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ABSTRACT
During this research programme the rate of mineralization of fungal residues in s o il  was investigated and the effects  of various environmental parameters on the process analysed» An open continuous-flow s o il perfusion system was designed and used for the investigation» The reactor column was packed with aggregates of a sandy clay loam which was amended in various ways with fungal material (A sp erg illu s nidulans') and perfused continuously with, defined gas and liqu id  feeds»This method was used to study the effects  of basic s o il conditions such as aeration, anaerobiosis, aggregate s iz e , moisture fluctuations and nutritional status on the processes of mycelial degradation, mineralization and hum ification. Subsequently the influence of chemical treatments of the s o il (glucose, potassium n itra te , ammonium sulphate and ammonium phosphate) on the rates of transformation of native organic matter and added fungal material was assessed» Further the e ffe c t  of selected pesticides (Dalapon and triphenyltin acetate) on m ineralization of fungal material was studied.Carbon dioxide evolution was taken as the primary measure of carbon mineralization throughout these studies, a decision which fa c ilita te s  a comparison o f the present data with other studies of carbon transformation in soil» A method for determining the to ta l a ctiv ity  of $-1,3 glucanase in s o il has been devised and assay of this a ctiv ity  provided a convenient measure of the active mycolytic



2
microflora in the s o i l ,  Changes in the microbial population which were induced by s o il  amendment also were recorded,,Continuous perfusion of s o il  by water had an appreciable e ffe c t on the decomposition of native organic matter and the e ffe c t was enhanced under conditions of amendment with fungal mycelia, Continuous water perfusion was more effective  in mineral­ization than cycles o f s o il drying and wetting. The rate of mineralization was more pronounced under aerobic than anaerobic conditions both in control and mycelium-amended s o ils .Based on the cumulative production o f from so ils  amended14with C-labelled mycelia i t  was shown that continuous perfusion with various nutrient solution stimulated fungal mineralization in the decreasing order*, potassium n itrate  > glucose > ammonium sulphate > ammonium phosphate > water. Treatment with Dalapon for six ty  days produced no sign ifican t difference in the overall rate of mineraliz­ation compared to the aerobic water perfused condition,Triphenyltin acetate showed an inhibitory e ffe c t on the production o f carbon dioxide. Marked inhibition was observed at the highest concentration of the fungicide used (500 ppm) in the mycelium- amended s o il and also in unamended control so ils  at lower concentrations (100 ppm) „H alf-liv es o f readily decomposible and humus material in s o il subjected to various treatments were calculated and compared with other studies o f carbon m ineralization. The enhanced mineralization of the native organic matter (priming effect) following the addition o f fungal material to and various treatments of s o il was calculated and discussed „ Some comparisons with the transformation o f higher plant residues in s o il have been made.
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C H A P T E R  1

I N T R O D U C T I O N
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1» INTRODUCTION1.1. Systems in the study o f s o il transformation:S o il is a very complex and dynamic system and its  f e r t i l i t y  is  largely dependent on the delicate balance which exists between the microflora and physico-chemical nature of the s o i l .  The a c tiv ity  o f the microflora in s o il is  determined by the presence o f organic and inorganic substrates which are transformed by the microorganisms in the processes o f energy and anabolic metabolism. The direction and intensity o f  these transformation processes does not depend only on the properties o f the microflora but also to a considerable degree on the properties o f the s o il and prevailing clim atic conditions. Thus, twenty years ago Quastel was emphasizing the necessity o f studying s o il as a b iological whole in order to gain a better understanding o f the a ctiv ity  o f so il microbial associations under natural situations (Quastel, 1955). The introduction of s o il percolation techniques (Lees & Quastel, 1944) with its  application to various s o il microbiological problems (Lees & Quastel, 1946a;Audus, 1951; Stevenson & Chase, 1953) was a s ig n ifica n t development in s o il microbiology.For studies o f the cycles o f the b iological transformation in s o il selective or enrichment culture methods are usefully  employed. Enrichment culture is  a technique for se lectiv ely  increasing the numbers of a desired microorganism or group o f sim ilar microorganisms by manipulating the growth conditions such that growth of the required population proceeds at a faster rate than the remaining m icroflora. The la tte r  is  acconplished by withhold­ing, or adding, a sp e cific  nutrient or growth facto r, adding a toxic m aterial, or, in general a lterin g the physical or chemical conditions to the advantage o f desired population. The methods based on this principle fa c il ita te  the isolatio n  o f numerous ch aracteristic microorganisms from the s o il and are employed successfully in studies o f the decay of organic substances,
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These methods have also contributed essen tially  to the elucidation o f several important questions concerning the ecology o f the s o il m icroflora; for example: n itr ific a tio n  (Alexander, 1961), Changes in sp ecific  microbial population, induction of sp ecific  enzyme systems (Stotzky, 1972), Studies o f this type often u tiliz e  percolation devices in which a nutrient solution is  cycled through a s o il sample (Audus, 1946; Lees, 1949; Greenwood & Lees, 1959).The Lees-Quastel s o il percolation apparatus is  a closed system, sim ilar to that o f conventional batch processes, i„e» there is no addition or removal o f materials from the system» Substrates after addition to the so il sample are consumed and characteristic changes in the amount and composition o f the s o il microflora occur which, a fter exhaustion of the substrate, slowly return to in it ia l  states» Such methods consider s o il as a closed system or environ­ment. According to Jansson (1958) so ils  may be considered as closed systems only in laboratory experiments;under natural conditions, however, mineral nutrients are removed by plant roots or are leached out on the one hand and, on the other hand, enrichment with substrates originating either from plants and animals or from agricultural practices occurs such that the s o il as a whole posesses the properties of an open system (Jansson, 1958), Macura & Malek (1958) developed a continuous-flow method for the study o f microbiolo­g ica l processes in s o il samples which differed from the Lees-Quastel type in treating the s o il as an open system» As pointed out by Brock (1966) Macura's approach is  a more r e a lis t ic  approximation o f the situation in nature where there is an input and output o f nutrients and biomass,The ap p licab ility  of Macura's method to the investigation o f microbiol­ogical processes was tested in studies o f various transformations in s o ils . Decomposition of glucose (Macura & Kune, 1961), b io lo gical immobilization of nitrogen and phosphorus (Macura & Kunc; 1965a), transformation o f glycine
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(Macura & Kune, 1965b) and n itr ific a t io n  (Macura & Kune, 1965c; Bazin & Saunders, 1973) are some documented examples o f the use o f this experimental system, Takai, Macura & Kune (1969) have operated the system under anaerobic conditions to study the decomposition o f glucose, while Barnes, Bull & Poller (1973) adopted the approach to investigate pesticide metabolism in s o il .The continuous cultivation method applied to studies o f s o il in this form i s ,  therefore, a kind o f e lective culture and a special case o f continuous cu ltivatio n . Since the microorganisms liv in g  in the s o il are adsorbed onto the surfaces o f mineral and organic p a rtic le s , the method possesses common features with the method o f heterogenous continuous cultivation  o f  microorganismson so lid  support (Macura, 1966).
1.2. Fungal biomass and its  turnover in s o ilFungi constitute an active and important component o f the s o il population.Although fungi are less numerous than the bacteria and actinonycetes, but are 

in sU e^contribu ting  fo r the greater part of the total biomass in soil.much larger^ They convert a considerable percentage of the energy and carbonsubstrates they decompose into c e ll  substances and other products (Waksman,1932; Alexander, 1961). Alexander (1961) estimated that fe r t ile  agricultural 8 9s o il contains 10 - 10 bacteria per gram o f s o il and that the average-12bacterial weight is 1.5 x 10 g. This to tals 0.15 - l„5g liv e  weight o f bacteria per kilogram s o il . He estimated further that s o il contains 10 - 100m o f fungal mycelium per gram of s o il . Assuming an average hyphal diameter of 5 ym and a sp e cific  gravity o f 1 .2 , liv e  weights o f fungi per kilogram o f so il would range from 0.24 to 2.4 g„ Gray & Williams (1971) using the microbial biomass and annual l i t t e r  production data for Meathop Wood s o il (Satchell,1970) reported dry weights o f 7.5 kg/ha for bacteria and actinonycetes combined and 454 kg/ha for fungi. The fungal mycelia eventually die and are themselves u tilize d  as a source of energy and carbon by new generations o f s o il  organisms.
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Fungal mycelia, therefore represent an important source of energy and carbon for the s o il population, Cholodny (1930) made early observations of the bacterial colonization of fungal hyphae in s o il  using his buried glass slid e technique. Similar associations have been revealed more

r v\recently on glass slides placed^partially ste r iliz e d  s o il and in s o il supplemented with various kinds of organic material (Lockwood, 1967), Bacterial associations with fungi appear to predominate in most reports, Actinonycete colonization o f fungal hyphae on glass slid es in s o il also occurs frequently and in some instances fungal mycelium seemed more attractive to actinomycètes than other types o f bacteria (Thornton, 1953), Growth of bacteria and actinomycète on fungal hyphae has also been observed using other methods such as that o f Waid & Woodman (1957) involving the incubation o f nylon mesh in s o il . The meshes became colonized f ir s t  by fungi whose hyphae la te r became colonized by bacteria . This kind of successional development was also observed on buried cellulose f i l t e r  paper (Cholodny, 1930) and with cellophane strip s (Tribe, 1957).The application o f other microbiological techniques, usually based on the dilu tion  plate method have revealed increase numbers and a c tiv ity  o f microorganisms in so ils  supplemented with fungal mycelia. Heck (1929) was the f ir s t  to show that to ta l bacterial numbers increased following amendment of s o il with the fungus A sp erg illu s oryzae. Subsequently Lloyd & Lockwood (1966) showed that when hyphae of Glomerella aingulata  were added to so il the bacterial population increased approximately 65 to 70-fold in 5 days and the actinoirycete population 10-fold in 9 days. The fact that mycelia and also spores o f many fungi disappear rapidly when placed in contact with s o il also provides evidence for their u tilis a tio n  by other s o il microorganisms. For example, spore germination was followed by ly s is
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of the germ tubes within 4 to 8 days, when glass s lid e s , containing spores of several fungi held in thin films of agar, were placed in s o il supplemented with 2% soya bean meal (Chinn, 1953)»In addition to direct observational methods, chemical and biochemical techniques have been used to assess transformation o f microbial materials added to soil* In 1924 Starkey found that the decomposition o f  mixed spore and mycelial material in s o i l ,  as measured by carbon dioxide evolution, was as rapid as that o f lucertne meal while Heck’ s extensive investigation showed that fungus material decomposed in s o il as rapidly as other organic materials o f sim ilar C:N ratio  (Heck, 1929)„ Jensen (1932), who in addition to reviewing the literatu re  up to 1932, presented the results of a comprehensive study o f the fate of microbial c e ll  material added to soil»He used a number o f s o il fungi and actinomycète and various s o il bacteria* Jensen reported that in neutral garden s o il the addition o f microbial substances gave rise to a more or less abundant but always temporary development o f bacteria and actiiraycet.es, the la tte r  group of organisms was often stimulated to a very conspicuous degree* The development o f microorganisms was accompanied by the production o f n itrate  to varying degrees* In experiments using sand in place o f s o i l ,  Jensen observed abundant ammonia production after ten days* Norman (1933) investigated various aspects o f the a v a ila b ility  o f the nitrogen o f fungal tissue to microorganisms during decomposition of straw* He found fungal tissue to be as suitable a source o f nitrogen as ammonium salts  and nitrates*Fungal structures other than hyphae are also lysed by microorganisms in natural soil* Lysis of conidia or sporangiophores of several fungi placed in contact with s o il was seen on contact slides (Park, 1955)*Live or k ille d  mycelia o f numerous plant p arasitic and saprophytic fungi were p a rtia lly  or completely lysed by s o il within a few days (Lloyd &
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Lockwood, 1966)o There is  evidence that extracellu lar enzymes from s o il microorganisms may lyse fungal mycelia. Horikoshi & Ida (1959) showed that chitinase from streptomyces species p a rtia lly  lysed live fungal mycelia of A s p e r g illu s  oryza s . In 1965 Skujins, Potgieter & Alexander isolated from s o il a streptomyces species which was active in lysing the hyphal walls of A. oryzae and Fusarium s o la n i . The concentrated enzyme preparation completely destroyed the structural integrity of the walls o f F. s o la n i3 subsequent work in Alexander's laboratory (Bloomfield & Alexander, 1967) demonstrated extensive digestion o f the hyphal walls of A s p e r g illu s  p h o e n ic is  and Solerotium  r o l f s i i  by the streptomyces culture f i lt r a t e  and by a mixture of purified chitinase and 0-1,3 glucanase preparations. However, neither the conidial walls of A* p h o e n ie is  nor the melanin covered sclero tia  o f S„ r o l f s i i  were attacked by the streptmyces enzymes. Recently Bull (1970a)extended these researches and showed that the hyaline and melanized walls of 
A sp e r g illu s  n id ulans  were degraded se le ctiv e ly  by a crude ly t ic  enzyme complex and highly purified 0-1,3 glucanase plus chitinase mixtures produced by s o il streptomycetesolt was also reported that melanin-bound chitin  was extremely resistant to enzymatic degradation (Bull, 1970a),Mayaudon & Simonart (1963) studied the humification o f the mycelium o f A s p e r g illu s  n ig e r  and the c e lls  o f the bacterium Azotobacter v in e la n d ii  and found that m ineralization o f Aspergillus was less than that o f Azotobacter, Addition of the mycelium to s o il lead to an enrichment o f s o il  organic matter with complexes resistant to hydrolysis, and assumed to have an aromatic character, while addition o f bacterial c e lls  lead to an enrichment with humic materials o f a proteinaceous nature that were susceptible to hydrolysis, Pinck & A llison  (1944) suggested that the dark pigmented hyphae are lik e ly  to decompose slowly because they contain rather large amounts o f resistant materials which they referred to as " lig n in -lik e "  substances, Martin, Ervin & Shepherd (1959) compared decomposition o f
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lig h t and dark coloured fungal tissues in s o il and found that more carbondioxide was evolved from s o il treated with lig h t coloured mycelia, Thistype of analysis was extended by Hurst & Wagner (1969) who studied the 14decomposition of C-labelled wall and cytoplasmic fractions from hyaline and melanic fungi„ The rate o f decomposition o f wall material from both mycelial types was in it ia l ly  lower than that for cytoplasmic m aterial.The hyaline wall decomposed at a rela tively  steady rate for a prolonged period and after s ix  months 70% o f the carbon in this fraction had been lo st as CĈ  compared with 62% o f the carbon in the cytoplasmic fraction.Wall and cytoplasmic fractions of the melanic species were strongly pigmented and resistant to decomposition and only 35% and 48% o f the carbon in these fractions was evolved as carbon dioxide respectively.Studies o f the su scep tib ility  and resistance of fungi to microbial ly s is  have shown conclusively that the presence of a dark pigment in the fungal walls confers s ig n ifica n t protection (Potgieter & Alexander, 1966),The pigments o f Rhizoetonia so la n i were reported to be melanins or melanin lik e  and probably protect fungal structures from decomposition in natural environments (Kuo & Alexander, 1967), Bull (1970a)has ; provided more direct evidence that melanins are related to the resistance o f fungal walls to ly s is . He found that melanin-containing walls of A sp erg illu s  

