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ABSTRACT

The aim of the present study was to determine the decomposition rate of Sesbania aculeata 1.
by CO, evolution and to estimate Soluble Crude Protein (SCP) production by dominant decomposing
mycoflora of Sesbania aculeata L. Eight dominant decomposing mycobiota were selected for the
study. In the substrate induced respiration the significant difference was cbserved in both sterilized
and unsterilized substrate with the test fungi. The maximum CQ, evolution was observed with
Aspergillus niger in sterilized (16.04 pg day™) and unsterilized green manure (18.92 pg day ™). In
other experiment conducted for the estimation of soluble crude protein production Penicillium
citrinum has produced maximum SCP (26.54%) at 25°C followed by Trichoderma harzianum,
Aspergillus niger and Curvularia lunata whereas minimum soluble erude protein production was
observed in Penicillium rubrum (8.46%) at 3B°C. The maximum per cent biomass reduction
observed by Aspergillus niger (28.60%) at 25°C and minimum was found in FPenicillium rubrum
(3.80%) at 35°C. Among seven different nitrogen sources tested against FPenicillium citrinum, the
highest producer of SCP, potassium nitrate was found to be the best for maximum SCP production
{26.54%) whereas the least suitable nitrogen source for SCP production by Fenicillium citrinum
was recorded to be sodium nitrate (14.85%).

Key words: CQ, evolution, decomposition, green manure, Sesbania aculeala L., soil mycobiota,
soluble erude protein

INTRODUCTION

(Green manure crops are of vital concern particularly in the context of sustainable agriculture
{Nayyar and Chhibba, 2000). Use of Sesbania as a green manure crop 1s a common practice in
South Asia. Like most of the green manure crops, Sesbania belongs to the family Leguminosae
and its subfamily is Papilionoideae. Species of the genus Sesbania are known for exceptionally
fast growth rates as well as a very high affinity for asscciation with several nitrogen-fixing
Rhizobia in the scil that cause formation of numerous and large nodules in the plant roots
{(Hafeez et al., 2007).

The rates of CC, evolution from soil are generally considered as a measure of metabolic activity
of the soil biota. This soil respiration generally means the CQ, produced by soil fauna, microbes
{501l inhabiting fungi, bacteria and actinomycetes) and flora including root respiration. The
relationship of rate of decomposition and CO,evolution is well established phenomenon (Witkamp,

172



Int. oJ. Agric. Res., 6 (2): 172-179, 2011

1966a, 1969; Okeke and Omalike, 1992). When fresh organic matter is added to the sal it
invariably undergoes decomposition to yield carbon dioxide as its major product. The rate of
degradation of organic material depends largely on its chemical composition. Usually organic matter
with higher nitrogen content and narrow C/N ratic undergoes faster decomposition than the cone
with poor nitrogen content. The addition of excess nitrogen to the organic residues with wider C/IN
ratio increased their rate of decomposition and CO, evolution (Pernas, 1975). Bajpai ef al. (1980)
studied decomposition of paddy straw, Dhaincha and their mixture (1:1) in viire under low
temperature conditions of winter in normal and saline sodie soil. A burst in CO,, evolution oecurred
after 3 days of incubation with all plant materials in both scil types. Decomposition in terms of CQ,
evolution and nutrient release was highest in normal soil. Maximum CQ, evolution occurred
after 90 days in mixture, Dhaincha+paddy straw (1:1) decomposed at slowest rate in their study.
Zaccheo et al. (2002) during their studies on decomposition of organic residues in soil used DRIFT
{diffuse reflectance infrared Fourier-transform) spectroscopy to follow the early transformations
that take place after the incorporation of organic materials in scil. Lucerne (A), Dried Maize (DM),
laboratory-composted maize (CM) and two commercial composts (YWC and MWC) confined into
glassfibre bags were incubated by them in sand with and without planting with lettuce in their
study. DRIFT spectra of these materials before and after incubations were correlated with CO,-C
evolution and mass, carbon and nitrogen halances. Joseph ef al. (2006) conducted a field
experiment to study the decomposition rate of green manure (Sesbania aculeata) by various stages
and methods of its incorporation under intercropped wet-sown rice. Bedi ef al. (2009) have studied
on CQ, evolution in soils from green manures (including Sesbania aculeata 1.), compost and
nitrogen fertilizer under asrobic and anaerobic conditions. They reported higher cumulative CO,
evolution was shown by green manures dhaincha+50% N+ compost and lowest CO,, evolution was
found in case of recommended N, under both the conditions.

