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Kingdom: Plantae
Class: Ascomycetae 22"
Order: Endomycetales
Familyl: Saccharomycetaceae
Sub family1: Schizosaccharomycoideae
2: Lipomycetoideae
3: Nadsonioideae
4: Saccharomycoideac
Genusl: Schizosaccharomyces 4+
2: Lipomyces (2)
3: Nadsonia 2)
Hanseniaspora 3)
Saccharomycodes (1
Wickerhamia (-
4: Saccharomvces 41
Pichia (35)

“indicates number of genera ;+ indicates number of species
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Hansenula (25)
Kluyveromyces 18)
Debaryomyces (18)
Scharonniomvces 4)
Dekkera )
Citeromyces )
Lodderomyces (1)
Pachysolen m
Saccharomycopsis )
‘Wingea 1

Family2: Spermophtheraceae

- Genusl: Metschnikowia (3)+
2: Nematospora (1)
3:.Coccidiascus ()

Family3: Endomycetaceae

Genusl: Endomycopsis (10)+
1. Baillistosporogenous yeasts (&)
Class:Basidiomycetae 3)*

Family: Sporobolomycetaceae
Genusl: Sporidiobolus

2: Sporoholomyees
3: Bullera

4: Rhodosporidium
.5: Leucosporidium

Ill. Asporogenous yeast
L Class: Deuteromycetae (12)*
( A d v ) - - . -
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Order: Moniliales
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2: Torulopsis i36)
3:Cryptococcus (17)
4: Rhodotorula [0))
5: Trichosporon (8)
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7: Kloeckera 4)
8: Pityrosporum . 3)
9: Qosporidium (1
10: Schizoblastosporion i
11: Sterigmatomyces (1)
12: Trigonopsis (hH
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3. Class: Ciliate (or Ciliates) Slagl G
4. Class: Sporozoa (or Spore-forming parasitic forms)
Sba gl Ca
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Table 8 : Microorganisms producing lytic enzymes and species

susceptible to these enzymes
Lytic Organi S ptible to lysis Resistant to Lytic Species
Bactcriolytic organisms
Aeromonas Bacillus, Clostridium Pseudomonas, Salmonella
Chalaropsis Streptococcus Corynebacterium  Mycobaterium. Proteus
Flavob: ium  Pedi Staphyl. Micr

Myxobacterium  Arthrobacter, Micrococcns Arthrobacter, Escherichia

Sorangium Bacillus, Sarcina Rhizobium, Xanthomonas

Streptomyces Corynebacterium, Bacillus Streptococcus, Sarcina
Mycolytic organisms

Agrobucterium Achlya, Pythium e

Bacillus Alternaria, Penicillium Pythium. Saccharomyces

Pseudomonas Fusarium Rhizoctonia

Streptomyces Aspergillus, Sclerotium Cludosporium, Rhizoctonia

Streptomyces Mucor, Penicillium Alternariu, Helminthosporium

verticillium Hemileia, Puccinia e
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Table 9 : Food choices of predators with broad and narrow

prey specificities

Predator

Prey

Dictyestelium discoideum

Nonfasitidious Predators
Aerobacter, Bacillus.
Flauobactrium. Micrococcus,
Pseudomones

Dimorpha Flagellates, unicellular algae |

Mayorella bigemma Ciliates, diatoms, flagellates.
nematodes, rhiaopods.
rotilers :

Noctiluca Distems, dinoflagellates.
metazoa

Oxyrrhis marina

Chrysuphyta. Chlerophyta.
Crypcophyta, Rhedophyta,
Bacillariophyta

Uronychia transtuga

Algae. bactria, ciliates
Faotudious ciliates

Actinobolina radians
Didinium nosutum
Woodruffia metabolica
Nassula citrea

- Oacillatoria filaments

Halteria
Paramecium
Paramecium
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Table 10 : Predator consumption rates

No. of Prey
Predator Prey
Consumed
Tetrahymena
Amoeba proteus . 28-47/hr
pyriformis .
Didmrum risutum . 5/cell division*
paramecium aurelia
Leurophryl patus Glaucoma pvrtfonnis | 50/cell division
Paramecium caudatum | Bacillus subtilis 18,000/cell division