nidulans were comparatively unaffected by a mixture o f 0-1,3 glucanase and chitinase to which treatment the walls o f a melanin-less mutant were highly susceptible; he concluded that "the resistance o f the walls to digestion was directly  correlated with the melanin content o f the mycelium".The isolation  and characterization o f several fungal pigments has shown their sim ilarity  to humic compounds (Kang & Felbeck, 1965; Kumada & Hurst, 1967), The A sp e rg illu s  nidulans pigment has been analysed in d etail (Bull, 1970b)and shown to be an indolic polymer related to melanins o f animal o rigin .
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1» 3„ S o il EnzymesIn recent years much attention has been devoted to the study o f enzymes in so ils  (Skujins, 1967)» S o il enzymes supposedly are primarily o f microbiological origin but to a lesser extent are derived from plants» They are sign ifican t in regulating metabolism in s o i l ,  especially  the transformation of organic substances within these processes enzymes have for instance a great influence on release and accumulation o f nutrient substances. S o il enzymes are very important in the de novo synthesis of organic materials or complexes o f the humic substance type» Thus, they participate to a high degree in the formation of organo-mineral compounds and chelates in s o i l ,  and consequently have a great influence on s o il structure (Briggs & Spedding, 1963; Skujins, 1967). Enzyme a c tiv itie s  have often been used as a measure of s o il f e r t i l i t y  (Khan, 1970)»I t  has been demonstrated that the s o il contains a wide variety o f polysaccharases: amylase (Drobnik, 1955; Hofmann & Hoffman, 1955) , cellu lase (Markus, 1955) , xylanase (Sorensen, 1955) , pectinase (Hoffman, 1959), lichenase (Kiss, Bosica & Pop, 1962), levanase (Kiss, Boaru & Constantinescu, 1965) and dextranase (Dragan-Bularda & K iss, 1972). Skujins (1967) has reviewed the techniques available for the assay of many o f these enzymes including oxidoreductases, transferases, hydrolases and lyases.Enzymes which hydrolyze g-1,3 linked glucans have been known as laminaranases because laminaran was used as a test substrate in early work. However, g-1,3 glucans have wide occurrence in nature and enzymes which depolymerize them are more suitably termed g-1,3 glucanases (g-1,3 glucan 3 - glucanohydrolase, E„C. 3 .2 .1 .6) (Chesters & B u ll, 1963; Bull & Chesters, 1966). g-1,3 Glucans are formed in microorganisms and higher plants as structural components of c e ll w alls , as cytoplasmic and
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vacuolar reserve materials and as extracellular substances o f uncertain significance (Bull & Chesters, 1966)„ g-1,3 Glucans have been reportedin a number o f fungal walls (Bartnicki-Garcia, 1968), one p articu larly  good source is  the sclerotium o f the fungus Foria cocos , This structure is the size o f a large base b a ll (4 in diameter) and over 90% of its  weight is 0-1,3 glucan. While probably not uncommon, these sclero tia  are found only when land is  being cleared, s o il overturned and a sharp- eyed collector at hand (Warsi & Whelan, 1957).0-1,3 Glucanases are ubiquitous enzymes and appear to be implicated in the in tracellu lar mobilization o f food reserves in fungi, algae and higher p lan ts, wall p la s tic ity  in budding and dividing fungal c e lls , extracellular depolymerization o f plant debris by microorganisms, and in the digestive metabolism o f invertebrates (Bull & Chesters, 1966). These enzymes are produced extra -ce llu la rly  in bacteria and fungi and are readily isolated from culture liquors. Their synthesis is  usually constitutive or sem i-constitutive, Horikoshi, Koffler & Gamer (1961) reported that an enzyme preparation obtained from strains o f B a cillu s  
c ircu la rs  which lysed A sp e rg illu s  oryzae walls contained chitinase and 0-1,3 glucanase and other unspecified enzymes. Subsequently Horikoski & Arima (1962) prepared a ch itin  containing fraction from the walls of this fungus by treating them with 0-1,3 glucanase. M itchell & Alexander (1963) isolated a number of mycolytic bacteria from s o i l ,  mainly strains of Bacillus and Pseudomonas, One of the strains o f cereus digested both liv in g  and dead mycelia o f Fusarium oxysporum as well as wall preparations. Once again ly sis  appeared to be associated with the chitinase and 0-1,3 glucanase a c t iv it ie s .One o f the most common mechanisms of interaction between populations of microorganisms in natural environment is  enzyme-induced ly s is , one
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species eliminating another by digesting the second species (Alexander, 1961)„ Moreover evidence has been obtained that a directed b iological control o f pathogenic fungi in nature may be achieved by modifying the indigenous microbial community in such a way as to favour destruction of the pathogen, probably through a preferential stimulation o f micro­organisms capable o f degrading fungal wall constituents (M itchell, 1963; M itchell & Alexander, 1961).1.4. Environmental Control o f biomass turnover in s o i l :The s o il functions as a natural waste disposal system for debris from organisms growing on and within i t .  The organic matter subjected to microbial decay in s o il comes from several sources. Vast quantities of plant remains and forest l it t e r s  decompose above the surface. Subterranean portions o f plants and above-ground tissues that are mechanically incorporated into the s o il become food for the microflora. Animal tissues and excretory products are also subjected to attack.A secondary addition of organic matter comprises microbial remains and animal corpses and faeces. Organic matter decomposition serves two functions for the m icroflora, providing energy for growth and supplying carbon for the formation o f new c e ll  material (Wagner, 1974). The e ffic ien cy  o f c e ll  synthesis is  gove^Ld by environmental conditions and i t  may vary over a considerable range. Clark (1967) reviewed growth o f bacteria in s o il and emphasized the sp ecialization  that microorganism have developed for u tiliz in g  energy-yielding m aterials.A cosmopolitan substrate is  presented to the microbes and the u tiliz a tio n  o f i t  is  governed by the ecological conditions that the substrate encounters (Clark, 1967).The physical factors which a ffe ct the a c tiv ity  o f s o il microflora such as moisture content, degree o f aeration and temperature e ffe c t have
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been b r ie fly  described in the section 3.2,S o il contains substantial quantities of a wide variety of naturally occurring chemicals at one time or another although for only a short period (Alexander, 1961). Man's a c tiv itie s  have added many new chemicals to s o il in  the form of a r t i f ic ia l  fe r t i l iz e r s , pesticides and industrial wastes. These substances may be grouped as those with a b en eficial e ffe ct on saprophytic a c tiv ity  and pollutants which in h ib it one or more groups of organisms. Inorganic chemicals, almost a l l  o f which w ill be active in the liqu id  phase, generally favour saprophytic a c tiv ity  either d irectly  in that they supply an essential element or through an increase in the productivity of the primary producers or by th eir action in a lte r ­ing the s o il environment. Direct benefits may be best illu stra te d  by the action of nitrogen which may allow active saprophytic growth on cellu lose- rich debris which has a high C:N ratio  (Alexander, 1961), The e ffe c t of inorganic compounds o f nitrogen, phosphorous on the decomposition in so il is  presented in section 3,3,I t  is  clear from numerous studies that the addition to the s o il of any potentially  toxic molecule constitutes a serious threat to the equilibrium which exists between the various types of microorganisms and hence to the future f e r t i l i t y  of the s o i l .  Considerable study has been made of the influence o f herbicides, in secticid es, fungicides and nemato- cides on biological processes or on the development of sp e cific  micro­organisms in the s o il (Alexander, 1961; Audus, 1964; Bollen, 1961;H elling, Kearney & Alexander, 1971; Martin, 1963). The action o f these chemicals is  not always lim ited to the immediate objective of k illin g  a particular pest. Harmless or b en eficial s o il organisms may be k ille d  or temporarily reduced in numbers while the qu alitative nature o f the s o il population may be altered for varying periods o f time, and abiotic
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chemical changes induced.Pesticides that become incorporated into the s o il  may be destroyed, inactivated or removed from the environment by a number of means, the net e ffe c t being a detoxication o f the ecosystem. Such environmental detoxication may result from v o la tiliz a tio n , leaching, chemical reactions, adsorption, photochemical destruction, removal by plants from the s o il and the rhizosphere, and b iological detoxication. Although in some environments, or, with certain compounds, detoxication involves one or more non-biological mechanisms, the s o il microflora is  frequently the major and often the sole means of freeing the treated s o il of foreign chemicals. To the microflora many of the organic pesticides merely represent exotic carbonaceous substrates which are available to either a small or a large segment of the community as a source of carbon or other elements necessary to sustain growth (Alexander, 1969), Using the techniques and principles developed by workers interested in the decomposition of hydrocarbons and toxic substances in general various investigators have studied the decomposition o f some of these chemicals in the s o il and in pure cultures in the laboratory, A b r ie f introduction on the e ffe ct o f these chemicals are given in section 3.4,1,5, Priming E ffectAccelerated decomposition o f native s o il organic matter by the microflora following addition o f readily available substrates is  described as a "priming action", "Priming" may also be defined as the ben eficial e ffe c t of adding small amounts o f fresh organic matter (mostly plant residues) on the microbial decomposition of resistant organic compounds in the s o il (Bingeman, Varner & Martin, 1953;Broadbent, 1947; Broadbent & Bartholomew, 1948; Broadbent & Norman,1946; Hallam & Bartholomew, 1953; H iltbo ld , Bartholomew & Werkman,
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1950; Jenkinson, 1966) » Several authors have studied this effect, by 14adding C-labelled organic matter to the s o il  and subsequentlymeasuring the ^ C / ^ C  ratio  of the CÔ  evolved upon incubation» In this way i t  was demonstrated that in the presence of the added material more unlabelled CC^, originating from the decomposition of the s o il organic matter, was produced by microbial activity» Nearlythree decades ago Broadbent & Norman (1946) showed that mineralization13o f s o il organic matter was greatly accelerated by the addition o f C-14labelled Sudan grass» Subsequent s o il amendment experiments with C-13 13glucose (Chahal & Wagner, 1965), C-glucose and C-glucose plus NĤ NÔ  (Shields, Paul & Lowe, 1974) and labelled plant material or its  components (Mortenson, 1963; Sorensen, 1963; Sauerbeck, 1966) have established that addition of organic materials to s o il results in some degree of priming action» However, in a number o f cases the primary e ffe c t was short lived and quite small in comparison to the amounts of native organic matter present in soil(Pinck & A lliso n , 1951; Stotzky & Mortensen, 1957; Jenkinson, 1971)» The increased decomposition o f native s o il  organic matter has also been observed a fte r  the continuous addition o f ^C-glucose (Macura, Szolnoki, Kune, Vancura & Babicky, 1965)»
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1.6. O bjectives;This research programme was started with the aims of defining the rate o f mineralization of microbial residues in s o il and elucidating the effects  o f environmental changes on this process. In addition there was an interest in determining the fate of microbial residues in humification processes and what influence their addition to s o il has on the mobilization o f the native organic matter.The experimental system o f choice for these studies was considered to be the continuous-flow column reactor developed by Macura (1961) because its  operation simulates the open characteristic o f s o il reasonably clo se ly . Fungal material was selected for investigation because of its  frequently dominating contribution to the s o il biomass; in particular A sp erg illu s nidulansvias used because o f the previous analyses of its  wall chemistry and microbial ly s is  in  v itro  (Bull, 1970a; 1970b).In this study mycelium-amended and unamended control so ils  were subjected to a range of physico-chemical, nutritional and pesticide treatments. Mineralization of the fungal material was monitored in terms o f C02 evolution, a parameter which fa c ilita te s  the comparison of results from these experiments with other studies o f carbon transformation in s o ils . The to ta l 3-1,3 glucanase a ctiv ity  in s o il was taken as a convenient measure o f the mycolytic a c tiv ity  in the s o il . Changes in the microflora which were induced by s o il amendments or other treatments also were recorded. In addition amendment o f s o il  with uniformly labelled ^C-m ycelia studied the humification process in the s o il . The priming action o f freshly added substrates also was a matterfor investigation.