Kahlon et al. (1980) reported the Soluble Crude Protein (SCP) production by different
cellulolytic fungi viz., Chaetomium cellulolyticum, Rhizoctonia betaticola, Chaetomium globosum
and Myrothecium verrucaria while using agricultural waste (wheat straw) as substrate. It was
recorded that Chaetomium cellulolviicum gave highest percentage of protein (19.30%) whereas the
highest carboxymethyl cellulose (CMC) activity was observed in case of Rhizoctonia betaticola.
Sekhon (1975) reported that Chaetomium thermophile was found to produce maximum SCP when
grown on delignified wheat straw. Bioconversion of delignified rice straw by eight different fungal
species viz., Myrothecium verrucaria, Curvularia lunata, Sclerotium rolfsii, Fusarium equiseti,
Helminthosporium maydis, Helminthosporium tetramera, Chaetomium globosum and Chaetomium
cellulolyticum was studied by Dhillon et al. (1980). During their study highest SCP was observed
by Chaetomium cellulolyticum (32.1), Hobbie et al. (20032) also studied SCF production using
delignified agricultural by-products as substrate. Vibha and Sinha (2005) evaluated six
cellulolytic fungi wiz., Trichoderma harzianum, Penicillium citrinum, Curvularia lunaia,
Aspergillus flavus, Alternaria alternata and Aspergillus niger on rice stubble for SCP production.
Trichoderma harzianum gave highest SCP production which was significantly superior to other
fungi.

MATERIALS AND METHODS

This study has been conducted from 2008 to 2010,

For the study the decomposition of Sesbania aculeata L. in experimental conditions by soil
mycobiota, the material was collected after harvesting of the Sesbania crop from the experimental
site (Agricultural farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi-
221005), The whole study was categorized under two steps:
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Study about the role of dominant decomposing mycoflora

Determination of decomposition rate of green manure by some dominant mycoflora by
CO, evolution: The rate of decomposition of the green manure by selected dominant fungi in
terms of CO, evolution was determined by the method described by Witkamp (1966b). The green
manure was obtained from the experimental field and collected in sterilized polythene bags and
brought into laboratory for the experiments. Green manure was cut in to small pieces (2 em) and
mixed properly. Six grams of green manure pieces were transferred into a BO0 mL Erlenmeyer
flasks containing 100 g moist sand (25-30% moisture) and were mixed together to sterilized at
121°C. Another batch of flasks containing moeist sand only was sterilized; in these flasks 6 g
unsterilized green manure pieces were mixed. The flasks incculated individually with 1 mL
standardized spore suspension (1.25x10* spores/cell mL ™) of the selected test fungi in triplicate,
control were prepared by inoculating the flasks with sterilized distilled water. The flasks were
incubated at room temperature (28+£2°C) for four weeks and thereafter CO, evolution was measured
by the following method.

Cotton wool plugs were removed from mouth of the flasks and a small test tube (10x1.1 cm)
containing 5 mL of 0.5 N KOH solution was inserted inte a flask under aseptic conditions. The
mouth of the flasks was tightly closed by rubber cork and CO, absorbed at every 48 h interval was
titrated with 0.1 N HCI using phenolphthalein as an indicator. The estimation of CQO, evolution,
from both sterilized and unsterilized green manure substrates, was done continucusly for 10 days
at 2 days (48 h) interval. After every estimation fresh 0.5 N 5 mL KOH was inserted to the flasks.
The results were expressed as pg CO, evolution per day.

