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ABSTRACT

The effects of mycorrhizal inoculation and composted brewery waste on growth of potted tomato

[Lycopersicon esculentum] plant were investigated in an experiment in which composted (6, and 12 weeks

composting) spent sorghum grains were used to supplement garden soil with the unsupplemented soil as

control. The tomato plants were either inoculated or not inoculated with the arbuscular mycorrhizal fungus

Glomus mosseae. Tomato stem height and width, and the numbers of nodes and leaves per plant were

measured at weekly intervals. Transplanted seedlings did not survive in soils amended with brewery waste that

had composted for six weeks and only those that were inoculated with G. mosseae showed slight (twenty

percent) survival. All tomato seedlings survived in the supplemented soils when the brewery wastes were

allowed to compost for twelve weeks. Arbuscular mycorrhizal inoculation promoted growth of tomato seedlings

(i.e.  stem  height, width, no. of nodes and leaves per plant) irrespective of brewery waste supplementation.

In supplemented soils, it was more pronounced at 12 weeks of composting. Concentrations of Zn, Fe, Pb and

Cd in both soil and brewery waste samples were below the Federal Environmental Protection Agency (FEPA)

safe levels. Micrococcus acidophilus and Streptococcus faecium were the microbial i.e. bacterial isolates from

the brewery waste supplement. Brewery waste i.e. spent sorghum grains can be used as organic soil supplement

for cultivating tomato only after an appreciable period of composting, and the negative effect of a shorter

period of composting could probably be mitigated by AM inoculation.    
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Introduction

Tomato (Lycopercicon esculentum  Mill) plant originated from South America in the tropics and is now

widely grown throughout the world. It is a shade tolerant plant but it may need sunny period and even rainfall

for best result. It can be cultivated at sea level but it usually does better at high attitude.  It is a variable

annual herb usually 0.7 to 2.0m high and fruit for which it is grown is a fleshy berry, red or yellow when ripe

containing vitamin A and C [Hill and Waller 1998].

Brewery waste from coastal brewing installations are gotten rid off from the complex into the lagoon via

the drains and those in hinterlands discharged into nearby streams.  These wastes include spent yeast,

chemicals  for  cleaning vessels and other machinery, spent grains from cereal product such as sorghum.

These products (i.e. waste) go a long way to pollute the environment and affect aquatic habitats.  These wastes

contain some toxic substances which include hydrocarbons ranging from paraffin, benzenes, Napthalene,
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Phenathinic and some heavy metals which can be seen in trace amounts in spent grains. The heavy metals

include Cadmium (cd), lead (pb), Zinc (Zn), Iron (Fe), and magnesium (mg) etc 

Spent grains are used to feed livestock such as pigs, goat, and sheep poultry.  They serve as good sources

of  fibers  to  these  animals  thereby  enhancing better livestock production (Kaur and Saxena, 2004).

However no report has been given as regard spent grains from brewing industries been used as composted farm

yard manure.

Mycorrihiza refers to an association between plants and fungi that colonize the cortical tissue of plant roots

during period of active growth (Smith and Read 1997). Mycorrhiza and other endophytic fungal communities

have been found to influence the development of plant communities. The mycorrhizal fungi make it possible

to share resources such as carbon mineral and water between different plants. Mycorrhiza inoculation has been

shown by many workers to promote growth and development of plant including tomato (Osundina and Liasu

1996). Inoculated  (i.e. mycorrhizal) tomato plants when planted in oil contaminated soils show a better growth

performance than non-mycorrhizal ones (Liasu et al, 2005) and this had been attributed to the fact and other

associated soil micro organism decomposed carbonaceous material in the soil including most of the organic

pollutant. The arbuscular mycorrhiza fungi thus help to reduce the build-up pesticides herbicides and other

industrial wastes in the soil (Fitzpatrick (1986). The tonnage of brewery waste released is becoming

significantly high enough to constitute environmental hazards but there is enough organic biomass in brewery

waste to contribute to the supply of manure. The only risk here is the certain high level of contamination

which may be toxic to decomposers and the end user of the agricultural plants i.e. man. Sorghum waste does

not appear to have any straw value like other cereal straws as it contains small amount of toxins and slow in

decomposition. However, mushrooms and mycorrhizae have been shown to have a tendency to speed up

decomposition as well as have a detoxifying effect on toxins (funky fungus 2004). A major objective of this

experiment is the coordinated reduction of the negative impact of industrial waste accumulation by converting

waste to wealth through positive utilization of waste products. No report has been given on the effect of

manure from composted brewery waste such as spent sorghum grain on the growth and development of tomato

or any such crop and the mediating effect of arbuscular mycorrhizal inoculation on both growth and toxicity

of the pollutants to tomato plants. Recently, Moyinjesu (2007) reported that soil supplementation with sorghum

waste not only increased pod weight of okra but increased soil fertility and improved soil nutrient composition.