C H A P T E R  2

METHODS AND M ATERIALS .
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2 .1 . S o i l  : P h y sic o ch e m ic a l N a tu r e .S o i l  was c o l le c t e d  from an u n d istu rb e d  and ungrazed g r a s s la n d  p lo t  on the U n iv e r s it y  o f  Kent a t  C an terb u ry campus. The h ig h e r  p la n t  community com prised m ain ly  g ra sse s  w ith  o c c a s io n a l Ranunculus s p e c ie s , some legumes ( C r o t a la r ia  s p e c ie s )  and C o m p o sitae .The s o i l  was sampled by d ig g in g  a tre n ch  a p p ro x im a te ly  60cm lo n g  and 45cm wide and c o l l e c t i n g  s o i l  from the v a rio u s  h o riz o n s  and depths in  the p r o f i l e  by means o f  a c le a n  s t a in le s s  s t e e l  sam pling tube (2.5cm  d ia m e te r , 50cm lo n g ) .S o i l  co re s were e xtru d ed  w ith  a p lu n g e r d i r e c t l y  in to  s t e r i l e ,  wide necked b o t t le s  and, when r e q u ire d  fo r  m ic r o b io lo g ic a l  a n a ly s e s ,w e re  s to r e d  in  the dark a t 4 °C . Samples fo r  m icro ­b i o l o g i c a l  stu d y u s u a l ly  were a n a ly s e d  w ith in  24 h o f  c o l l e c ­t i o n . Large sam ples o f  s o i l  in ten d ed  fo r  p h y sico ch e m ica l s tu d ie s  or the p r e p a r a tio n  o f  s o i l  a g g r e g a te s  (see S e c t io n  2 .5 ) were c o l le c t e d  in  p o ly e th y le n e  bags and p a r t i a l l y  a i r  d r ie d  on re tu rn  to the la b o r a t o r y . The l a t t e r  sam ples were passed through a 10-mesh s i e v e , co a rse  s t o n e s , ro o ts  and l i t t e r  fragm ents removed and s to r e d  in  c le a n  dry b o t t le s  in  th e dark a t 4°C u n t i l  r e q u ir e d , u s u a l ly  fo r  one to  two w eeks. A s o i l  p r o f i l e  d e s c r ip t io n  is  in c lu d e d  in  the R e s u lt s , S e c t io n  3 .1 .
2 .1 .1 .  P a r t i c l e  s iz e  A n a ly s is .A m ech an ical a n a ly s is  based on the method o f  Pramer & Schm idt (1964) was u se d . Coarse t e x t u r e d , oven dry s o i l  (lOOg) was w eighed in to  the m ixer cup o f  an M .S .E . "A tom ix"
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hom o genizer. Sodium hexam etaphosphate (50ml o f  a 101 w/v s o lu t io n )  was added to the s o i l  and the cup then h a l f - f i l l e d  w ith  d i s t i l l e d  w a te r . The m ixtu re was s t i r r e d  a t maximum speed fo r  f iv e  m inutes and then washed in to  a se d im e n ta tio n  Bouyoucos c y l in d e r . The c y lin d e r  was f i l l e d  w ith  d i s t i l l e d  w ater up to  the upper mark and the tem perature o f  the su sp en sio n  re c o rd e d . The c y lin d e r  mouth was covered  w ith  p a r a film  and th e c o n te n ts  v ig o r ­o u s ly  shaken by tu r n in g  the c y lin d e r  end over end s e v e r a l t im e s . A ft e r  the c y lin d e r  was a llo w ed  to  sta n d  30 s a Bouyoucos h yd ro­m eter was carefu lly  inserted and read exactly 10s la te r (40s from in it ia tio n  o f sedimentation). The hydrometer was removed from the suspension and after two hours further thermometer and hydrometer readings were taken.The hydrom eter was c a l ib r a t e d  so th a t  c o r r e c te d  re a d in g s are r e fe r a b le  to  gram o f  s o i l  m a te r ia l in  s u sp e n sio n . Sand p a r t i c l e s  s e t t l e  to the bottom  o f  the c y lin d e r  w ith in  40s and thus the f i r s t  re a d in g  is  o f  the combined s i l t  and c la y  f r a c t io n  rem ain in g  in  s u s p e n s io n . The w eigh t o f  sand was o b ta in e d  by s u b t r a c t in g  the hydrom eter re a d in g  from the t o t a l  w eigh t o f  the sam p le . A ft e r  two hours the c o r r e c te d  hydrom eter re a d in g  r e p re s e n ts  grams o f  c la y  rem ain ing in  su s p e n s io n . The q u a n tity  o f  s i l t  was e s tim a te d  i n d i r e c t l y  by s u b t r a c t in g  the sum o f  the c la y  and sand from the t o t a l  s o i l  w e ig h t. For each degree above or below 20°C a f a c t o r  o f  0 .3 6  was added to  or s u b tr a c te d  from the hydrom eter r e a d in g . The te x tu r e  o f  the s o i l  was c l a s s i f i e d  by r e fe r e n c e  to  a " t e x t u r a l  t r i a n g le "  (F ig u re  2 .1 ) .
2 .1 .2 .  M o istu re  C on ten t and Water H o ld in g  C a p a c it y .2 . 1 . 2 .  (a ) M o istu re  C o n te n t .A ir  d r ie d  s o i l  (lO g) was p la c e d  in  a t a r e d , d r ie d  alum inium  d is h . The c o n ta in e r  o f  s o i l  was kept in  an oven a t  105°C fo r  24h, co o le d  in  a d e s ic c a t o r  and re -w e ig h e d .
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Figure 2.1 G U ID E  FO R  TEXTURAL C L A S S IF IC A T IO N  (Pramer & Schmidt,1964)
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2 . 1 . 2 .  (b) Water H o ld in g  C a p a c it y .A m oist f i l t e r  paper d is c  (Whatman N o .l)  was p la c e d  on the g r id  o f  H ilg a r d  s o i l  cup and the whole w eighed. The cup was f i l l e d  w ith  oven dry s o i l  and com pacted by dropping the cup a few tim es through a d is ta n c e  o f  a p p ro x im a te ly  3cm. The s o i l  s u r fa c e  was le v e l l e d  w ith  a s p a tu la  and the cup was r e ­w eigh ed. The cup was p la c e d  in  a d is h  c o n ta in in g  w ater o f  s u f f i c i e n t  depth to  wet the bottom  o f  the s o i l  colum n. When the s o i l  was s a tu r a te d  the cup was p la c e d  in  humid e n c lo s u re  u n t i l  d ra in a g e  was com pleted and then re -w e ig h e d .The w ater h o ld in g  c a p a c ity  was c a lc u la t e d  as the q u a n tity  o f  w ater r e ta in e d  per u n it  w eigh t o f  dry s o i l  (m l/ g ) .
2 .1 .3 .  S o i l  pH.A ir  d r ie d  s o i l  (20g) was taken  in  a 250ml b eaker and mixed w ith  20ml o f  d i s t i l l e d  w a te r . Twenty m inutes were a llo w ed  to  elap .se fo r  the p a s t e , which was o c c a s io n a l ly  s t i r r e d ,  to  reach  e q u ilib r iu m . The pH was measured w ith  a Pye-Unicam  model 292 pH m eter and e le c t r o d e .
2 .1 .4 .  S o i l  O rg a n ic  M a tte r .2 .1 .4 .1 .  T o ta l O rg a n ic  M a tte r .A p o r c e la in  c r u c ib le  was h ea ted  in  a Bunsen flam e to  red h e a t fo r  10 m in, co o le d  in  a d e s ic c a t o r  and w eigh ed . The c r u c ib le  was h a l f - f i l l e d  w ith  oven dry s o i l  and re -w e ig h e d .The c r u c ib le  w ith  c o n te n ts  was p la c e d  on a p ip estem  t r ia n g le  and h ea ted  w ith  a m oderate Bunsen fla m e ; the i n t e n s i t y  o f  the flam e was s lo w ly  in c r e a s e d  u n t i l  a red glow was e v id e n t w ith in  the c r u c i b l e .  The c r u c ib le  was r o ta te d  and the c o n te n ts  p e r io d i c a l l y  s t i r r e d  w ith  a mounted n e e d le  and m a in ta in e d  a t  red h ea t fo r  30 m in. The c r u c ib le  was p la c e d  in  a d e s ic c a t o r  to c o o l and then
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re -w e ig h e d .
2 .1 .4 .2 .  D e te rm in a tio n  o f  S o i l  Carbon, Hydrogen and N itr o g e n . Samples o f  dry s o i l ,  or o th e r  m a te r ia ls  were a n a ly se d  in  aH ew lett Packard Model 185 C-H-N a n a ly s e r  co u p led  to  a Kent Chromalog 3 I n t e g r a t o r  ( U n iv e r s ity  o f  Kent Chem ical L a b o r a to r y , A n a ly t ic a l  s e r v ic e s )  . R e s u lts  are quoted as p e rce n ta g e  o f  each elem ent in  the dry m a t e r ia l .
2 .1 .4 .3 .  D e te rm in a tio n  o f  S o i l  Phosp ho ru s.Samples o f  dry s o i l ,  or o th e r  m a t e r ia l , were a n a ly se d  ( U n iv e r s ity  o f  K e n t, Chem ical L a b o r a to r y , A n a ly t ic a l  s e r v ic e s )  by co m b u stio n , u s in g  the oxygen f la s k  method (M acdonald, 1961). A l l  forms o f  phosphorus p re se n t in  the sample are o x id iz e d  to in o r g a n ic  phosphate and t h is  is  t i t r a t e d  w ith  thorium  n i t r a t e .  From the t i t r e s  and r e fe r e n c e  to  sta n d ard s the t o t a l  phosphorus in  s o i l  was c a lc u la t e d .
2 .1 .4 .4 .  F r a c t io n a t io n  o f  O rg a n ic  M a tte r .

wasThe procedu re a d o p te d /d e scrib e d  by S in h a (1972). A ir  d r ie d  s o i l  (lO g) was suspended in  100ml o f  a c i d i f i e d  w ater pH 2 .0  (1 :10  w/v) in  p o ly e th y le n e  c e n t r ifu g e  b o t t l e s .  The b o t t le s  were shaken ( f la s k  s h a k e r , Gallenkam p) fo r  a p p ro x im a te ly  18h a t  room te m p e ra tu re . A ft e r  18h e x t r a c t io n , the s o i l  su sp en sio n  was c e n tr ifu g e d  a t  2000 rev/m in fo r  30 m in. in  a M is t r a l  6 1. c e n t r ifu g e  ( M .S .E .) .The su p e rn a ta n t was f i l t e r e d  through g la ssw o o l and the f i l t r a t e  e x tr a c te d  w ith  e th e r  3:1 ( v / v ) , t h r ic e  in  a s e p a r a t in g  fu n n e l. The e th e r  s o lu b le  e x t r a c t  was c o l le c t e d  in  a beaker c o n ta in in g  d r ie d  magnesium su lp h a te  ( A .R .) ,  s t i r r e d  w e ll and l e f t  a t room tem p eratu re fo r  the p r e c ip it a t e  to  s e t t l e .  The



28
su p e rn a ta n t was d ecan ted  in to  a round bottom ed f l a s k  and evap o ra ted  on a r o ta r y  e v a p o ra to r (Gallenkam p) under reduced p re ssu re  on a w ater b ath  a t  60 °C .The im m iscib le  aqueous f r a c t io n  was adsorbed on a pad o f

supported on aa c t iv a t e d  c h a r c o a l 1cm t h ic k / s in t e r e d  g la s s  fu n n e l (Pyrex N o .4 , 5-10ym pore s i z e ) .  The c h a r c o a l pad was p r e v io u s ly  th o ro u g h ly  washed w ith  0.1N h y d r o c h lo r ic  a c id . The c h a r c o a l was then e lu te d  w ith  151 (v/v) e t h y la lc o h o l w hich was removed under reduced p r e s s u r e ; the re s id u e  was e x tr a c te d  w ith  e th a n o l (100%) and the l a t t e r  was evap o ra ted  to dryness on a r o ta r y  e v a p o ra to r under reduced p re ssu re  a t 40 °C . F in a l ly  the c h a r c o a l column was e lu te d  w ith  0.1N  sodium h yd ro xid e u n t i l  the e lu a te  was c o lo u r le s s .The re s id u e  ( s o i l )  in  the p o ly e th y le n e  b o t t le s  was e x tr a c te d  w ith  0.1N sodium h y d ro xid e  (1 :10 w/v) on a f la s k  sh aker fo r  18h then c e n tr ifu g e d  as ab ove. The e x tr a c te d  s o i l  was f i l t e r e d  under reduced p re ssu re  through a s in te r e d  g la s s  fu n n e l (Pyrex N o .4 , 5-10ym p o r o s ity )  and fu r t h e r  e x tr a c te d  (x2) w ith  0.1N sodium h yd roxid e (1:10 w/v) as ab o ve. The f i l t r a t e s  were p o o le d , a c i d i f i e d  w ith  c o n c e n tra te d  s u lp h u r ic  a c id  to  pH 1 .0 , and a llo w ed  to sta n d  fo r  24h to p r e c i p i t a t e .  A ft e r  24h the c le a r  su p e rn a ta n t was siphoned o f f  ( F u lv ic  a c id  f r a c t i o n ) .The p r e c ip it a t e  (Humic a c id  fr a c t io n )  was r e d is s o lv e d  in  0.1N sodium h y d r o x id e , tw ice  a c i d i f i e d  w ith  c o n c e n tra te d  s u lp h u r ic  a c id  and the c le a r  su p e rn a ta n t a c id  s o lu t io n  siphoned out in to  the same b e a k e r . The humic a c id  p r e c ip it a t e  was c e n tr ifu g e d  a t  4000 rev/m in fo r  30 min ( M .S .E . Super M in o r) . The c e n t r i ­fu g a te  was mixed w ith  the above su p e rn a ta n ts  and the humic p r e c ip it a t e  was washed t h r ic e  w ith  d i s t i l l e d  w a te r .
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The humic a c id  f r a c t io n  was fr e e z e  d r ie d  (Edwards- High Vacuum, C raw le y , S u s s e x , England) and w eigh ed .The f u l v i c  a c id  (su p e rn a ta n t) was fr a c t io n a t e dby e lu t io n  chrom atography on a column o f  a c t iv a t e d  c h a r c o a l by the method o f  F o rsy th  (1947). The f u l v i c  a c i d ,  the pH o f  which was a d ju s te d  to 2 .5 - 3 .0 ,  was adsorbed onto an a c t iv a t e d  c h a r c o a l pad; a l l  the c o lo u r  was ad so rb e d . The c h a r c o a l was e lu te d  w ith  0.1N  h y d r o c h lo r ic  a c id  and the e lu t e  added to  the f i l t r a t e ;  t h is  was d e s ig n a te d  f r a c t io n  A .The c h a r c o a l pad was then e lu te d  w ith 90% (v/v) aceto n e in  w ater u n t i l  the e lu te d  s o lv e n t  was c o lo u r le s s ;  t h is  was d e s ig n a te d  f r a c t io n  B .Next d e io n iz e d  w ater was sucked through the c h a r c o a l pad . The e x t r a c t  was a c le a r  c o lo u r le s s  l i q u id  and e x t r a c t ­ion  co n tin u e d  u n t i l  i t  no lo n g e r  produced a p r e c ip it a t e  on a d d it io n  o f  e x ce ss  a c e to n e . T h is was termed f r a c t io n  C .The o r g a n ic  m atter rem ain in g  absorbed onto the c h a r c o a l was then co m p le te ly  e lu te d  w ith  0.5N  sodium h y d r o x id e . The e x t r a c t io n  was co n tin u e d  u n t i l  the e lu a te  was c o lo u r le s s .T h is was termed f r a c t io n  D.F r a c tio n s  were fr e e z e  d r ie d  as ab ove, w eighed and s to r e d  in  a d e s ic c a t o r  fo r  subsequent a n a ly s is .The o r g a n ic  m atte r f r a c t io n a t io n  scheme is  summarized in  F ig u re  2 . 2 .