* The number of cells consumed in the time required for an individual

predator to give rise to two daughters.
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Fig (4) : Fluctuations in population density of paramecium

bursaria feeding on schizosaccharomyces pombe in

vitro
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Fig 6 : Deveolopment of Bdellovibrio bacteriovorus on Erwinia
amylovora.
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Table 13 : Composition of Crude organic Manures and and
Composts

As a percentage of total dry matter
ddlall sl e %

Crude Wastes Mineral | Organic
matter | Matter

N P05 | KyO

Farmyard manure

36 64 2.2 1.6 2.0
Raw sludge 49 51 24 13 03
Digested sludge 56 H 26 22 04
Pl'.|lvenzed‘town rf:fuse 55 45 0.89 062 043
Fine dust from refuse % 2 0.48 0.29 _

Sewage sludge-refuse

50-55  4s-50 4.0-1.3 0.5-0.6 0.3-0.35
composts

Table 14 : Composition of Organic Matter

% In dry weight
Plant Manures

Fraction

Hot /cold water solubles - sugars, starches,
amino acids, aliphatic acids, urea, and 5-30 2-20
ammonium salts.

Ether/ Alcohol Solubles - fats, oils, waxes,

and resins. 5-15 1-3

Proteins 5-40 5-30
Hemicelluloses 10— 30 15-25
Cellulose 15-60 15-30
Lignin 5-30 10-25

Minerals (Ash) 1-13 5-20
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Table 15 : Some Nitrogen Contents and carbon / Nitrogen
Ratios of ompostible Materials

. Nitrogen % dry .
Material weight basis C/N ratio

Dried blood 10-14 (3-4):1
Urine 15-18 08:1
Hoof and Horn meal 12.0 —_—
Night soil , Dung 55-6.5 8:1
Bone Meal 4 8:1
Brewers wastes 3-5 15:1
Farmyard manure 22 . 14:1
Water hyacinths 22 20: 1
Pigeon Pea stalks 07t 70: 1
Millet stalks 0.7 70:1
Wheat straw 0.6: 80:1
Coconut fiber waste 0.5 300:1
Rice straw 0.4+ 100:1
Sugarcane trash 03 150: 1
Fish scrap 6.5-10 —_—
Purslane 4.5 8:1
Poultry manure 44
Young grass clippings 4.0 12:1
Fresh sewage (dried) 35-40
Sheep manure 34
Amaranthus 3.62 11:1
Cabbage 3.58 12:1
Tomato 3.33 12:1
Cow manure 3.1
Tobacco 2.99 13:1
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Onion 2.63 15:1 |
Pepper 2.56 15:1
Cocksfoot 2.54 19;1
Lucerne 24-3.0 (20-16): 1
Sewage sludge(Dried) 27 10:1
Kentucky bluegrass 241 19:1
Turnip tops 232 19:1
Pig manure 22

Buttercup 2.17 23:1
Grass 4.0 20:1
Ragwort 2.15 21:1
Raw farbage 2.0 25:1
Seaweed 1.92 19:1
Red clover 1.76 27:1
Horse manure 1.7

Whole carrot 1.57 27:1
Mustard 1.51 26: 1
Potato tops . 1.48 25:1
Fern 1.13 4301
Oat straw 1.03 48:1
Whole swede turnip 1.0 4401
Flax waste (phormium) 0.97 58:1
Timothy 0.86 58:1
Browntop 0.86 55:1
Wheat straw 0.32 128 : 1
Rotted sawdust 0.35 208 : 1
Raw sawdust 0.11 510:1
Paper nil infinity
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Table 16 : Some properties of cellulolytic enzymes isolated
from Trichoderma viride

Activity toward different
substrates

Point

Type of Enzyme

Mdlecular
weight

Isoelectric

carbohydrate
Content (per cent)
CMC
microcrystalline

Cellulose

Reprecipit ated
celluose
Cello-tetraose

Exo-f-1,4-glucanase 42000 | 3.79 9 |—| + + +
2500 | 4.60 | 21 | — + +

Endo-f-1,4-glucanasel
Endo-f-1,4-glucanasefl | 50000 | 339 12 |+ | — + +

B-Glucosidase 47000 | 574 00 |—} — J— +

A byl Jadd o Aaiiue il 3 cu gl Al

A jra 3y U L il el A0 (S oy Aals)