Estimation of Soluble Crude Protein (SCP) production by dominant mycoflora: The
soluble crude protein production by dominant decomposing mycoflora was estimated by the
procedure described by Dhillon ef al. (1980). Air dried green manure (100 g), was cut in 2-3 emin
length and autoclaved with 1.8 L of 1% Sodium hydroxide (INaOH) at 121°C between 15-20 lbs for
1 h. After squeezing through nylen cloth the green manure was theoroughly washed with distilled
water till neutral and dried at 60°C . The pre treated and dry green manure ground to 60 mesh
and was used as sole source of carbon.

Basal synthetic medium described by Chahal and Grey (1969) was used and selected dominant
fungi were grown in 50 mL of the basal synthetic medium and 500 mg delignified green manure.
Four 250 mL Erlenmeyer flasks of each culture were incubated on rotary shaker at five different
temperatures viz,, 15, 20, 25, 30 and 35°C to test the effect of different temperatures on soluble
crude protein production by dominant decomposing fungi. Five days after incubation the content
of the flasks was filtered through tarred Whatmann filter no. 1 to determine the weight of the
fungal mycelium and undigested cellulosic material. The dried biomass was analyzed for its
nitrogen content using Kel plus auto-analyser. The nitrogen content was multiplied by 6.25 factor
for the calculation of scluble crude protein. Seven different sources viz,, Ammonium nitrate,
ammonium sulphate, ammonium chloride, ammonium dihydrogen phosphate, potassium nitrate,
sodium nitrate and urea were tested against highest SCP producing test fungus to find out the most
suitable nitrogen source for soluble crude protein production. Each of the nitrogen scurces was
added in equivalent to 400 mg of nitrogen/L of medium used during the study.

Statistical analysis: The data obtained from CO, evolution was analyzed using CRD design and
the data for the effect of different temperatures on soluble crude protein production and per cent
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biomass reduction during soluble crude protein production was analysed using factorial RBD
{Two factors fungixtemperature) and the results were expressed in terms of LSD (least significant
difference).

RESULTS

Rate of Green manure decomposition by some dominant mycoflora in terms of CO,
evolution: Table 1 and 2 showed that the CO, evolution was high in unsterilized green manure
substrate as compared to sterilized substrate. The significant difference was observed in both
sterilized and unsterilized substrate with the test fungi. The maximum CO, evolution was

observed with Aspergillus niger in sterilized (16.04 pg day™) and unsterilized green manure
(18.92 ug day™).

Table 1: Estimation of rate of decomposition of Seshania qculeata L. sterilized green manure by dominant decomposing fungi in terms

of COy evolution (ug day™?)

CQO, (ug) evolution in sterilized green manure

Dominant fungi 2DAI 4DAI BDAI 8DAI 10DAI (ug day )
Aspergillus niger 34.32 34.32 36.96 32.12 22.66 16.04
Aspergillus flavus 32.89 32.67 32.89 27.17 16.50 14.21
Aspergillus fumigatus 27.39 26.62 30.47 18.15 15.84 11.85
Trichoderma harzianum 33.77 32.01 34.32 26.06 21.12 14.73
Penicillium citrinum 28.71 28.16 20.81 28.38 27.61 14.27
Penictllium rubrum 26.73 26.07 20.81 24.42 18.81 12,58
Cladesporium cladosportoides 2297 20.79 23.87 19.36 8.14 9.49
Curvularia lunata 23.54 25.85 22.22 9.68 8.58 8.98
Control 7.92 7.59 11.66 6.49 2.64 3.63
SEm+ 0.66 0.45 0.87 0.49 0.50 -
LSD (p=0.05) 212 1.44 2.77 1.58 1.60 -

DAI: Days After Insertion of KOH

Table 2: Estimation of rate of decomposition of Sesbania aculeaia L. un-sterilized green manure by dominant decomposing fungi in terms

of COy evolution (ug day™)