2 . 1 . 4 . 5 .  S o i l  P o ly s a c c h a r id e s .C arb oh yd rates were e x tr a c te d  from the s o i l  by the method d e s c r ib e d  by C h e sh ire  and Mundie (1966).  Weighed q u a n t i t i e s  o f  a i r  d r i e d  s o i l  were p l a c e d  in 24N s u l p h u r i c  a c i d  (5:1 v/w)
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Figure 2.2.  Protocol for Soil Organic Matter fractionation based on Sinha(1972)
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Ip u rification  by repeated precipitation & Charcoal washingFraction A ^____Elution with0.1N HCL1Residue on charcoal

IFraction B -̂---  Eluted with aqueous90°i Acetone
Residue on charcoal1Fraction C <.___ Elution withdeionized water1Residue on charcoal1Fraction D ^____ Elution with0.5N NaOH
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in  s to pp ered 250ml p o ly p r o p yle n e  c e n t r i f u g e  b o t t l e s .  The b o t t l e s  were shaken f o r  16h and a f t e r  e x t r a c t i o n  the mixture was d i l u t e d  to IN s u l p h u r i c  a c i d  and h ea ted  a t  100°C on a water bath f o r  8h. The c o o le d  h y d r o l y s a t e  was s e p a r a t e d  from the s o i l  re s id u e  by f i l t r a t i o n  through a s i n t e r e d  g l a s s  fu n n el  (Pyrex No. 3 ) .A small  a l i q u o t  o f  the h y d r o l y s a t e  was n e u t r a l i z e d  with 6N sodium hydroxide and a n a ly s e d  f o r  t o t a l  re d u c in g  sugar by the Nelson Somogyi method u s in g  g lu c o s e  as a s t a n d a r d .(a ) D e i o n i z a t i o n  o f  the H y d r o l y s a t e .D e i o n i z a t i o n  methodj'cflscribed by C h e s h i r e ,  Mundie & Shepherd (1969).  Excess barium carb onate  ( A . R . )  was added to the h y d r o l y s a t e  and the m ixture s t i r r e d  m a g n e t i c a l l y  u n t i l  the pH was about 5 . 0 .  The su sp en sion  was f i l t e r e d  through a s i n t e r e d  g l a s s  funnel  (Pyrex N o . 3) and the p r e c i p i t a t e  th o ro u g h ly  washed w ith  w a te r .  The f i l t r a t e  washings were combined and passed through an a c i d  washed, hardened f i l t e r  paper (Whatman N o . 542) and c o n c e n t r a t e d  by r o t a r y  e v a p o r a t io n  under reduced p r e ssu re  a t  40°C. The f i n a l  volume was 5ml.(b) Paper Chromatography.About 5 -10yl  s o l u t i o n s  o f  su gar  stand ards and o f  the c o n c e n t r a t e d  h y d r o l y s a t e  were a p p l i e d  w ith  a m ic r o p i p e t t e  a lo n g  a l i n e  about 12cm from the end o f  a sh eet  (57 x 20cm) o f  Whatman N o . l  chromatography p a p e r ; the o p p o s ite  end o f  the paper was s e r r a t e d  to  permit the s o l v e n t  to d r i p  o f f  e v e n l y .  Descending i r r i g a t i o n  was used f o r  24h w ith  the s o l v e n t  system p y r i d i n e : e t h y l  a c e t a t e : w a t e r , 5 :12:4  ( v / v ) . The development o f  se p a r a t e d  sugars was made by drawing
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the d r ie d  paper through a s o l u t i o n  o f  s i l v e r f n i t r a t e  in  acetone ( l g  A . R .  s i l v e r j n i t r a t e  in  2ml water and d i l u t e d  with 200ml acetone)  ( T r e v e ly a n ,  P r o c t o r  and H a r r i s o n ,  1950).  A f t e r  d r y i n g ,  the paper was drawn through m e th a n o lic  po tass iu m  hydro­x id e  s o l u t i o n  C5g potass iu m  hydroxide in 10ml water,  d i l u t e d  w ith  200ml o f  m e t h a n o l) . Spots co u ld  be made permanent by so a k in g  the paper in  a d i l u t e  s o l u t i o n  o f  sodium t h i o s u l p h a t e  fo l lo w e d  by washing in  w a te r .  A f t e r  d r y i n g ,  the c e n tr e  o f  each spot was marked and i t s  m o b i l i t y  ( d is t a n c e  from the o r i g i n )  was compared w ith  r e s p e c t  to g lu c o s e  which was g iven an RG v a lu e  o f  1 .0 0 .The amount o f  each sugar p r e s e n t  was measured q u a n t i t a t ­i v e l y  by p a s s i n g  the Chromatograms through a Chromoscan Mark 2 (Double-Beam Recording and I n t e g r a t i n g  D e n s ito m e te r ,  J o y c e  Loebel  & C o . ,  L t d . ,  England) and r e f e r r i n g  the peak areas to th ose produced by known c o n c e n t r a t i o n s  o f  a u t h e n t i c  s u g a r s .2 . 1 . 5 .  M i c r o b i a l  C o u n t .S o i l  samples ( lg )  were suspended in  100ml s t e r i l e  d i s t i l l ­ed w a te r ,  and d is p e r s e d  by sh a k in g  f o r  30min. F u r th e r  1 0 - f o l d  s e r i a l  d i l u t i o n s  were made as a p p r o p r i a t e ,  with s t e r i l e  d i s t i l ­l e d  w a te r .  One ml o f  s e r i a l l y  d i l u t e d  s o i l  su spension was p i p e t t e d  i n t o  a s t e r i l e  p l a s t i c  p e t r i  d is h  and 15ml o f  the r e q u ir e d  molten agar medium, at  45°C was then added. P l a t e s  were r o t a t e d  to d i s t r i b u t e  the s o i l  su spension throughout the medium (Pramer & Sch m id t ,  1964).  The agar was a l low ed to s o l i d i f y  and the p l a t e s  were in cu b a te d  in  the i n v e r t e d  p o s i t i o n  a t  25°C f o r  a week, or lo n g e r  f o r  slow growing C o lo n ie s ,  and the c o lo n y  counts  made in  the stand ard manner.
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The f o l l o w i n g  media were used:(a) S o i l  E x t r a c t  A g a r .Glucose ................................................................... lgK2HP(\ ..........................................................................  0 . 5gIon agar No . 2 ....................................................  20g* S o i l  E x t r a c t ......................................................  100mlWater ..........................................................................  900mlpH .................................................................................  6.5-7.0S t e r i l i z e d  by a u t o c l a v i n g  at  15 l b / i n 2 f o r  15 min.(b) C h i t i n  agar (Lingappa & Lockwood, 1962)^ C o l l o i d a l  C h i t i n  ..........................................  2.0gKH2 PO11 (anhydrous) .....................................  0.4gMgSQ . 7H2 0 ...........................................................  O.OSgNaCl ..............................................................................  O .lgF e C l 3 .6H Z0 ................................................................ 5PgMnCl2 .4 H 20 ................................................................ 5ygC0.C12 . 6H20 ...........................................................  5ygIonagar No. 2 .........................................................  20gD i s t i l l e d  water ...............................................  1000mlThe medium was steamed to d i s s o l v e  the agar and a u t o c la v e d  a t  15 l b / i n 2 f o r  15 min.(c) Potato Dextrose Agar.Oxoid potatodextrose agar was used.
* Soil  extract was prepared by heating lOOOg of  s o i l  with 1000ml of  tap water in an autoclave for 30min. Approximately 0.5g of calcium carbonate was added and the soil  suspension f i l tered  through a double layer of  f i l t e r  paper. The turbid f i l t r a t e  was ref i l tered until  the extract was clear./ Colloidal chitin was prepared as follows: Crude unbleached chitin (Koch- Light) was washed alternately for 24h at a time with IN sodium hydroxide and IN hydrochloric acid (usually 5-6t.imes) then with 95! ethanol (3-4 times) to remove foreign matter. This process removed about 40! of  the original material and gave a white product. This clean chitin (15g) was moistened with acetone and dissolved in 100ml o f  cold concentrated hydrochloric acid by stirring for 20min in an ice bath. The thick syrupy solution then was f i l te re d  with suction through a thin glass wool pad in a Buchner funnel into a two l i t r e s  of  stirred ice cold d is t i l l e d  water. Chitin was precipitated as a fine colloidal suspension. The residue was redissolved in conc.HCl and refi ltered usually three or four times until  l i t t l e  or no chitin was precipitated. The colloidal chitin was altem at-  ately sedimented by allowing i t  to stand and washed in 5 l i t r e s  of  d is t i l le d  water. The material was stored in a refrigerator.
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2 . 1 . 6 .  Enzyme A c t i v i t i e s  in  S o i l .2 . 1 . 6 . 1 .  Urease (EC 3 . 5 . 1 . 5 . )The method used was based on t h a t  d e s c r ib e d  by M cGarity  and Myers (1967).  A i r - d r i e d  s o i l  (lOg) was taken in  50ml v o lu m e t r ic  f l a s k ,  2ml t o lu e n e  were added, and the m ixture in cu b a te d  f o r  15 minutes at  room temperature to permit complete p e n e t r a t i o n  o f  t o lu e n e  i n t o  the s o i l .  F o l lo w in g  the a d d i t i o n  o f  10ml potass iu m  c i t r a t e - c i t r i c  a c i d  b u f f e r  0.1M, pH 6 . 7 ,  and 5ml 10?0 (w/v) s o l u t i o n  o f  u r e a ,  the f l a s k  was shaken and in cu b a te d  a t  37°C f o r  s i x  h o u r s .  C o n t r o l  f l a s k s  in  which urea was r e p la c e d  by 5ml o f  d i s t i l l e d  water were s e t  up c o n c u r r e n t l y .A f t e r  in c u b a t io n  the f l a s k  c o n te n t s  were made up to  50ml with d i s t i l l e d  w a t e r ,  the t o lu e n e  forming a l a y e r  above the g ra d u a t io n  mark. The f l a s k s  were th o r o u g h ly  shaken and t h e i r  c o n te n t s  f i l t e r e d  through Whatman N o . 6 f i l t e r  paper.Urease a c t i v i t y  was determined as ammonia r e l e a s e d  u s in g  the indophenol  b lue method f o r  ammonium i o n s .P r o c e d u r e :S o i l  f i l t r a t e  (1ml) was taken in  a 50ml v o l u m e t r i c  f l a s k  and d i l u t e d  w ith  9ml d i s t i l l e d  w a te r .  F r e s h l y  prepared pheno- l a t e  rea gen t  (5ml) and sodium h y p o c h l o r i t e  s o l u t i o n  (3ml) were added. The f l a s k  c o n te n t s  were th o r o u g h ly  mixed and l e f t  f o r  20 min a t  room te m p e ra tu re .  The volume was then made up to 50ml w ith  d i s t i l l e d  w a t e r .  The e x t i n c t i o n  a t  630nm was measured in  1cm c u v e t t e s  in  a Unicam SP 500 S p e ctro p h o to m e te r .  The amount o f  ammonia -N formed was c a l c u l a t e d  by r e f e r e n c e  to a c a l i b r a t i o n  curve c o n s t r u c t e d  from A . R .  ammonium s u lp h a te  standard s o l u t i o n s  (0-100yg NH3-N/ml).  A l l  samples were read a g a i n s t  a rea gen t  b la n k  and h ea t  i n a c t i v a t e d  enzyme c o n t r o l s  were a l s o  i n c l u d e d .
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C a l c u l a t i o n s  :lml o f  s o i l  f i l t r a t e  corresponds to 200mg o f  s o i l ,  urease a c t i v i t y  was g iven per 100g s o i l ,  i . e .  m i l l ig r a m s  ammonia-N r e l e a s e d  from urea by 100 gram s o i l .
2 . 1 . 6 . 2 .  g - 1 , 3  Glucanase (EC. 3 . 2 . 1 . 6 . )The method used was based on t h a t  o f  C h e s te r s  and B u l l  (1963) and adapted by the p r e s e n t  author f o r  s o i l  a c t i v i t i e s .  A i r  d r ie d  s o i l  (10g) was p l a c e d  in  a 50ml v o lu m e t r i c  f l a s k  and in cu b a te d  a t  room temperature f o r  15 min w ith  to lu e n e  (2ml).  Phosphate c i t r a t e  b u f f e r  0.05M, pH 5.8 (10ml) and 1% |^/v) Laminaran d i s s o l v e d  in  0.05M phosphate c i t r a t e  b u f f e r  pH 5 .8  (5ml) were added and the f l a s k s  shaken and in cu b a te d  a t  37°C f o r  s i x  h o u r s .  C o n t r o ls  in  which laminaran was r e p la c e d  by 5ml o f  d i s t i l l e d  water were i n c l u d e d  w ith  each s e r i e s  o f  a s s a y s .A f t e r  i n c u b a t io n  the f l a s k  c o n te n t s  made up to 50ml with d i s t i l l e d  w a t e r ,  the to lu e n e  form ing a l a y e r  above the g rad ­u a t i o n  mark. The f l a s k s  were th o ro u g h ly  shaken and t h e i r  c o n te n t s  f i l t e r e d  through Whatman N o . 6 f i l t e r  pa p er .Reducing sugars r e l e a s e d  as a r e s u l t  o f  3 - 1 ,3  g lu ca n a s e  a c t i v i t y  were determined as g lu c o s e  with low a l k a l i n i t y  copper re a g e n t  (Somogyi,  1952) and the arsenomolybdate chromogen o f  Nelson (1944) .Procedure :S o i l  f i l t r a t e  (lml)  was taken in  t e s t  tube and lml o f  f r e s h l y  prepared copper rea gen t  added. The t u b e s ,  c l o s e d  by alùminium f o i l ,  were p l a c e d  in  a c o v e r e d ,  b o i l i n g  water bath f o r  20 min. The tubes were removed, c o o le d  and lml o f  f r e s h l y  prepared arsenomolybdate rea gen t  added, the s o l u t i o n  was
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th o ro u g h ly  mixed on a ro ta m ix e r  (Hook & T u cke r ,  L t d .) »A f t e r  f i v e  minutes the s o l u t i o n  was d i l u t e d  w ith  10ml water and ag a in  mixed t h o r o u g h l y .  The e x t i n c t i o n  at  520nm was read in  1cm c u v e t t e s  in  a Unicam SP500 S p e c t r o ­photometer.  The amount o f  re d u cin g  su gar  r e l e a s e d  was o b ta in e d  from a sta nd ard curve (0-100yg g l u c o s e / m l ) .  A l l  samples were read a g a i n s t  rea g e n t  b lank  and heat  i n a c t i v ­a te d  enzyme c o n t r o l s  a l s o  were i n c l u d e d .  3 - 1 ,3  Glucanase a c t i v i t i e s  were c a l c u l a t e d  and exp ressed  as d e s c r i b e d  f o r  urease (see 2 . 1 . 6 . 1 .  above) .2 . 2 .  P r o d u ct io n  o f  Fungal Mycelium.The l a r g e  s c a l e  p r o d u c t io n  o f  f u n g a l  mycelium f o r  amend­ing  s o i l s  was made by growing the h y a l i n e  mutant 13 mel o f  