3 e il y e Lad Synergistic  properties Adadall Lalliadd
AV 85y
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Table 17 : Relative cellulose activities of the components of
Trichoderma koningii cellulose alone and in

combination

Enzyme Relative cellulose activity %
C <1
Cx(1) <1
Cx(2) <1
B-Glucosidase (1) 0
B-Glucosidase (2) 0
Ci+ Cx(1) + Cx(2) 24
C;+ B-Glucosidase(1+2) 5
C,+ Cx(1+2)+ B-Glycosidase(1+2) 103
20 — 80 %sat. (NHy), SO, Fraction 100

Sl Jhaall ey 3Y1 Ul S o goal Al s g
22 Soal Jsladl of < Cultural solution g )3 Jitw e <y yal
3,8 De- waxed cotton aedll 4ia Jjall Gl 3Uas Cual 3 ol
A3 e iS5l el Jp bl of s (e %o,
=5 s L& %20 5,5 Lis Jla Exo & endoglucanases ¢yl jaal
S bl Jptadl o s gyl (e VA o8y i
G U=S e Dl cluasll el (5 6iay S Reconstituted solution
Original g-\_-a'\li & 23 Js—sa Jia Endo - and exoglucanases
: . cultural solution
I e a2y o ey
Sl (8 3sn 30 e g8 ) Bla A 152 50 Endo - exoglucanases
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. Crystalline cellulose

Table 18 : Degradtion of cotton cellulose by enzymes from
Sporotrichum pulverulentum.

Enzyme Preparation Cd::':-?;;tdlzﬁs“zﬁz;"’"
Concentrated cultural solution:. 52.1(oxygen atmosphere)
Concentrated cultural solution 21.5(nitrogen atmosphere)
Mixture of endo — and exoglucanases 20.0
Endo — f - 1,4 — glucanase 0.0
Exo - f§ — 1,4 — glucanase 0.0

O Y o Al Oa sn Ao Dabaa giani 5 Leie,
e Yo %215 ) o oL Qa3 daa o day ¢ el sl
a1 e i aily . Sl g 30 Jslae Ula 8 %52.1
3 1 by kbl Qs dglee (3550 A IS Uikl L3
il \,SH‘ il yhail Cultural solutions g 533 Jillas’ 4 2 5
(V9 A Jdsaa) jsblull
Sdien lee 35 bl st J Ly S Ly Ja B e
Synergistic  Jar—3Tl Juill 5o 7 guia g Culill o 2N ST g ghad 3
e athd ¢ 2l 343, Eexo - and endo glucanases — oy Lasd effect
W Jelil oy e jamalull s aliall B-glucosidase 142
sle suct @llia y . Exoglucanase 3 Jac byl ) 48 5 53 Y
Al 13 a g 3 Ly (V6 6y 0S2) bl S a3 Jaid
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{Unnamed enzyme) X e il K30 (3 4l JLaall 33yl y . Siedd
sl e ualll Juads Extracellular oaola a3 plas oo 5 jle

Table 19 : Degfadation of cotton cellulose by cell — free,
concentrated cultural solution of four different
cellulose — degrading fungi in presence and

absence of oxygen

Cellulose degradation (weight loss %)

Organism Oratmosphere N, ohore
Sporotrichum pulverulentum 52.1 21.5
Polyporus adustus 42.6 18.0
Myrothecium verrucaria 33.6 17.0
Trichoderma viride 20.0 10.0

Polyporus versicolor Jia i ylill any o 32 g 368 La ey

sudy . Lignocellulose owiallls Jadijall 5 Ll Jidat e 5 il L)

Jatas gy il W ALYl 56 g pSaal ada o Gl e olly
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g pSall G g aadl ey

7l gl S0 A pumall S Jall Complete oxidation ALISY
321 ALS e S m haie Jadi sl bl Al
Succinic , Acetic: Jia Ay gl aleal¥) (e 308 ClaaS oS 558 Gy
g\j =S e ae o856 WS L W ey Lactic . Formic , Butyric,
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roslia) a ilbiunle st ¥
Micromonospora, Thermoactinomyces, Thermomonospora,
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s okia ) i iy yld - £
Myrothecium, Sporotrichum, Alternaria, Fusarium,
Penicillium,Aspergillus, Chaetomium, Trichoderm
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Classification of Pectinolytic enzymes

A: Esterase

Pectin esterase,”PMGE”, EC 3.1.1.11. de-esterifies pectin to
pectic acid by removal of methoxyl residues.