This work seeks to examine the effect of arbuscular mycorrhizal inoculation on tomato plants grown in soils

supplemented with composted spent sorghum grains from brewery waste.

Materials and method

Collection of materials:

Samples of spent grains (sorghum) which form part of the discharged organic waste of Nigeria Breweries

factory located at Alakia along the Ibadan Ile-Ife expressway were collected and used for the experiment.

The spent sorghum grains were transported in polythene bags to the site of the experiment. Tomato seeds

(Ibadan local variety) were collected from National Institute for Horticultural Research (NIHORT), Ibadan.

Nursery preparation

The tomato seeds were broadcasted evenly on 1m x 1m wooden nursery tray filled with loamy garden soil.

The newly emerged seedlings were allowed to grow for six weeks till they attained the height of about 6-8

inches before transplanting them into plastic pots. The spent grains were allowed to decompose for six weeks

after which they were mixed with equal weight of garden soils in pots designated for supplementation. Prior

to  transplanting,  the  pots (containing both supplemented and unsupplemented soils) were sorted into two

lots. The first batch in each case was inoculated with 20 g of inoculum of Glomus mosseae (Trappe and

Gerdman) and the other with 20 g of sterile soils.All pots were perforated at the bottom to permit drainage

of excess water.

The  pot  experiments  were in factorial arrangement. The two factors were; soil inoculation: (i.e. with

or  without  mycorrhiza)  and soil supplementation: (i.e. soil with or without spent grains) resulting in four

soil  treatments which are: - waste supplemented soil with mycorrhiza – C M , waste supplemented soil+ +

without mycorrhiza – C M , unsupplemented soil with mycorrhiza – C M and unsupplemented soil without+ - - + 

mycorrhiza - C M- -

After six weeks of maturity the seedlings were transplanted from the nursery into bags containing the

prepared soil treatments. Mycorrhiza inoculums (20 grammes) were used to inoculate soils where applicable
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(as explained above). The plants were watered regularly to maintain constant water supply. The entire

experiment was repeated using composted spent sorghum grains that were allowed to compost for twelve weeks

as soil supplement.  

Screening of spent grains for degrading micro-organism

In order to get effluent, 1g of spent was weighed, sterile test tube were prepared by putting 9 ml of water

in a test tube [5 different test-tube] and corked with cotton wool.  These test tubes containing 9 ml of water

each then kept in an autoclave at 121 C for 15 minutes.0

Serial dilution

One gramme of spent grain were dissolve in 9 ml water and a syringe is use to collect one milliliter (1ml)

into another sterile water in the test tube and thoroughly mixed and this process is repeated for the remaining

sterile water this process is repeated for the remaining sterile water  in the test tube given the dilution factors

as 10 , 10  , 10 , 10 , 10 .  then 10  and 10  factor was taken for culturing.-1 -2 -3 -4 -5 -2 -4

Culture

Culturing of degrading micro-organism for this project work is to identify the micro-organism present in

the spent grains.  Petri-dishes were properly washed and kept in the oven for 2 hrs at a regulated temperature

of 120 Cto ensure that the dishes were free from all form of contamination. Nutrient agar (8g) was prepared0

in 100ml of water inside conical flask and autoclaved.  The molten agar is pourd aseptically into sterile Petri

dishes and allowed to solidify for 24hrs. Sterile syringe is used to collect A few drops of the diluted solution

from each of [10 ] and[10 ]  dilution factor was sprinkled aseptically into nutrient agar inside labeled Petri-2 -4

dishes and incubated for 24hrs. Colonies of the microorganism observed from the incubated culture were

picked using sterile inoculation loop and sub-cultured on fresh agar media before they were  into liquid nutrient

agar slant in sterile vial bottle and inoculated for 24hrs to obtain pure cultures after which they were kept in

an incubator at room temperature [27-29 C] for identification.0

Wet digestion

100g of spent grains were oven dry at about 60 C for 48 hrs. and kept aside for heavy metal analyses..0

Dried samples (2g) of spent sorghum grains were ground and poured into a digestion flask after which 10ml

of Nitric acid [concentrated] were added.  Another 10ml of perchloric acid [concentrated] were added along

with selenium catalyst, all under a fume cupboard and the mixture o digested for a while. The digested sample

is then washed into another flask and make up to 100ml with distilled water. The extract was read on a flame

photometer to determine Na, K, and Ca, concentrations while Pb, Cd, Zn, Mg, and were read using a Perkins

Elmer model atomic absorption spectrophotometer (AAS) at different wavelength (nm) for each metal.