A s p e r g i l l u s  n i d u l a n s  ( B u l l  and F a u l k n e r ,  1964) in  a g l u c o s e -  l i m i t e d  chemostat in  the c h e m i c a l l y  d e f i n e d  medium o f  C a r t e r  and B u l l  (1969).  C u l t i v a t i o n  c o n d i t i o n s  and ferm enter  s p e c ­i f i c a t i o n s  were those d e s c r i b e d  by Rowley and B u l l  (1973).The chemostat was op erated a t  a d i l u t i o n  r a t e  o f  O . l O h * 1 and s te a d y  s t a t e  organism c o n c e n t r a t i o n  o f  5g dry weight per l i t r e .  The mycelium was c o l l e c t e d  in  a 20 1. b o t t l e ,  reco ve red and washed by c e n t r i f u g a t i o n  ( M . S .E .  6L M i s t r a l ,  4000 revs/m in,30 min) and s t o r e d  at  -20°C u n t i l  r e q u i r e d .
2 . 3 . 1 .  P r e p a r a t i o n  o f  114 C - L a b e l l e d  M ycelium .^ C - g l u c o s e  ( u n i fo r m ly  l a b e l l e d  with a s p e c i f i c  a c t i v i t y  o f  281mCi/mmol) was o b t a in e d  from the Radioch em ical  c e n t r e ,  Amersham, Bucks.S t e r i l e  c h e m i c a l l y  d e f in e d  medium c o n t a i n i n g  1% g lu c o s e  ( C a r t e r  and B u l l ,  1969)(400ml) was taken in a s t e r i l e  1 1. c o n i c a l  f l a s k  and lO yCi  u n i f o r m ly  l a b e l l e d  ^ C - g l u c o s e  was
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added a s e p t i c a l l y .  The f l a s k  was i n o c u l a t e d  w ith  A s p e r g i l l u s  
n i d u l a n s  mycelium o b ta in e d  from a chemostat  c u l t u r e  (see 2.2)  a t  59o (v/v) . Such c u l t u r e s  were s e t  up in a 30°C c o n s t a n t  temperature room and s t i r r e d  c o n t i n u a l l y  on a magnetic  s t i r r e r  (G a l le n k a m p ) . The f l a s k  was f i t t e d  w ith  a tw o-holed rubber bung through which 6mm diameter bent g l a s s  tubes were p a sse d .  Through one tube was passed a slow stream o f  s t e r i l i z e d ,  c a rb o n d io x id e  f r e e  a i r  and carbonjdioxide produced by the c u l t u r e  was absorbed in  a 0.5N sodium hydroxide tra p  a t t a c h e d  to the o u t l e t  tu b e ;  t h e r e f o r e ,  1 “*0 - 0 0 2  was not  a l low ed to contaminate the atmosphere.
2 . 3 . 2 .  Measurement o f  ***0 i n c o r p o r a t e d  i n t o  M y c e l i a .A known q u a n t i t y  o f  washed 14C - l a b e l l e d  mycelium was suspended in  s t e r i l e  d i s t i l l e d  water and m ascerated in  a ground g l a s s  homogenizer .  The mascerated mycelium was s o n i c a t e d  3 x 1  min u s in g  a 150W M . S . E .  U l t r a s o n i c  D i s i n ­t e g r a t o r .  A l i q u i d  s c i n t i l l a t i o n  c o u n t in g  procedure based on the methods o f  Daviesand Cocking (1966) and B u l l  (1968) was used to determine the r a d i o a c t i v i t y  o f  s o n i c a t e d  m y c e l i a l  s u s p e n s io n s .  The s c i n t i l l a t o r  c o c k t a i l  c o n s i s t e d  o f  2 ,5 -  D ip h e n y lo x a z o le  ( P .P .O )  (3g) p l u s  1 , 4 - D i { 2 - ( 5 - p h e n y l o x a z o l y l ) }  benzene (POPOP) (0 .3g)  in  1 1. t o lu e n e  ( s c i n t i l l a t i o n  g r a d e ) .  A l l  r e a g e n ts  were purchased from K o c h -L ig h t  L a b o r a t o r i e s  L t d .  C o ln b ro o k ,  B ucks,  Eng lan d .A l i q u o t s  o f  s o n i c a t e d  m y c e l i a l  su spensions  (0.1ml) were p i p e t t e d  (Oxford L a b o r a t o r i e s  Sampler) onto 2.1cm diameter Whitman G la s s  f i b r e  d i s c s  (GF/A) mounted on s t a i n l e s s  s t e e l  p i n s ,  6cm below z.  60W lamp and d r ie d  f o r  45min. Dried d i s c s  were p l a c e d  h o r i z o n t a l l y  in  the bottom o f  low potassium
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g l a s s  20ml c o u n t in g  v i a l s  and over la y e r e d  w ith  1ml s c i n t i l ­l a t o r  c o c k t a i l .  The v i a l s  were dark adapted f o r  20 minutes b e fo r e  b e in g  counted in  a model 3314 Packard " T r i  Carb" - L iq u i d  S c i n t i l l a t i o n  Sp ectrom eter  (green c h a n n e l ,  Zero a m p l i ­f i c a t i o n )  a t  - 5 ° C .  0.1ml water d r ie d  d i s c s  were used f o rbackground c o u n t s .  A l l  tre a tm e n ts  were c a r r i e d  out in  t r i p ­l i c a t e  .
2 . 4 .  P r o d u ct io n  o f  Fungal  S p o r e s .For c e r t a i n  experiments  l a r g e  q u a n t i t i e s  o f  fu n g a l  spores were r e q u i r e d .  These were prepared by growing s u r f a c e  c u l t u r e s  o f  A s p e r g i l l u s  n i d u l a n s  13 mel and h a r v e s t i n g  the C o n i d i a .Molten malt e x t r a c t  a g ar  (Oxoid L t d . )  was dispensed a s e p t i c a l l y  i n t o  l a r g e  p e t r i  d ish e s  (150mm x 20mm) to a depth o f  about 5mm. Each p e t r i  d is h  was i n o c u l a t e d  by s p r a y in g  a su spension o f  Conidia on to the s u r f a c e  o f  the a g a r .  The p l a t e s  were in cu b a te d  a t  30°C f o r  8 to 10 days a f t e r  which the spores were h a r v e s t e d  c a r e f u l l y  by washing them o f f  the mycelium with g e n t l e  s c r a p i n g ;  su b s e q u e n t ly  they were then washed w ith  s t e r i l e  d i s t i l l e d  water and passed through s t e r i l e  cheese c l o t h .  M y c e l i a l  d e b r is  was r e t a i n e d  by the c l o t h  and the spores in  the f i l t r a t e  were c o l l e c t e d  by c e n t r i f u g a t i o n  and washed twice w ith  s t e r i l e  d i s t i l l e d  w a te r .
2 . 5 .  Design and O p e r a t io n  o f  C o n t in u o u s - f lo w  S o i l  Column.The c o n t i n u o u s - f l o w  column r e a c t o r  used in  t h i s  work wasa m o d i f i c a t i o n  o f  the d e s ig n  developed by Macura (1961).V ario u s  components o f  the apparatus were c o n s t r u c t e d  in  the Chemical  L a b o ra to ry  Workshops, U n i v e r s i t y  o f  Kent a t  C a n te r b u ry .
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The arrangement o f  the equipment i s  shown in  F ig u r e s  2 .3  and 2 . 4 .  The apparatus c o n s i s t s  o f  the f o l l o w i n g  p r i n c i p l e  components:(a) Medium r e s e r v o i r  and f e e d .(b) S o i l  column.(c) E f f l u e n t  r e c e i v e r .(d) C02- a b s o r p t io n  system.(e) S o i l  a e r a t i o n  system.
(a ) Medium r e s e r v o i r  and f e e d :S o l u t i o n s  c o n t a i n i n g  su b sta n ces  whose t r a n s fo r m a t i o n  or e f f e c t s  were to be i n v e s t i g a t e d  were c o n ta in e d  in  10 1. M a r i o t t e  b o t t l e  ( 1 ) .  The M a r io t t e  b o t t l e  p r o v id e s  an i n e x ­p e n s iv e  and r e l i a b l e  means o f  r e g u l a t i n g  medium flow r a t e s  in d e p e n d e n t ly  o f  the q u a n t i t y  o f  n u t r i e n t  remaining in  the r e s e r v o i r .  The neck o f  the b o t t l e  was t i g h t l y  s to pp ered by a two holed rubber bung through which was passed a 6mm diam­e t e r  g l a s s  tube ( 2 ) ,  the lower end o f  which was widened to a diameter o f  40mm, s e a l e d  o f f  and a sm all  h o l e ,  about 2mm in d ia m e te r ,  p i e r c e d  near the b a s e ;  t h i s  h o le  was a l i g n e d  with the bottom o u t l e t  o f  the b o t t l e .  The upper end o f  the tube was f i t t e d  w ith  a b a c t e r i a - p r o o f  f i l t e r  (M ic ro f lo w ,  F l e e t ,  Hants) and a soda lime tube f o r  a b s o r p t io n  o f  C02 . Through the o t h e r  h o le  o f  the bung was passed a 6mm diameter bent g l a s s  tube f i t t e d  w ith  rubber tu b in g  and clamped o f f ;  t h i s  a c te d  as a p r e s s u re  r e l e a s e  v a lv e  du rin g  a u t o c l a v i n g .Through the bottom o u t l e t  o f  the M a r i o t t e  b o t t l e  was passed a 6mm d iam eter  s t a i n l e s s  s t e e l  t u b e ,  the o u te r  end o f  which was connected w ith  s i l i c o n e  rubber tu b in g  (3) to a



Figure 2.3. Apparatus used for studying microbiological processes in s o i l  by means of  the continuous flow method.



Figu re 2 .4 .