(S.n): Pectin pectylhydrolase

(R.n): polymethylgalacturonate esterase

B: Depolymerases

1 -~ Acting on pectin:

1.1 Polymethylgalacturonase "PMG™

1.1.1. Endo - PMG Hydrolyses pectin in a random fashion.
(R.n): Endo polymethyl gala cturonase

1.1.2. Exo - PMG hydrolyses pectin in a sequential fashion.
(R.n.): Exopolymethyl galacturonase

1.2: Poymethyl galacturonate lyase."PMGL"™

1.2.1. Endo — PMGL,EC4.2.2.10,causes random cleavage in
pectin by a transelimination process.
(R.n.): Endopoly methylagal cturonate lyase (endopectin
lyase). )

1.2.2. Exo — PMGL causes sequential cleavage in pectin by a
transelimination process.
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(R.n): Exopolymethyl galacturonate lyase (exopectin
lyase)

2 - Acting on pectic acid (polygalacturonic acid):

2.1 Polygalacturonase (PG)

2.1.1. Endo - PG,EC 3.2.1.15 , hydrolyses pectic acid in a
random fashion.

(R.n.): Endopolygalacturonase

2.1.2. Exo - PG -1, EC 3.2.1.67, hydrolyses pectic acid releasing
D-galacturonate; i..e,. hydrolyses successive bonds.

(R.n.): Exopolygalacturonase.

2.1.3. Exo - PG-2, Ec3.2.1.82, hydrolyses pectic acid from non-
reducing end releasing digalacturonate; i.e.. hydrolyses
alternate bonds.

(R.n.): Exopolydigale cturonase.

2.2 : Polygalacturonate lyase (PGL)

2.2.1. Endo — PGL. EC 4.2.2.2., causes random cleavage in
pectic acid by a transelimination process.

(R.n.): Endopolygalacturonate lyase (endopectate lyase)

2.2.2. Exo — PGL, EC 4.22.9, causes sequential cleavage in
pectic acid by a transelimination process.

(R.n.): Exopolygalacturonate lyase (exopectate lyase)

3 -Acting on oligo — D — galactosiduronates:

3.1  :Oligogalacturonase-{OG)

OG hydrolyses oligo — D — galactosiduronate
(R.n.): Oligogalacturonase

3.2 :Oligogalacturonate lyase (OGL)
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OGL, EC 4.2.2.6, causes cleavage of oligo - D-
galactosiduronate by a transelimination process.

(R.n.): Oligogalacturonate lyase

N.B: All depolymerizing pectic enzymes produce reducing
groups on substrate hydrolysis.

folt LS ¥ alaa o) a6 a3 Judl) passhh (S @l o
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Pectic acid P—G) galac ronicacid

Pectinor pecticacid—ggs—es—)productsfromgalacturoﬂc acid
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Enzyme Fungi Bacteria
Polygalacturonase Aspergillus, | Bacillus, Erwinia
Endo —Or Exo-enzymes | fusarium Pseudomonas
Penicillium, | Xunthomonas
Rhizoctonia | Arthrobacter
Monilia
Rhizopus
Pectate lyase Fusarium. Arthrobacter, Bacillus
Endo - or Exo —enzymes | Geotrichum. | Clostridium, Pseudomonas
Rhisoctonic Croynebacterium, Flavobacterium
PMG Aspergillus.
Only Endo —enzyme Botrytis.
Fusarium,
Rhizoctonia
Pectin lyase Aspergillus. | Arthrobacter.
Only Endo - enzyme Penicillium. | Clostridium.
Fusarium. Corynebacterium.
Rhizoctonia | Micrococcus.
Flavobacterium. Xanthomonas.
Pectinesterase Alternaria Clostridium
Fusarium Pseud Xanth
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Microbial Transformations of Nitrogen compounds in Soil
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Table 21 : Biological agents that fix N,

