobium or VAM is always better

i



The results on the effect of fertilizer' doses revealed that a judicious 

combination of fertilizer must be N+ViP+K for improving four of the biometric
: i

characters, viz. root length (25.75 cm), nodule number (78,50), fresh weight of 

nodules (1.85 g) and dry weight of nodules (1.03 g).

Among all the inoculant-fertilizer interactions, those in which VAM was 

a partner, recorded the maximum values for all the characters except root length. So 

VAM played a major role than Bradyrhizobiam in improving the plant performance.

Analysis of the nutrient status of plant revealed that the dual inoculation 

with VAM and Bradyrhizobium improved the level of six different nutrients, viz. 

nitrogen (3.32%), phosphorus (0.33%), magnesium (0.407%), calcium (0.92%), 

zinc (26.20 ppm) and manganese (250.56 ppm) in cowpea. Among the fertilizer 

doses, %N+P+K was found best in. increasing the four different nutrients, viz. 

phosphorus (0,57%), calcium (0.83%), iron (799.32 ppm) and manganese (280.94 

ppm). The results on the. interactions among the fertilizers and symbionts revealed 

that only quarter dose of nitrogenous fertilizer was necessary, when applied with 

both microsymbionts to get maximum nitrogen content of plant (4.03%). Another 

finding was that interaction of VAM with ‘/zN+P+K, and N+!/2P+K alone yielded 

maximum phosphorus content of plant (0.40%).

Dual inoculation along with half the dose of phosphorus recorded the 

maximum magnesium (0.423%) and calcium (1.24%) content in plapt.

Inoculation of microsymbionts along with the soil application of 

'/2N+P+K ranked top in increasing the soil nitrogen to maximum. There were no

than uninoculated plants. Dual inoculation was found to have a synergistic effect in

enhancing the above five biometric characters of the plant.
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significant differences among treatments and its combinations in influencing the 

phosphorus status of soil. Whereas in the case of potassium, the control plants 

showed maximum value (80 ppm) than either inoculants or its combinations. The 

application of either VAM or Bradyrhizobium or its combinations reduced the 

potassium content o f soil.

The result of the field experiment showed that the fertilizer nutrients were 

easily utilized before 50 per cent flowering stage of plant and the effect of 

inoculation of Bradyrhizobium was expressed only after 50 per cent flowering stage. 

It was found that the treatment Tio (VAM+B+V^N+l^P+K) out perform other 

treatments for five characters, viz. plant height (34.83 cm), fresh weight of plant 

(31.67 g), dry weight of plant (9.09 g), nodule number (17.58) and fresh weight of 

nodules (395 mg) at 50 per cent flowering. At harvest this treatment (Tio) recorded 

maximum values in fresh weight of plant (66.17 g), dry weight of plant (18.21 g), 

nodule number (29.67), fresh weight of nodule (700 mg) and dry weight of nodule 

(318 mg).

127

As far as root length was..concerned, T2 (Package of Practice 

Recommendations of KAU, 1993) was "the best treatment but, the combined 

inoculants also (VAM+N+V6P+K and B+V2N+P+K) could effectively substitute that 

treatment. This means that Bradyrhizobium and VAM could substitute half nitrogen 

and half phosphorus respectively as far as root length was concerned. Treatment Tio 

recorded the highest fresh weight at 50 per cent flowering and also at harvest. 

Another finding was that the inoculation of the microsymbionts not only reduce the 

use of nitrogenous and phosphatic fertilizers to half, but also regulated the plant 

growth to a uniform pattern.

1
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Treatment with Bradyrhizobium alone (T6) recorded maximum fresh 

weight o f root at harvest (7.19 g) and 88.5 per cent of this weight was gained only 

after 50 per cent flowering stage. This trend can be seen in other treatments also. 