Data Collection and Presentation

The effect of Glomus mosseae and brewery waste on 

C Seedling establishment:- The number of healthy seedlings were monitored and in all replicates of the four

inoculation and supplementation treatments a week after transplantation and percentage establishment i.e.

the number of surviving seedlings expressed as percentage of total number of transplanted seedlings

determined.      

C Seedling growth parameters:- The height and width of the stem of tomato seedlings were monitored at

weekly intervals starting from the first week after transplantation. The stem height was measured using

a meter rule and width measured using a sliding caliper. The number of nodes on the stem and of leaves

per plant were similarly monitored at weekly intervals and measured by direct counting. The mean values

of the different growth parameters recorded and plotted graphically against week after transplantation. 

C Statistical analysis: - Data collected at each week after transplantation were bulked and means subjected

to analysis using the two way Analysis of variance. The means were separated using the Duncans Multiple

Range Test (DMRT) at P > 0.05
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Results and discussion

Results

Effect of AM inoculation and soil supplementation on seedling survival and growth performance

All replicates of transplanted tomato seedlings grown in supplemented soils without inoculation withered

in soils supplemented with brewery waste composted for only six weeks while those inoculated recorded a

mere 20% survival. However, all transplanted seedlings grown in unsupplemented soils survived (100%)

irrespective of inoculation. When the soil was supplemented with composted brewery waste that had been

allowed to compost for twelve weeks, all seedlings showed 100% survival whether inoculated or not

irrespective of soil supplementation (Figure 1). 

Fig. 1: Effect of inoculation with G. mosseae and soil supplementation with composted (6 and 12 weeks

composting) brewery waste on %age survival of transplanted tomato seedlings.
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Fig. 2: Effect of inoculation with G. mosseae  and soil supplementation  with composted (6 and 12 weeks

composting) brewery waste on weekly increases in height of stem of transplanted tomato seedlings.

* Means at same week not carrying the same letters are significantly different at P>0.05 according

to Duncan's Multiple Range Test (DMRT)

Inoculation with Glomus mosseae also promoted growth as shown by the higher rate of weekly increases

in the height of stems of transplanted tomato seedlings particularly in soils supplemented with brewery waste

irrespective of the period of composting (figure 2). Similar response to AM inoculation was shown with respect

to weekly increases in stem width of transplanted tomato seedlings (figure 3). However, response to AM

inoculation in both cases was not fully exhibited until the third week after transplantation. In the absence of

mycorrhizal inoculation, brewery waste supplementation had a lethal effect on transplanted tomato seedlings

grown in soils supplemented with brewery waste after six weeks of composting whereas it only retarded the

growth in the early stages of development when the brewery waste was allowed to compost for twelve weeks

(figures 1,2,3,4 and 5). Generally, growth performance of transplanted tomato seedlings was retarded by soil

supplementation with brewery waste when composting was allowed to proceed for only six weeks in spite of
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Fig. 3: Effect of inoculation with G. mosseae and soil supplementation with composted (6 and 12 weeks

composting) brewery waste on weekly increases in stem width of transplanted tomato seedlings.

* Means at same week not carrying the same letters are significantly at P>0.05 according to Duncan's

Multiple Range Test (DMRT)

Table 1: Analysis of soil and brewery waste (i.e. spent sorghum grains) samples for their heavy metal content in comparison with FEPA

save levels.

Heavy metal concentration (mg/kg)

Description ---------------------------------------------------------------------------------------------------------------------------------------------------

Zn Fe Pb Cd

Soil sample 2.60 1.60 1.10 0.90

Spent grains 1.63 1.84 0.10 0.07

Safe Levels 3.40 1.95 1.85 1.00

Abbreviation + mg/kg = Milligram per kilogram.
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Fig. 4: Effect of G. mosseae and soil supplementation with composted (6 and 12 weeks composting)  brewery

waste on weekly increases in no of nodes of transplanted tomato seedlings. 

* Means at same week not carrying the same letters are significantly different at P>0.05   according

to Duncan's Multiple Range Test (DMRT)

AM inoculation while there were no significant differences between growth performances of inoculated tomato

seedlings in supplemented soils when compared with those in unsupplemented soils when composting was

allowed to proceed for twelve weeks.   

Heavy metal composition of soil and brewery waste

The  concentrations  of  the  metals Zn, Fe, Pb, and Cd present in both the soil and brewery waste

samples were well below the safe levels prescribed by the Federal Environmental Protection Agency (FEPA)

of Nigeria (table1).  
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Table 2: Initial chemical analysis of soil and brewery waste (i.e. spent sorghum grains) samples before commencement of experiment.