Figure 2.4. Schematic representation o f  the apparatus i l lu strated in Figure 2.3.1. Mariotte bottle (liquid reservoir)2. Glass tube for establishing constant hydrostatic pressure.3. Si licone rubber tubing with resistance capil lary .4. Soi l  column.4a. Nylon gauze.4b. Sajipling ports.5. Effluent receiver.6. CO^-trap.7. Flowstat for control of  a ir  flow rate.8. Rotameter.9. Gas Scrubbers.
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c a l i b r a t e d  r e s i s t a n c e  c a p i l l a r y  ( J o b l i n g  L a b o r a to r y  D i v i s i o n ,  S t o n e ,  S t a f f o r d s h i r e ,  England) f o r  the c o n t r o l  o f  medium f low r a t e .  The o t h e r  end o f  the c a p i l l a r y  tube was connected v i a  s i l i c o n e  rubber tu b in g  to the s o i l  column.
(b) S o i l  Column:The r e a c t o r  column (4) c o n s i s t s  o f  a g l a s s  c y l i n d e r ,  6cm in  diam eter and 35cm in l e n g t h ,  narrowed at  the lower end to about 1cm. A number o f  sampling p o r ts  were made in  the tube and arranged in  a s p i r a l  manner, a p p ro x im a te ly  4cm ap art  on a v e r t i c l e  l i n e .  The p o r t s  were c l o s e d  by rubber bungs. The upper broad s e c t i o n  o f  the column was f i t t e d  w ith  a two ho led rubber bung through which passed one 6mm in  diam ter g l a s s  tube c o n n e c t i n g  w ith  the medium r e s e r v o i r  and ano ther  g l a s s  tube through which g asses  were in tr o d u c e d  i n t o  the s o i l  column.P a r t i a l l y  a i r  d r i e d ,  r o o t -  and s t o n e - f r e e  s o i l  ( S e c t io n  2.1)  was s i f t e d  through a number o f  s i e v e s  (Gallenkamp) o f  mesh s i z e  r a n g in g  from 5.8mm to 1mm. Columns were packed with s o i l  (5 0 0 g ) , in  the form o f  s t r u c t u r a l  a g g r e g a t e s  2-5mm in d ia m e te r .  The s o i l  in  the column was p l a c e d  on a t h i n  l a y e r  o f  g la ssw o o l  and the upper s u r f a c e  o f  the s o i l  was covered by a l a y e r  o f  nylon gauze to pr e v e n t  s t i r r i n g  up o f  the s o i l  p a r t i c l e s  by the i n f l o w i n g  s o l u t i o n .The s o i l  was amended w ith  A s p e r g i l l u s  nidulans  h y a l in e  mycelium in  the middle o f  the column in a zone a p p r o x im a t e ly  between 4 to 10cm r e g io n  from the t o p ,  to s im u la t e  the n a t u r a l  c o n d i t i o n  o f  the s o i l  p r o f i l e .  S o i l  sampling from the v a r io u s  re g io n s  o f  the column was made by means o f  c l e a n  s t a i n l e s s  s t e e l  tubes (1cm d ia m e t e r ,  10cm long) and s o i l ,  a p p ro x im a te ly  2g, was extruded w ith  a p lu n g e r  d i r e c t l y  i n t o  s t e r i l e  u n i v e r s a l
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b o t t l e s .  Sample removal d id  not  have any n o t i c e a b l e  d e l i t -  e r i o u s  e f f e c t s  on the f low c h a r a c t e r i s t i c s  o f  the s o i l  column. The columns were s h i e l d e d  from l i g h t  by c o v e r in g  c o m p le te ly  w ith  b l a c k  paper to prevent  the development o f  p h o t o s y n t h e t i c  organism s.(c) E f f l u e n t  r e c e i v e r :The e f f l u e n t  r e c e i v e r  (5) c o n s i s t e d  o f  a g l a s s  dropping funnel  (100ml) which was f i t t e d  to the o u t l e t  o f  the s o i l  column. L iq u i d  and gaseous e f f l u e n t s  both passed i n t o  t h i s  r e c e i v e r ;  l i q u i d s  cou ld  be removed as r e q u ir e d  from the base o f  the fu n n e l  and from an exhaust  a t  i t s  top g asses  were c a r r i e d  to an a b s o r p t io n  tu b e .(d) C02- A b s o r p t io n  Sy ste m :C arb ondioxide e v o lve d  by m i c r o b i a l  a c t i v i t y  in  the s o i l  was absorbed in  a tube (6) c o n t a i n i n g  0.5N sodium h y d r o x id e .The a b s o r p t i o n  tube was narrow g l a s s  s e c t i o n  1cm in  d ia m e t e r ,  the lower end o f  which was f i t t e d  w ith  a PTFE s to p co ck  to enable  the removal o f  a l k a l i .  The upper end o f  the a b s o r p t io n  tube was blown to  form an expansion chamber f i t t e d  w ith  two o u t l e t s .  Through one o f  the l a t t e r  passed a narrow c a p i l l a r y  tube which reached alm ost to the bottom o f  the tube and through which e f f l u e n t  gas was bubbled i n t o  the a l k a l i  s o l u t i o n .  The o th e r  o u t l e t  was used f o r  r e p l e n i s h i n g  a l k a l i  in  the tube and served  as a vent  f o r  unabsorbed g a s s e s .(e ) S o i l  A e r a t i o n  S y s te m :Gas'-es o f  known c o m p o sit io n  were fe d  to  the s o i l  column at  f low  r a t e s  c o n t r o l l e d  and monitored by a f l o w s t a t  (7)(G .A .  P la t o n  L t d . ,  B a s i n g s t o k e ,  H a n ts ,  England) and a r o t a ­meter (8) (2-25 ml/min a i r  15°C, 76Qnm Hg. G . E . C .  E l l i o t t ,  Process  Instruments L t d . , Croydon, England) system. The
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g asses  fe d  to the s o i l  column c o u ld  be f r e e d  o f  carbon- d io x id e  by passage through d r y in g  columns (9) c o n t a i n i n g  soda lime and o f  ammonia or oxygen by passage through washing b o t t l e s  c o n t a i n i n g  potassium  h y d r o x i d e ,  s u l p h u r i c  a c i d  or a l k a l i n e  p y r o g a l l o l .2 . 6 .  A n a l y t i c a l  Methods.2 . 6 . 1 .  E s t i m a t i o n  o f  t o t a l  C02 e v o l v e d .C arb ondioxide absorbed in  a b s o r p t io n  tube was d e t e r ­mined by d i f f e r e n t i a l  t i t r a t i o n  w ith  a s ta nd ard  s o l u t i o n  o f

hh y d r o c h l o r i c  a c i d ,  u s in g  phenolp/thalein and screen  methyl orange r e s p e c t i v e l y  as i n d i c a t o r s .  An a l i q u o t  o f  sodium hydroxide c o n t a i n i n g  absorbed C02 was p i p e t t e d  i n t o  a 50ml c o n i c a l  f l a s k  and a drop o f  p h e n o l p t h a l e i n  i n d i c a t o r  added. The s o l u t i o n  was t i t r a t e d  a g a i n s t  0.5N HC1 u n t i l  c o l o u r l e s s  when a drop o f  scre e n  methyl orange was added and the t i t r a ­t i o n  co n tin u e d  u n t i l  1he green c o lo u r  changed to grey and f i n a l l y  to  p u r p l e .  The f i n a l  b u r e t t e  re a d in g  was r e c o rd e d .2 . 6 . 2 .  E s t i m a t i o n  o f  ^ C O a .A l i q u o t s  (0.1ml) o f  ^COa absorbed sodium hydroxide were p i p e t t e d  onto 2.1cm g l a s s  f i b r e  d i s c s  and d r i e d  f o r  about 30min under a 60Watt lamp. The d r i e d  d i s c s  were p l a c e d  in  the bottom o f  a counting v i a l  and o v e r la y e r e d  w ith  one m i l l i l i t r e  o f  s c i n t i l l a t o r  c o c k t a i l .  The v i a l s  were dark adapted f o r  20 min and counted in  t r i p l i c a t e .The c o u n t in g  c o n d i t i o n s  were th ose s p e c i f i e d  in  S e c t i o n2.3.2 .2 . 6 . 3 .  D e te rm in a tio n  o f  C a r b o h y d r a t e .The method used was t h a t  d e s c r ib e d  by H e r b e r t ,  Phipps and S tr an ge  (1971).  One m i l l i l i t r e  sample or s ta nd ard
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g lu c o s e  s o l u t i o n  was p i p e t t e d  i n t o  t h i n - w a l l e d  b o i l i n g  tubes (6 x l i n ) .  The tubes were c o o le d  in i c e - w a t e r .  When c o o l e d ,  5.0ml o f  c o o le d  anthrone re a g e n t  was added from a f a s t  f lo w in g  p i p e t t e ,  s w i r l i n g  the tube du ring  the a d d i t i o n .  The tubes were al low ed to sta nd a few minutes to e q u i l i b r a t e  a t  0°C then t r a n s f e r r e d  to a v i g o r o u s l y  b o i l i n g  water b a t h .  A f t e r  e x a c t l y  10 min the tubes were re tu rn e d  to the i c e  b a t h ,  and, a f t e r  c o o l i n g ,  the e x t i n c t i o n  o f  the s o l u t i o n s  a t  625nm was measured in  a Unicam SP500 Sp ectro p h o to m eter .  A l l  samples were read in  d u p l i c a t e  a g a i n s t  a rea gen t  b l a n k .The amount o f  carb o h yd rate  was e s t im a te d  by r e f e r e n c e  to a c a l i b r a t i o n  curve (O-lOOyg stand ard g l u c o s e / m l ) .
2 . 6 . 4 .  E s t i m a t i o n  o f  Ammonia.The method used was t h a t  d e s c r i b e d  by Hanna (1964) . A l i q u o t  (1ml) o f  sample or sta nd ard  s o l u t i o n  was p i p e t t e d  i n t o  an a c i d  washed t e s t  tube and the f o l l o w i n g  a d d i t i o n s  made: lml 2% (w/v) Gum a c a c i a ,  1ml N e s s l e r ' s  rea g e n t  and 7ml d i s t i l l e d  w a te r .  A f t e r  mixing w e ll  on a ro ta m ix e r  the s o l u t ­ions were al low ed to  stand f o r  e x a c t l y  30 min f o r  the y e l lo w  c o lo u r  to d e v e lo p .  The e x t i n c t i o n  a t  420nm was measured in  a Unicam SP 500 S p e ctro p h o to m e te r .  The amounts o f  ammonia-N formed were e s t im a t e d  by r e f e r e n c e  to a c a l i b r a t i o n  curve u s in g  (0-100yg ammonia-N as A . R .  (NHi,) 2 SO., /ml). A l l  samples were read in  d u p l i c a t e  a g a i n s t  a rea gen t  b l a n k .
2 . 6 . 5 .  E s t im a t io n  o f  N i t r a t e .The method d e s c r i b e d  by Bremner(1965) was used. A l i q u o t  (lml)  o f  the sample were p i p e t t e d  i n t o  c le a n  100ml beakers and 9ml d i s t i l l e d  water and 0»75mg o f  A .R ,  c a lc iu m  carbonate
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added, mixed w e l l .  The s o l u t i o n s  were evap orated to dryness on a Gallenkamp 1 2 -p la c e  w a t e r - b a t h .  A f t e r  c o o l i n g  2ml o f  p h e n o ld is u lp h o n ic  a c i d  reagent (Kodak Chemicals)  were added from a ra p id  d e l i v e r y  p i p e t t e .  The beakers were r o t a t e d  so t h a t  p h e n o l d is u l p h o n i c  a c i d  came i n t o  c o n t a c t  w ith  the e n t i r e  r e s id u e  and then a l low ed to stand f o r  lOmin a t  room tem p e rat­u r e .  D i s t i l l e d  water (20ml) was added and f u r t h e r  s t a n d in g  f o r  lOmin o c c u r r e d .  A 1:1 ammonium h y d r o x i d e : water s o l u t i o n  (20ml) was added, mixed w e l l  and the s o l u t i o n  t r a n s f e r r e d  to a 100ml v o lu m e t r ic  f l a s k  and made up to the mark w ith  d i s t i l ­le d  w a t e r .  The e x t i n c t i o n  a t  420nm o f  the w e l l  mixed s o l u t i o n  was measured in  a Unicam SP 500 Sp ectro p h o to m eter .The amount o f  n i t r a t e - N  was e s t im a t e d  by r e f e r e n c e  to a c a l i b r a t i o n  curve (0-100yg n i t r a t e - N  as A .R .  KN03/ m l) .  A l l  samples were read a g a i n s t  a rea g e n t  b l a n k .
2 . 6 . 6 .  E s t i m a t i o n  o f  N i t r i t e .The m o d if ie d  G r i e s s - L l o s v a y  method d e s c r ib e d  by Bremner (1965) was u sed .  One ml o f  sample was p i p e t t e d  i n t o  an a c i d  washed t e s t  tube w ith  8ml d i s t i l l e d  water and 1ml G r i e s s -  L lo s v a y  r e a g e n t .  The s o l u t i o n  was mixed w e l l  w ith  a c le a n  g l a s s  rod and a l low ed to stand f o r  e x a c t l y  30 min. A re d d ish  p u rp le  c o lo u r  develo ped and i t s  e x t i n c t i o n  a t  540nm was measured in  a Unicam SP500 S p e ctro p h o to m e te r ,  a g a i n s t  a r e ­agent b l a n k .The amount o f  n i t r i t e - N  formed was c a l c u l a t e d  by r e f e r e n c e  to c a l i b r a t i o n  curve (0-5yg n i t r i t e - N  as A .R .  po tass iu m  n i t r i t e / m l ) .
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2.6.7.  Estimation o f  Phosphorus.The method o f  O lsen  and Dean (1965) was u sed . A l i q u o t s  (15ml maximum) c o n t a i n i n g  2 to 20yg p were p i p e t t e d  i n t o  s e p a r a t o r y  f u n n e ls  w ith  5ml molybdate s o l u t i o n  and the volume made up to 20ml with d i s t i l l e d  w a t e r .  I s o b u t y l  a l c o h o l  (10ml) was added and the fu n n e l  shaken f o r  2 min. A f t e r  s t a n d in g  f o r  5 min the aqueous l a y e r  was d is c a r d e d  and the i s o b u t y l  a l c o h o l  l a y e r  shaken f o r  1 min with 10ml IN HaSO^. The aqueous l a y e r  was d is c a r d e d  and the o r g a n i c  s o l v e n t  l a y e r  shaken with 15ml stannous c h l o r i d e  s o l u t i o n  (2g/ l)  f o r  1 min; the aqueous l a y e r  was d i s c a r d e d .  The b lue i s o b u t y l  a l c o h o l  l a y e r  was t r a n s f e r r e d  to a 25ml v o lu m e t r ic  f l a s k  to  which were added the e t h a n o l  washings from the s e p a r a t o r y  f u n n e l ; the volume was made to 25ml w ith  e t h a n o l .  A f t e r  30 min the e x t i n c t i o n  a t  720nm was measured in  a Unicam SP500 Spectrophotom eter a g a i n s t  reagent b l a n k .The amount o f  phosphate ~p formed was e s t im a t e d  by r e f e r e n c e  to a c a l i b r a t i o n  curve (0-22yg p h osp ho rus/m l) .