Thus the weight gaining process of the roots was found to occur more after 50 per 

cent flowering stage. Treatment T4 (VAM+N+V2P+K) was the best treatment in 

getting maximum fresh weight of root at 50 per cent flowering and dry weight both 

at 50 per cent flowering and at harvest. Thus half dose of phosphorus could be 

substituted by VAM inoculation. 1

Treatment T10 increased nodulation to 180 per cent over Bradyrhizobium 

inoculation alone. In most combinations of VAM and Bradyrhizobium (T9, T10 and 

Tn) nodule number were more at harvest than at 50 per cent flowering. Thas 

suggests that VAM supports nodule formation greatly after 50 per cent flowering 

stage.

Analysis of the nutrient status of the plant showed that inoculation by 

Bradyrhizobium was effective in increasing the nitrogen content of the plant to the 

maximum and also it could reduce the fertilizer nitrogen to quarter dose. The data 

revealed that the treatment B+^N+P+K (Tg) was the best for improving the 

nitrogen and VAM+B*B£N+V6P+K (T10) was the best for improving the phosphorus 

and potassium content of the plant. T10 was the best treatment in increasing the 

magnesium and zinc content o f the plant. The overall results showed that Tio 

(VAM+B+V£N+l/2p+K), where dual inoculation was done and nitrogen and 

phosphorus fertilizers were reduced to half, was the best treatment in improving the 

over all performance of the plant. Another finding was that the different treatments 

involving the microsymbionts and different fertilizer doses were not able to alter the 

nitrogen, phosphorus and potassium content of soil to a significant level.
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When VAM was inoculated and quarter dose of phosphorus was applied, 

the spore count was maximum (688.67). It ,was found that the phosphorus level of 

soil had some negative influence on the spore count of VAM in soil.

For getting maximum yield TV (B+v4N+P+K) was found the best 

treatment giving 550.33 g pod yield per plot. The otherwise, best treatment Tio was 

on par with T7.

1
There exists a positive response between nitrogen fixing bacteria and 

VAM fungus. In turn, there was a positive correlation for the nodule number with 

dry weight of nodules and also with yield of the plant. It is evident that both 

Bra^yrhizobium and VAM inoculation positively influence most of the biometric
i

characters and nutrient status of the plant and that they can reduce the use of 

nitrogen and phosphorus fertilizers. The percentage of VAM colonisation had a 

significant positive correlation with calcium content and significant negative 

correlation with manganese content of plant.

The entire study revealed that inoculation of Bradyrhizobium and VAM 

together was having a synergistic effect on the performance of the cowpea plant. 

The microsymbionts could substitute the fertilizers, especially nitrogen and 

phosphorus to the extent of half the recommendation. Thus a judicious treatment 

would be VAM+B+V^N+'AP+K, to get the best performance of cowpea.
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APPENDIX-!

Composition of F.A.A.

Formalin (40%) - 5 ml
Glacial acetic acid - 5 ml 
Ethanol (95%) - 90 ml

APPENDIX-n

Composition of Trypanblue

Trypanblue 
Lacto phenol

50 mg 
100 ml

Lactophenol

Lactic acid 
Phenol 
Glycerol 
Water

10 ml 
10 ml 
20 ml 
20 ml
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Composition of Yeast Extract Mannitol Agar (Allen, 1953)

Mannitol - 10.0 g
K2H P04 - 0.5 g
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NaCl - 0.1 g
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APPENDIX-IV

Composition of Glucose Peptone Agar Medium
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ABSTRACT

An investigation on Interaction between VA mycorrhiza and 

Bradyrhizobium in cowpea was earned out at the College of Horticulture, 

Vellanikkara during the period 1994-97. The main objectives o f the study were to 

explore the beneficial effects of dual inoculation of VA mycorrhiza and 

Bradyrhizobium in enhancing the uptake of nitrogen and phosphorus and to evolve 

specific recommendation on the use of these inoculants together in reducing the use 

of nitrogenous and phosphatic fertilizers.

The results of this investigation revealed the following conclusions. The 

survey oh the natural occurrence of VAM in cowpea showed a fairly good VAM 

colonisation in all the plant samples collected from the five locations. VAM 

colonisation was found more in lateral roots than in tap root. The VAM colonisation 

and spore count were more during rainy season compared to summer., The 

predominant spores present in all the survey locations were identical to that of 

Glomus sp.

After the screening of VAM, the local isolate from farmer’s field at 

Nadathara was selected for further studies based on its performance.