Description pH Ca Cmol/kg M g Cmol/kg K Cmol/kg Na Cmol/kg H Cmol/kg O.C. % N % Av.P mg/kg+ 

Soil sample 5.65 0.94 1.52 0.22 0.57 0.13 1.14 0.15 4.93

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Spent grains n.d. 0.48 1.47 0.35 0.17 n.d n.d n.d. n.d

Abbreviations

+ Cmol/kg - Centimole per kilogramm

Av.P - available Phosphorus

O.C -             Organic carbon

M g/kg - M illigram per kilogram

Fig. 5: Effect of G. mosseae and soil supplementation with composted (6 and 12 weeks composting) brewery

waste on weekly increases in no of leaves of transplanted tomato seedlings. 

*Means at same week not carrying the same letters are significantly different at P>0.05 according to

Duncan's Multiple Range Test (DMRT)
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Bacterial isolates from brewery waste

 The bacteria species isolated from the composted brewery waste samples were Micrococcus acidophilus

and Streptococcus faecium  (Table 2).

Table 3: Biochemical analysis, characterization and identification of bacterial isolates from effluents from composted brewery (spent sorghum grains)waste.

Isolate Gram Shape Motility Catalase Oxidase Coagulase Urease Indole Methyl Voge- Caesin Gelatin Citrate Fructose Glucose Lactose Mannitol Raff- Arab- Xylos-
No stain Red Proskauer hydrolysis hydrolysis production inose inose e+

1 + C + + + - - - - - + - - A A A A A A A
2 + S - + - - + + - - - + + A A A - - d d

Probable identification; - Isolate 1 = Micrococcus acidophilus                           
Isolate 2 = Streptococcus faecium
KEY
+  =    positive
-   =    negative 
C  =   Cocci 
S  =   Sphere   
A  =  Acid production
d  =   doubtful  

Discussion

The lethal effect of composted (six weeks) spent sorghum waste could be attributable to a number of

reasons:- 

C That decomposition is still in progress and the heat of decomposition produced as a result of microbial

activities during mineralization and degradation is high enough to burn off the fine roots including the root

hairs of the plant. This could have led to the loss of the major absorptive surface for water and mineral

salts and consequently leading to the death of the tomato plants.

C That the organic component of the brewery waste, (i.e. spent sorghum grains) has some toxic organic

pollutants that had not being fully detoxified i.e. completely biodegraded by the soils microbial community.

C That the presence of toxic heavy metal in the brewery waste supplement could adversely affect the young

tomato seedlings.

However, the possibility of toxic heavy metals playing any major role in he observed lethality of the

composted (six weeks) spent grains on tomato seedlings could be ruled out by the fact that the concentration

of some selected heavy metals in the effluents from the spent grains were comparable to that in the soil

sample. Moreover, the concentration of these heavy metals (in both garden soil and brewery waste samples)

was below the prescribed FEPA safe levels (FEPA, 1991). The 20 percent survival observed when tomato

seedlings grown in brewery waste supplemented soils were inoculated with Glomus mosseae could be due to

the enhancement of decomposition of organic waste and or biodegradation of the toxic organo-chemicals in

the brewery waste Funky (fungus, 2004). When more time is given to the spent grain for degradation, i.e. as

in the case of brewery waste allowed to compost for 12 weeks more nutrient is replenished into the soil,

degradation and detoxification is complete and survival is 100 percent in all treatments irrespective of

inoculation  and brewery waste supplementation. The better performance of the inoculated tomato seedlings

in supplemented  soils  is  an  attestation  of  the  earlier findings of previous workers that presence of

organic matter promotes mycorrhizal symbiosis (Osundina and Liasu 1996), with mycorrhiza and other soil

micro-organism  cooperating  in  degrading organic waste (Garbaye 1994). The observed level of minerals

(both  macro- and micronutrients) in brewery waste samples imply that soil supplementation with brewery

waste may provide `the necessary source of mineral nutrients for supporting plant growth. The only snag

though is the time it takes for to the environment in waste supplemented soils which is dominated by

conditions such as excessive heat and pH imbalance through bio-decomposition, and presence of toxic organo-

chemicals. The earlier the decomposition process is completed, the better the chances of brewery waste

supplementation supporting the growth of tomato. Hence, tomato seedlings grown in soils supplemented with

brewery waste that had undergone longer periods of composting showed better growth performance. Inoculation

with Glomus mosseae supported the growth of tomato in both supplemented and unsupplemented soils probably

through enhanced composting of organic matter and promotion of nutrient absorption. Many workers have

equally reported this three-way synergy of plant roots, AM fungi, and soil microbiota in the biodegradation

of toxic organo-chemicals (Barea et al, 2005). The isolation of Micrococcus `acidophilus and Streptococcus

faecium  from the composting medium may implicate them as the probable microbial agent of decomposition.
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Conclusion

Inoculation with Glomus mosseae promoted the establishment and growth of potted tomato seedlings in

soils supplemented with composted brewery waste (i.e. spent sorghum grains) probably through enhanced

decomposition and detoxification of the brewery waste supplement.
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