A/ Free — living diazotrophs

[ | Heterotrophs Autotrophs
1: Phototrophs
Azotebacteraceae A:Oxygenic (Blue-green aglae)
1. Azorobacter a. Unicellula
2|2, Azomonas 1. Gloeocapsa
§|3. Beijerinckia 2. Synchococcus
< 4. Derxia 3. Myxosarcina
5. Azotococus |
o ¥ Spirillaceae b.Filumentous, non-heterocystous
iE1 L. Azospirillum - 1. Spirulina ‘
§'! 2. Aquaspirillum 2. Lynghya !
2 l 3. Campylobacter 3. Plectonema
g1 4. Phormidium
§ 5. Oscillatoria
6. Pseudoanabaena
¥ a: Bacillaceae c.Filamentous and heteocystous
Bacillus . Anabaena 5. Tolypthrix
@ ¥  b: Enterobacteriaceae 2. Aulsira 6. Scytonemu
2 1. Klebsiella 3. ‘Nostoc 7. Fischerella
= 2. Enterobacter 4. Calothrix 8. estiellopsis
2 3. Enchenichia .
= 4. Erwinia B: Anoxygenic:
5. Citrobacter a: Rhodospirillaceue
__|Rhodospirillum, Rhodopseudomonas
# Bacillaceae Rhodomicrobium
, .E 1. clostridium . b Chromatiaceae -
e 2. Desulforomaculum| Chlorobiaceae
L8l Chromatium , Thiocystie
2 1. Desulfovibrio Thiocapsa . Amocbobacter
E 2. Methanobacterium|  Ectothiorhodospira
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Table 25 : Gas Produetion from animal excreta

1- Piggery waste: Slurry from fattening pigs on dry barley feed .

Detention time 10 -- 15 days . Gas 0.300 m*Kg "' TS
7 days 0.284
S days 0.240
3 days 0.170

Below 25°C and above 45°C gas production falls off rapidly .
Total solids in slurry 2-6.5 per cent .

2- Poulty waste . from caged layers, no letter, slurried with water to
- required TS.

Detention time 20 days . Gas 0.380 m* kg TS
15 dayes 0.362
At 4% TS slurry, gas 0.480 m’ kg™ .TS 6%

Gas 0.3789 m', 12% gas 0.291m".probably due to NH; inhibition at
higher TS.

3- Fattening cattle waste, Slurry from cattle on variety of mixed feeds .

Detention time 20 days . Gas 0215 m'kg' TS
10 days 0141

At 5 percent TS slurry , gas 0.189 m® kg™ .

TS, 8 percent , gas 0.258 m’

10 percent, gas 0.264 m® .Possibly due to low NH; in Slurry of low TS

4- Dairy cattle waste . Slurry frow cows on silage — concentrate feed .
Detention time 21 days . Gas 0.206 m* kg™ TS at 35°C.
20 days 0.172 m’ kg TS at 25°C.
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Table 26 : Biogas Production from some Vegetable wastes

Substrate Gas (m’ kg TS) Methane(%)
Grass hay 0.462 54
Kale 0.440 : 60
Sugar beet leaves 0.380 66
Maize 0.500 65
Oats 0.470 54
Wheat straw 0412 58
LLake weed 0.380 56

Slurry 5 percent TS, temp. 37°C, total reaction time 17-36 days.

Whuaiy addll e Z23U il il aal : YV QB g

(%) il Sl
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1.- Viruses , e.g . , Poliomylitis , Hepatitis ,
2.- Bacteria , e.g ., Salmonellae , Shigellae ,

Escherichia coli, Mycobacterium tuaberculosis Leptospira
3.- Protozoa , e.g . , amoebic dysentery
4.~ Helminths, e.g . , round , pin , tape hook worms .
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Table 29 : Taxonomy of Methanogenic bacteria*

ORDER FAMILY GENUS SPECIES
M. formicivm

Methanobacterium | vf bryantii

M. thermoautotrophicum

M, jales | Me "
M. ruminantium
Methanobrevibacter | M, arboriphilus
M. mithii
M. vannielii
Mett I Meth Methanococcus
M. voltae
Methanomicrobuun | M. mobile
M. cariaci
Y vae | Meth pnitin
M. marisnigri
Methanomicrobiales

Methanospirdium | M. hungatei

Methanosaring M. barkeri
\erh
Methanothrix M. soehngenii

(*) Baich. W.E.; Fox, G.E; Magrm, L.J.woese, C.R. &
Wolfe,(1979).

Methanogenic revolution of a unique biological group.
Microbiol. Rev.43,260-296.
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