Observation of cowpea plants at 10 days after sowing showed the 

presence of nodules and VAM colonisation in the roots of inoculated plants. Both 

the nodulation and VAM colonisation were found to reach a peak at 40th day after 

sowing. Dual inoculation was found to have a synergistic effect in nodulation and 

VAM colonisation.

Light microscopy of VAM infected roots showed both ‘H’ and ‘V’ 

shaped-branching of hyphae, arbuscules and vesicles of VAM fungus.

!



- Electron microscopy revealed two types of fungal penetrations into the 

roots. It also showed the terminal attachment of oval shaped vesicles and highly 

branched arbuscules with short twisted branches with bulged tips in the root cortex.

Electron microscopic study of nodules revealed that the nodule surface 

was free of VAM hypha, but the inner tissues of nodules had the hyphal presence.

The pot culture experiment recorded synergistic effect in dual inoculation 

with VAM and Bradyrhizobium in enhancing five biometric characters, viz. number 

o f leaves, fresh and dry weights of plant, number of nodules and fresh weight of 

nodules.
; i

Among the inoculant-fertilizer interactions, eventhough all observations

except fresh weight of plant recorded non significance between treatments, those in
i

which VAM was a partner, recorded the maximum values for all the observations 

except root length.

Dual inoculation with VAM and Bradyrhizobium improved the level of 

six nutrients, viz. nitrogen, phosphorus, magnesium, calcium, zinc and manganese 

in cowpea.

The result of interaction with microsymbionts and fertilizer levels 

recorded inconsistent values. Treatment with VAM + B + XA N + P + K recorded 

maximum nitrogen, VAM + ‘/z N + P + K  and N + Yi-P + K alone recorded 

maximum phosphorus and dual inoculation along with V2N+P+K recorded 

maximum magnesium and calcium content of plant.

Inoculation of VAM + Bradyrhizobium along with 'A N + P + K. ranked 

top in increasing the soil nitrogen to the maximum. There were no significant 

differences among treatments and its combinations in influencing the phosphorus



status of soil. The application of either VAM or Bradyrhizobium or its combinations 

reduced the potassium content of soil.

The results of the field experiment revealed that the treatment Tio 

(VAM+B-H/2N+V6P+K) out perform other treatments in five characters, viz. plant 

height, fresh and dry weights of plant, nodule number and fresh weight of nodules at 

50 per cent flowering. At harvest this treatment recorded the maximum values in 

fresh and dry weights of plant, nodule number and fresh and dry weights of nodules. 

Treatment Tio increased nodulation to: 180 per cent over Bradyrhizobium 

inoculation alone.

Bradyrhizobium+V2N+P+K was found to be the best treatment in 

improving the nitrogen content of plant, whereas VAM+B+l^N+ViP+K. was the best 

for improving the phosphorus, potassium, magnesium and zinc content of plant.

Another finding was that the different treatments involving 

microsymbionts and different fertilizer doses were not able to influence the nitrogen, 

phosphorus and potassium content of soil to a significant level.

The percentage of VAM colonisation was not significantly affected by 

dual inoculation and also by the application of different levels of fertilizers.

Dual inoculation had no influence on the spore count of VAM. The high 

level of phosphorus in soil had some negative influence on the spore count.

Treatment B+VSN+P+K. was the best in increasing the yield to the 

maximum, which was on par with Tio.

The overall results showed that Tio (VAM+B+'/zN-H/zP-t-K) where dual 

inoculation was done and nitrogen and phosphorus fertilizers were reduced to half



I

of the recommended dose, was the best treatment in improving the biometric 

characters and nutrient status and yield of cowpea. Thus a judicious treatment 

would be VAM+B+l^N-i-VzP+K to get the best performance of cowpea.

The percentage of VAM colonisation recorded a significant positive 

correlation with nodule number and fresh and dry weights of nodule.

There was a significant positive correlation between nodule number and 

plant dry weight and also with yield. The. percentage of VAM colonisation had a 

significant positive correlation with calcium content and significant negative 

correlation with manganese content of plant.
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