COq (ug) evolution in un-sterilized green manure

Dominant fungi 2DAT 4DAL 6DAT 8DAIT 10DAT (ug day™)
Aspergillus niger 39.16 39.24 39.94 35.42 35.42 18.92
Aspergillus flavus 35.20 37.40 32.56 32.56 33.44 17.12
Aspergillus fumigatus 34.43 34.98 30.47 30.47 35.97 16.63
Trichoderma harzianum 34.10 34.54 36.19 31.35 32.94 16.91
Penicillium citrinum 36.74 37.95 39.49 3211 30.60 17.70
Penictllium rubrum 36.19 36.19 33.44 3211 33.88 17.18
Cladesporium cladosportoides 25.62 32.67 22.77 30.36 23.43 13.48
Curvularia lunata 18.29 18.48 24.30 16.61 14.74 9.24
Control 10.34 11.13 11.44 8.36 10.23 5.15
SEm+ 1.54 0.26 0.24 2.26 1.77 -
LSD (p=0.05) 4.93 0.83 0.76 7.24 5.67 -

DATI: Days After Insertion of KOH
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Soluble crude protein production by dominant decomposing fungi: The data on soluble
crude protein production by eight selected dominant decomposers is presented in Table 3. Eight
cellulolytic fungi were tested on delignified cellulose of green manure as a carbon source. The
interaction between test fungi (dominant decomposers) and temperature was found significant. The
maximum SCP production was recorded at 25°C by the dominant fungi. Maximum soluble crude
protein was produced by Penicillium citrinum (26.54%) at 25°C and minimum was found in
Pentetllium rubrum (8.46%) at 35°C. The SCP production capacity of cellulolytic fungi was found
in order of Penicillium citrinum (26.54%) >Trichoderma harzianum (22.75%) > Aspergillus niger
(22.16%) > Curvularia lunata (20.76%) > Penictllium rubrum (20.18%)>Aspergillus fumigatus
(18.55%)> Aspergillus flavus (18.43%)> Cladosporium cladosporicides (17.44%) at 25°C,

The data presented in Table 4 shows the maximum per cent biomass reduction observed by
Aspergillus niger (28.60%) at 25°C and minimum was found in Penictliium rubrum (3.80%) at
35°C. The order of the per cent biomass reduction by dominant decomposing fungi was recorded

Tahble 3: Effect of different temperatures on soluble crude protein (%) production by dominant green manure decomposing fungi

Temperature

Dominant fungi 15°C 20°C 25°C 30°C 35°C
Aspergillus niger 15.70 20.65 22.16 20.76 15.86
Aspergillus flavus 9.51 16.45 18.43 16.68 14.64
Aspergillus fumigatus 13.60 14.94 18.55 19.66 14.52
Trichoderma harzianum 11.66 16.22 22.75 19.78 15.00
Penicillium citrinum 12.42 21.40 26.54 21.93 15.40
Penictllium rubrum 10.96 14.76 20.18 17.85 8.46
Cladesporium cladosporioides 11.26 12.65 17.44 14.12 12.31
Curvularia lunata 9.27 14.35 20.76 14.94 13.30
Control 5.78 6.30 7.18 6.48 5.95
LSD ¢p = 0.05) Fungi 0.35 - - ; -

LSD (p = 0.05) Temperatire 0.26 - - - -

LSD (p = 0.05) Fungi x Temperature 0.78 - - - -

Table 4: Percent biomass reduction of Sesbania aculeata L. substrate during soluble crude praotein production by dominant decomposing

fungi
Temperature
Dominant fungi 15°C 20°C 25°C 30°C 35°C
Aspergillus niger 12.54 22,70 28.60 23.65 18.60
Aspergillus flavus 8.90 15.90 20.80 18.70 12.40
Aspergillus fumigatus 6.30 14.30 17.50 16.20 15.90
Trichoderma harzianum 12.60 19.65 22.80 20.45 14.50
Penicillium citrinum 12.40 24.20 27.80 25.60 19.45
Penictllium rubrum 10.40 16.80 20.40 14.30 3.80
Cladesporium cladosportoides 11.20 17.50 21.20 19.10 8.70
Curvularia lunate 11.50 15.25 19.30 17.60 13.65
Control 1.80 5.40 7.80 6.35 1.20
LSD ¢p = 0.05) Fungi 0.22 - ; ; ;
LSD (p = 0.05) Temperatire 0.16 - - - -
LSD (p = 0.05) Fungi xTemperature 0.49 - - - -