49

CHAPTER 3

EXPERIMENTS AND RESULTS
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3 . 1 .  SOIL DESCRIPTION.The s o i l  from which samples were taken f o r  l a b o r a t o r y  experiments  was p o o r ly  s t r a t i f i e d .  Thus, exam ination  o f  s o i l  p r o f i l e s  showed t h a t  th e re  was l i t t l e  or no t r a c e  o f  l i t t e r  (L,  Aoo) or mull  (F + H, Ao) s u b l a y e r s .  S i m i l a r l y ,  d i s t i n c t i o n  between A and B h o rizo n s  was not  c l e a r l y  d e f i n e d  and th ere  were few s i g n s  o f  s u b s t a n t i a l  l e a c h i n g .  The combined A and B h o riz o n  extended to a depth o f  ap pro xim at­e l y  35cm below which was r e v e a l e d  the heavy c l a y  C h o r i z o n .The C h o r iz o n  c o n t a in e d  l a r g e  numbers o f  f l i n t s  and f l i n t  fragments o f  v a r io u s  s i z e s  and sh ap es .  The upper 10cm o f  the p r o f i l e  was e x t e n s i v e l y  r a m i f i e d  by g ra ss  ro o ts  w h ile  the r o o ts  o f  o t h e r  p l a n t s  m ostly  extended to a depth o f  c a .  20cm. Earthworms were found throughout the p r o f i l e  and p e n e t r a t e d  the C h o r iz o n  to a depth o f  c a .  45cm.W h o l e - p r o f i l e  s o i l  co re s  were sampled from v a r io u s  p a r t s  o f  the c o l l e c t i o n  s i t e  and were used f o r  p h y s i c o - c h e m ic a l  and m i c r o b i o l o g i c a l  s t u d i e s .  The t o t a l  o r g a n ic  m atter  and the " b u lk "  pH o f  the s o i l  a t  v a r io u s  depths was reco rded and the r e s u l t s  are p r e s e n te d  in  F ig u re  3 . 1 . 1 .  The s o i l  was a c i d i c  throughout i t s  depth but the pH v a r i e d  by l i t t l e  more than 0 .5  u n i t  down the p r o f i l e .  In c o n t r a s t  t o t a l  organ­i c  m atter  c o n c e n t r a t i o n s  d e c l i n e d  w ith  i n c r e a s i n g  s o i l  depth; they were h ig h  in  the presumed A h o r iz o n  (10-12%) and then f e l l  by n e a r l y  50% in  the presumed B h o r i z o n .  The upper r e g io n  o f  the c l a y  s u b s o i l  a l s o  c o n ta in e d  o r g a n ic  m atter  and was p e n e t r a t e d  by earthworms.M i c r o b i a l  p o p u la t io n s  c o l o n i s i n g  d i f f e r e n t  p a r t s  o f  the s o i l  p r o f i l e  were e s t im a t e d  by d i l u t i o n  p l a t e  c o u n t in g  as
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Figure 3.1.1.  pH and distribution of  organic matter in a so i l  profile  constructed at  the sampling s i t e .
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d e s c r ib e d  in  S e c t i o n  2 . 1 . 5 .  E u b a c t e r ia  were counted on s o i l  e x t r a c t  a g a r ,  a ct in o m y ce te s  on c h i t i n  agar and m ic r o fu n g i  on p o t a t o d e x t r o s e  agar p l a t e s .  F ig u re  3 . 1 . 2 .  i l l u s t r a t e s  the d i s t r i b u t i o n  o f  the m i c r o b i a l  f l o r a  th roughout the s o i l  p r o f i l e .  The h i g h e s t  p o p u la t io n  numbers occu rre d  in  the top 10 cm o f  the A h o riz o n  and c o r r e l a t e d  with maximum o r g a n ic  matter c o n c e n t r a t i o n ,  whereas the C h o rizo n  showed the lowest number o f  m icro bes .  G e n e r a l l y ,  the l a r g e s t  number o f  fu n g i  and o th e r  microorganisms are found in  the upper s o i l  h o rizo n  and t h e i r  numbers d ecrea sed with i n c r e a s i n g  depth in  the s o i l  (A le x a n d e r ,  1961).The g r e a t e s t  a c t i v i t y  o f  marker enzymes o f  o r g a n ic  matter t r a n s fo r m a t i o n s  was recorded in  the upper 15cm o f  the s o i l  (F ig u re  3 . 1 . 3 ) .  These d i s t r i b u t i o n s  p a r a l l e l e d  th ose o f  the o r g a n i c  m atter  c o n c e n t r a t i o n  and m i c r o b i a l  numbers.Because o f  the markedly h i g h e r  a c t i v i t y  o f  s o i l  enzymes, the s i z e  o f  the m i c r o b i a l  p o p u l a t i o n s  and the o r g a n ic  m atter  c o n c e n t r a t i o n ,  f u r t h e r  a n a ly s e s  o f  physicochem ical  p r o p e r t i e s  o f  the s o i l  were c o n f in e d  to the 0-25cm deep re g io n  and average v a lu e s  f o r  the v a r io u s  parameters d e r i v e d .  The s o i l  was sampled in  bu lk  as d e s c r ib e d  in  S e c t i o n  2.1 and measurements made o f  the m in e r a l  p a r t i c l e  s i z e ,  the t o t a l  o r g a n i c  m a t t e r ,  the w a t e r - h o l d i n g  c a p a c i t y  and " t h e  b u lk "  pH. R e s u l t s  o f  th e s e  a n a ly s e s  are p r e s e n te d  in  Table 3 . 1 . 1 .  Reference to a s o i l  t e x t u r e  diagram and the c o n te n t  o f  o r g a n ic  m atter  i d e n t i f i e d  the s o i l  as a sandy loam. Moreover,  the absence o f  d i s t i n c t  h o r iz o n s  s t r o n g l y  s u g g e s te d  t h a t  the s o i l  had been under a g r i c u l t u r a l  c u l t i v a t i o n  du rin g  r e c e n t  t im e s .



Organism numbers per gram ovendried so i l  (x 10 5)0 20 40 60 80 100 120 140

Figure 3.1 .2 .  Distribution of  Microbial populations in the s o i l  profile  constructed a t  the sampling s i t e .
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Figure 3.1.3.  Distribution of enzyme- a c t iv i t ie s  in the s o i l  profi le  constructed at the sampling s i t e .Enzyme a c t iv i t ie s  are expressed as mg product released per lOOg s o i l  under standard conditions o f  assay (see Section 2.1 .6) .



TABLE 3.1.1.Physicóehémical Properties of the Experimental Soi l
Particle Category (%, w/w) WaterholdingCapacity(%, w/w) pH Organicmatter

(%, w/w)
Humicacids($ , w/w)

Fuivie acids(°i, w/w)
Elemental Analysis (°s, w/w)Whole soil Humic acids Fulvic acids

Sand 55 C 4.36 5.81 10.48S i l t  26 65 4.70 11 7.92 0.25 H 1.21 0.57 0.88N 0.36 0.32 0.91Clay 19 P nd nd 1.91± 1.25 ± 0.25 ± 0.10 ± 0.10(6) (6) (6) (6)
nd : not detectedValues in parenthesis indicate number o f  determinations.Note: These data are averages for the top 25 cm of  s o i l  (A + B horizons).
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3 . 2 .  PHYSICAL FACTORS AFFECTING THE TURNOVER OF FUNGAL MATERIAL IN SOIL.
I n t r o d u c t i o n .M icroorganisms in  s o i l  are  exposed to c o n d i t i o n s  t h a t  are v a r i a b l e  both in  space and in  t im e .  T h e r e f o r e , t h e  m ic r o ­b i a l  communities o f  d i f f e r e n t  ecosystems and o f  m i c r o h a b i t a t s  w i t h i n  the same ecosystem d i f f e r  from one another to  g r e a t e r  or l e s s e r  e x t e n t s .  The com p o sit io n  and the a c t i v i t y  o f  m ic r o ­b i a l  communities in  s o i l  are determined by the p h y s i c a l  and chem ical  c h a r a c t e r i s t i c s  o f  the environm ent.  The m o istu re  con­t e n t ,  degree o f  a e r a t i o n  and temperatu re are the major p h y s i c a l  f a c t o r s  in  s o i l  t h a t  determine m i c r o b i a l  a c t i v i t y  and s e v e r a l  s t u d i e s  have been re p o r t e d  o f  t h e i r  e f f e c t s  on the t r a n s fo r m ­a t i o n  o f  o r g a n ic  m a t e r i a l s  in  s o i l  (Chase & Gray ,  1957;B i r c h ,  1958; Greenwood, 1961; S a u e r b e ck ,  1966; S i n h a ,  1972). A l l  b i o l o g i c a l  a c t i v i t i e s  and i n t e r a c t i o n s  are dependent on w a t e r ,  the a v a i l a b i l i t y  o f  which in  tu rn  i s  dependent,  in  p a r t ,  on the s o i l  s t r u c t u r e  and e s p e c i a l l y  on the s o i l  p o r o s i t y .The b a c t e r i a l  a c t i v i t y  in  s o i l  w ith  r e s p e c t  to m oisture  c o n te n t  has been w id e ly  s t u d i e d  on an e m p i r i c a l  b a s i s ,  and g e n e r a l l y ,  a good c o r r e l a t i o n  has been found;  m i c r o b i a l  a c t i v i t y  i n c r e a s e s  w ith  i n c r e a s i n g  water c o n te n t  to  about 60 to 80 p e r c e n t  o f  the w a t e r - h o l d i n g  c a p a c i t y ,  c o n v e r s e l y  a c t i v i t y  g e n e r a l l y  d e cre a se s  in  w a t e r - l o g g e d  s o i l s  ( S e i f e r t ,  1960; 1961).  Changes in  s o i l  m oisture  s t a t u s  a l s o  a f f e c t  o t h e r  groups o f  m icro o rg a n ism s,  a p a r t i c u l a r l y  d ram atic  example b e in g  r e v e a l e d  by M e ik le jo h n  (1957) du rin g  the course o f  severe  drought in  Kenya. Under drought c o n d i t i o n s  the p r o p o r t io n  o f  a c t i n o m y c e t e s , t h a t  i n i t i a l l y  accounted f o r  l e s s  than 30% o f  the m i c r o f l o r a ,  rose
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u n t i l  they made up more than 90% o f  the v i a b l e  p o p u l a t i o n .I t  was su g g e s te d  t h a t  the dominance o f  the a c t in o m y c è te s  r e s u l t e d  from the r e s i s t a n c e  o f  t h e i r  c o n i d i a  to d e s i c c a t i o n .Drying fo l lo w e d  by r e m o is te n in g  o f  s o i l  g e n e r a l l y  i s  a p re lu d e  to a t r a n s i t o r y  f l u s h  o f  m ic r o b i a l  a c t i v i t y  as measured in  terms o f  e i t h e r  carbon or n i t r o g e n  m i n e r a l i z a t i o n .  This  sp u rt  o f  a c t i v i t y  has been a t t r i b u t e d  to the exposure o f  u n a v a i l a b l e  or i n a c c e s s i b l e  s u b s t r a t e s  to the m i c r o f l o r a  as a r e s u l t  o f  the d r y in g  and w e t t i n g  sequence ( B ir q h ,  1958).  B ir c h  found t h a t  a c h a r a c t e r i s t i c  and u n i v e r s a l  p a t t e r n  o f  carbon m i n e r a l i z a t i o n  o c c u rre d  when dry s o i l  was m oistened;  an i n i t i a l ,  r a p id  decom p osit ion  s ta g e  was fo l lo w e d  by the e s t a b l i ­shment o f  a s low , s te a d y  r a t e  o f  breakdown. Furthermore, he observed t h a t  t h i s  p a t t e r n  was rep e a te d  f o l l o w i n g  s u c c e s s i v e  d ry in g s  and w e t t i n g s  and t h a t  the magnitude o f  decom position was a f u n c t i o n  o f  the carbon c o n te n t  o f  the s o i l .  B ir c h  a l s o  made the p o i n t  t h a t  s i m i l a r  m i n e r a l i z a t i o n  k i n e t i c s  occu rred  under f i e l d  c o n d i t i o n s  and he concluded t h a t  d r y i n g - w e t t i n g  c y c l e s  were o f  pr im ary importance in  the run down o f  s o i l  c a r b o n .I n s i g h t  i n t o  the dynamics o f  s o i l  carbon m i n e r a l i z a t i o n  can b e s t  be o b ta in e d  from a c o n s i d e r a t i o n  o f  s o i l  crumb s t r u c t u r e .  V a rio u s  models o f  s o i l  crumb s t r u c t u r e  have been proposed among which may be mentioned those o f  Emerson (1959) , Greenwood (1967) and N i k i t i n  (1973).  The model o f  s o i l  crumbs c o n s t r u c t e d  by Greenwood i s  g iven in  F ig u r e  3 . 2 . 1 .  The a s p e c t s  o f  the model that are o f  g r e a t e s t  i n t e r e s t  are (1) the s i z e  o f  the a g g r e g a t e ,  (2) the s i z e  o f  the p o r e s ,  (3) whether the pores are gas f i l l e d  or water f i l l e d , (4) the n a tu re  o f  m in e r a l  and o r g a n ic  components and (5) the ease o f  a g g r e g a t e  d i s r u p t i o n .