Dry weight of substrate + fungal mycellium
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Table 5: Effect. of different nitrogen sources on SCP* production by Pericillium citrinum

Nitrogen source Dry weight (mg) SCP (%) SCP (mg g ! of substrate)
Ammonium nitrate 358 25.95 259.00
Ammonium Sulphate 326 17.54 175.40
Ammonium chloride 365 21.14 211.40
Ammonium dihydrogen phosphate 372 23.64 236.40
Potassium nitrate 386 26.54 265.40
Sodium nitrate 378 14.85 148.50
Urea 396 21.50 215.00

*Soluble crude protein

at 25°C as Aspergillus niger (28.60%)>Fenicillium citrinum (27.80%)>Trichoderma harzianum
(22.80%)>Cladosporium cladosporioides (21.20%)> Aspergillus flavus (20.80%)>FPenicillium
rubrum (20.40%)> Curvularia lunata (19.30%)>Aspergtlius fumigatus (17.50%).

Among seven different nitrogen sources tested against Penicillium ctirinum, the highest
producer of SCP, potassium nitrate was found to be the best for maximum SCP production (26.54%)
whereas the least suitable nitrogen source for SCP production by Fenictllium citrinum was
recorded to be Sodium nitrate (14.85%) (Table 5) Similar results were reported by Dhillon and
Chahal (1978) and Vibha and Sinha (2005).

DISCUSSION

Table 1 and 2 suggested that the more CO, release took place in un-sterilized condition perhaps
due to the presence of mixed species of green manure decomposers. The CO, evolution was
significantly higher in Aspergillus niger in both conditions due better adaptability and utilization
pattern of the substrate. CO, flux is an indicator of decomposition rates and activities of the
microbes involved in the decomposition of substrate. Amendment with corn stover increases the flux
and cumulative CQyrelease compared with the un-amended (FPangga et al., 2000; Saha ef al., 2003,
Johnson et al., 2004; Saha and Hajra, 2004; Chandra et af., 2007). CO, evolution in soil from green
manures (Sesbania aculeata L.) has been investigated by Bedi ef al. (2009), They found highest
cumulative CO, evolution by Sesbania aculeata + 50% nitrogen + compost and lowest CQO, release
was found in case of recommended dosages of mitrogen under both aercbic and un-aerobic
conditions.

Table 3 suggested that the Penicillium citrinum was potential producer of soluble crude protein
at. 25° while Penictllium rubrum produced minimum per cent of soluble crude protein at 35°C.
Similar results were earlier reported by Chahal and Grey (1969), Dhillon et al. (1980) and Vibha
and Sinha (2005). Rapid and higher production of SCP by fungi from delignified cellulose may be
due to availability of amorphous form of cellulese owing to delignification with sodium hydroxide.
Punj et al. (1971) from their detailed studies of decomposition of delignified cellulose reported that
delignification of residue with sodium hydreoxide results in the increase in amorphous form of
cellulose which is readily attacked by fungi. Dhillon et al. (1980) reported similar reason for
increase in SCP from delignified cellulose with sodium hydroxide. Iyayi (2004) reported highest
increase in per cent protein obtained with Aspergilius niger, A. flavus and Penicillium sp. when
agro-industrial by products were separately incculated with these fungi.

The data presented in Table 4 shows that the fungi have different ability of production of
fungal biomass and utilization of green manure substrate. The maximum per cent biomass
reduction observed by Aspergillus niger (28.60%) at 25°C and minimum was found in Pernicillium
rubrum (3.80%) at 35°C. This is consistent with the finding of Chahal and Grey (1969) and Vibha
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and Sinha (2005). The data given in the Table 5 revealed the effect of different nitrogen sources
on the soluble crude protein production by Pentctllium citrinum, During the experiment potassium
nitrate was recorded best nitrogen source whereas sodium nitrate was found poorest nitrogen
source for soluble crude protein by Penteillium ciirtnum. Similar results were reported by Dhillon
and Chahal {1978) and Vibha and Sinha (2005). In their experiment on soluble crude protein
production, Vibha and Sinha (2008) tested eight different nitrogen sources against Trichoderma
harztanum and reported almost similar results.
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