Figure 3.2.1.  Model of  s o i l  aggregate.
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The model d e p i c t s  two water f i l l e d  p o r e s ,  A and B, o n ly  one o f  which c o n t a in s  organisms produ cing  enzymes t h a t  degrade o r g a n ic  m a t t e r .  None o f  the e x t r a c e l l u l a r  enzymes t h a t  are produced are l i k e l y  to reach pore B because they would be adsorbed onto the s u r f a c e  o f  c l a y  m in e r a ls  and hence become i n a c t i v a t e d  ( S k u j i n s ,  1967).  S i m i l a r l y ,  the microorganisms in  pore A c o u ld  not  reach pore B because they are too l a r g e  to t r a v e r s e  the con­n e c t i n g  c a p i l l a r y .  However, i f  the s o i l  was d r ie d  and then r e ­w e tte d ,  the r e s u l t i n g  c o n t r a c t i o n  and s w e l l i n g  would cause the c l a y  domains and qu artz  p a r t i c l e s  to  be d i s p l a c e d  r e l a t i v e  to one a n o t h e r .  Such d isp la ce m e n t  would cause o r g a n i c  m atter  h i t h e r t o  p r o t e c t e d  by c l a y  or q u artz  to  be exposed, enzymes adsorbed onto s o i l  c o l l o i d s  to be brought i n t o  c o n t a c t  with f r e s h  s u b s t r a t e s ,  m i c r o b i a l  s u r f a c e s  h i t h e r t o  in ; c o n t a c t  witho th e r  m i c r o b i a l  s u r f a c e s  to come i n t o  c o n t a c t  with o r g a n ic  m atter  and might even permit  organisms to move between p o r e s ,  i . e .  from A to B. In every  case th ese  changes would c r e a t e  c o n d i t i o n s  l e a d i n g  to a g r e a t e r  r a t e  o f  breakdown o f  o r g a n i c  m a t t e r .Oxygen a v a i l a b i l i t y  i s  p a r t i c u l a r l y  important to the d i s ­t r i b u t i o n  and metabolism o f  microorganisms in  s o i l ,  the l e v e l  o f  oxygen in  the microenvironment v a r y i n g  c o n s i d e r a b l y  w ith  the su rrounding pore s p a c e ,  m oistu re  c o n t e n t  and the q u a n t i t y  o f  r e a d i l y  deg rada ble  o r g a n ic  carbon ( A le x a n d e r ,  1964) . Greenwood (1961; 1962) examined the e f f e c t  o f  s o i l  oxygen l e v e l s  on the a e r o b i c  and a n a e r o b ic  t r a n s fo r m a t i o n  o f  carbon and on n i t r a t e  d i s s i m i l a t i o n .  The b a la n c e  between a e r o b i c  and a n a e r o b ic  con­d i t i o n s  in  s o i l s  i s  d e l i c a t e l y  p o is e d  and Greenwood has e s t im a te d  t h a t  a change from one type o f  metabolism to the o th e r  takes  p l a c e  when the oxygen c o n c e n t r a t i o n  becomes l e s s  than c a .  3 x 10 6M. Greenwood & Berry (1962) su g g e s te d  t h a t  water s a t u r a t e d  s o i l  crumbs o f  about 3mm or more in  ra d iu s  would have a n a e r o b ic  c e n t r e s  even i f  they were surrounded by a i r .During a e r o b i c  decom p osit ion  o f  g lu c o s e  c o n t i n u o u s l y  added to the s o i l  o n ly  sm a ll  amounts o f  v o l a t i l e  f a t t y  a c i d s ,  p y r u v ic  a c i d s ,  a - k e t o g l u t a r i c  a c i d  and g l u c o n i c  a c i d  were produced
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(Macura & M alek , 1958).  On the oth er  hand,  d u r in g  the b r e a k ­down o f  ca rb o h y d ra te s  in  the absence o f  oxygen, c o n s i d e r a b l e  q u a n t i t i e s  o f  o r g a n i c  a c i d s  accumulate  in  s o i l  and the r a t e  and e x t e n t  o f  m i n e r a l i z a t i o n  o f  the carbonaceous m a t e r i a l s  added to s o i l s  u s u a l l y  i s  d ecrea sed ( A le x a n d e r ,  1961). I t  has been su g g e ste d  t h a t  the c o n c e n t r a t i o n  o f  C02 in the s o i l  atmosphere i s  s i g n i f i c a n t  e c o l o g i c a l l y ,  not  o n ly  because i t  a f f e c t s  the metabolism o f  a u t o t r o p h i c  organisms and modulates the pH at  m i c r o s i t e s  in  s o i l ,  but a l s o  because o f  i t s  p o t e n t i a l  r o l e  as a d i f f e r e n t i a l  i n h i b i t o r  o f  h e t e r o t r o p h i c  growth ( A le x a n d e r ,  1964). However, S t o t z k y  & Goos (1965) showed t h a t  s o i l  microbes were, in  g e n e r a l ,  t o l e r a n t  o f  h ig h  C02 and low oxygen c o n c e n t r a ­t i o n s .  A s t i m u l a t o r y  e f f e c t  o f  C02 on the r a t e  o f  wheat straw decom position was p o s t u l a t e d  by Parr & Reuszer (1962).Temperatures below about 5°C or above 30°C w i l l  s e v e r e l y  l i m i t  the growth o f  the p redom inantly  m e s o p h i l ic  s o i l  m ic r o ­f l o r a  (Gray & W i l l i a m s ,  1971). In many s o i l s ,  temperatures seldom reach l e v e l s  r e q u ir e d  by the m a j o r i t y  o f  the s o i l  microbes f o r  optimum r a t e s  o f  growth, but i t  i s  p o s s i b l e  t h a t  l o c a l ,  s h o r t - t e r m  i n c r e a s e s  o f  temperature occur at  s i t e s  o f  in t e n s e  m i c r o b i a l  a c t i v i t y .  Thus, C l a r k ,  Ja c k s o n  & Gardner (1962) recorded temperature r i s e s  o f  5 .3 °C  in  the v i c i n i t y  o f  o r g a n ic  r e s i d u e s  added to s o i l .The aim o f  experiments  d e s c r ib e d  in  t h i s  S e c t i o n  was the a n a l y s i s  o f  a e r o b i o s i s  and a n a e r o b i o s is  on t r a n s fo r m a t i o n s  o f  the n a t i v e  o r g a n ic  m atter  and o f  f u n g a l  m a t e r i a l  added to s o i l  and in cu b a te d  under c o n d i t i o n s  o f  continu ous l i q u i d  and gaseous f lo w .  A d d i t i o n a l l y ,  the e f f e c t  o f  rep e a te d  c y c l e s  o f  s o i l  d ry in g  and w e t t i n g  on the r a t e  o f  m y c e l i a l  m i n e r a l i z a t i o n  was i n v e s t i g a t e d .  In fo rm a tio n  from th ese experiments  was c o n s id e r e d
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to  be e s s e n t i a l  f o r  e s t a b l i s h i n g  an a c t i v i t y  and k i n e t i c  b a s e l i n e  f o r  the d e s ig n  and i n t e r p r e t ­a t i o n  o f  experiments concerned w ith  the e f f e c t s  o f  a g r i c u l ­t u r a l  c h e m ica ls  on f u n g a l  tu rn o v e r  in s o i l .3 . 2 . 1 .  M y c e l i a l  T ran sfo rm atio n  under A ero b ic  C o n d i t i o n s .Standard g l a s s  columns were packed w ith  500g o f  a i r  dry s o i l  ( a g g r e g a t e s ,  2-5mm in  diameter) as d e s c r ib e d  in  Methods and M a t e r i a l s  (Section 2 . 5 ) .  In one column the s o i l  was amended with A s p e r g i l l u s  n i d u l a n s  mycelium 16g wet w e i g h t ,  an amount t h a t  was e q u i v a l e n t  to 0.51 (w/w) o f  the s o i l  on a d r ie d  weight b a s i s .  The amendment was made in  the middle o f  the column, a p p ro x im a te ly  in  the r e g io n  o f  4-10cm from the upper s u r f a c e .  The packed s o i l  columns were moistened with s t e r i l e  d i s t i l l e d  w a te r ,  made l i g h t  p r o o f  with b l a c k  paper to prevent the development o f  p h o t o s y n t h e t i c  organisms and then clamped i n t o  p o s i t i o n  on frames in  a 25°C c o n s t a n t  temperature room as d e s c r ib e d  in  S e c t i o n  2 . 5 .  Both c o n t r o l  and amended s o i l  columns were p e r fu s e d  c o n t i n u o u s l y  w ith  C02- f r e e  a i r ,  u s u a l l y  1200ml.h 1 a f t e r  p a s s i n g  through the gas scru bbers  and w ith  s t e r i l e  d i s t i l l e d  water a p p ro x im a te ly  10ml.h *. The r a t e  o f  f low was o b ta in e d  from the amount o f  s o l u t i o n  passed through the s o i l  and c o l l e c t e d  in  the e f f l u e n t  r e c e p t o r .  The a i r ­f low  adopted f o r  th ese  experiments  i s  e q u i v a l e n t  to an a e r ­a t i o n  r a t e  a p p ro x im a te ly  tw ice  the "normal f i e l d  v a l u e "(Parr  & R e u sz e r ,  1962) and gave a r a t e  o f  carbon m ineralization  co n v e n ie n t  f o r  study under l a b o r a t o r y  c o n d i t i o n s .The t r a n s fo r m a t i o n  o f  f u n g a l  m a t e r i a l  and e s t i m a t i o n  o f  m i c r o b i a l  a c t i v i t y  in  the s o i l  columns were monitored in terms o f :
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(1) Carbon d i o x i d e  e v o l u t i o n  which was measured t i t r i m e t -  r i c a l l y  a t  f r e q u e n t  i n t e r v a l s  du rin g  the i n i t i a l  p e r io d  o f  the experiment and t h e r e a f t e r  at  r e g u l a r  d a i l y  i n t e r v a l s .  C02 e v o l u t i o n  was i n d i c a t i v e  o f  the e x t e n t  o f  carbon m i n e r a l i z a t i o n  o c c u r r i n g  in  the s o i l .(2) P o p u la t io n  changes in  the s o i l  m i c r o f l o r a .(3) L e v e ls  o f  $ - 1 , 3  g lu c a n a s e  a c t i v i t y  which gave a conven­i e n t  measure o f  the m y c o l y t i c  c a p a c i t y  o f  the s o i l .(4) H u m i f i c a t i o n ;  at  the end o f  an experiment ( u s u a l l y  4 months or c a .  3000 h) the s o i l  o r g a n ic  m atter  was f r a c t i o n a t e d  and the f low o f  f u n g a l  r e s i d u e s  i n t o  s t a b l e  s o i l  f r a c t i o n s  such as humic and f u l v i c  a c i d s  was d e te r m in e d .(5) S o l u b le  c a r b o h y d r a t e s ;  the l i q u i d  e f f l u e n t  from the s o i l  columns was t e s t e d  r e g u l a r l y  f o r  the presence  o f  c a r b o h y d r a t e s .RESULTS.F ig u r e  3 . 2 . 2 .  i l l u s t r a t e s  the dynamics o f  C02 e v o l u t i o n  from mycelium-amended and c o n t r o l  s o i l  columns. The r a t e  o f  r e s p i r a t i o n  o f  s o i l  amended w ith  mycelium i n c r e a s e d  r a p i d l y  imm ediately  fbw c o n d i t i o n s  were e s t a b l i s h e d  and reached a maximum on day 5. A f t e r  t h i s  i n i t i a l  t r a n s i t o r y  peak a t  h ig h  r e s p i r a t i o n  the r a t e  o f  decom p osit ion  slowed down q u i c k l y  and approached the r a t e  o f  unamended s o i l  r e s p i r a t i o n  asymp­t o t i c a l l y .  The f low  c o n d i t i o n s  a l s o  promoted C02 e v o l u t i o n  from the unamended s o i l ,  i n d i c a t i n g  t h a t  the r a t e  o f  m i n e r a l ­i z a t i o n  o f  the n a t i v e  o r g a n ic  m atter  i n c r e a s e d  in  response to the co n tin u o u s  s t i m u l u s .
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The cu m u la t iv e  p r o d u c t io n  o f  C02 from amended and c o n t r o l  s o i l s  i s  shown in F ig u re  3 . 2 . 3 .  During a p e r io d  o f  120 days the c u m u la t iv e  r e l e a s e  o f  C02 from the c o n t r o l  and amended s o i l s  was 4200 and 6600 mg/500g r e s p e c t i v e l y .  The r a t e  o f  m i n e r a l ­i z a t i o n  was 57$ h ig h e r  in the amended s o i l .The a d d i t i o n  o f  mycelium to the s o i l  produced a s t e e p ,  t r a n s i s t o r y  r i s e  in  the b a c t e r i a l  and a ct in o m y ce te  numbers (Fig ure  3 . 2 . 4 . ) .  This  in c r e a s e  in  the s i z e  o f  the m i c r o f l o r a  o ccu rre d  a f t e r  the i n i t i a l  peak o f  m i n e r a l i z a t i o n  and was f o l l ­owed by an e q u a l l y  sudden d e c l i n e  a f t e r  45 d a y s .  However, an i n c r e a s i n g  p o p u l a t i o n  s i z e  was observed a f t e r  80 days o f  i n c u b a t io n  as shown in  F ig u r e  3 . 2 . 4 .  The b a c t e r i a l  and a c t i n -  omycetes p o p u l a t i o n  in  the c o n t r o l  s o i l  remained a t  c o n s t a n t  l e v e l  th roughout the p e r io d  o f  the exp e rim e n t .  F ig u r e  3 . 2 . 5 .  i l l u s t r a t e s  the f a c t  t h a t  th ere  was a t r a n s i t o r y  i n c r e a s e  in the f u n g a l  p o p u l a t i o n  a f t e r  about 35 days and to a s m a l le r  e x t e n t  a f t e r  100 days .The a c t i v i t y  o f  8 - 1 ,3  g lu c a n a s e  in  amended s o i l  was hig h du rin g  the i n i t i a l  p e r io d  (F ig u r e  3 . 2 . 6 . )  and i t  f e l l  during the e a r l y ,  r a p i d  phase o f  m i n e r a l i z a t i o n  and o n ly  re tu rn e d  to c o n t r o l  l e v e l s  du rin g  the second slower phase o f  m i n e r a l i z a ­t i o n .  The 8 - 1 ,3  g lu c a n a s e  a c t i v i t i e s  o f  unamended s o i l  changed l i t t l e  w ith  time and showed an approximate 101 d e c l i n e  over the p e r io d  o f  the ex p e rim e n t .  There was no d e t e c t a b l e  carb o h yd rate  in  the aqueous e f f l u e n t s  from e i t h e r  column.Water s o l u b l e  components were not d e t e c t e d  in e i t h e r  the c o n t r o l  or amended s o i l ;  however,  both humic and f u l v i c  a c i d  were re co ve re d  by a l k a l i  e x t r a c t i o n  o f  the s o i l  at  the end o f  the e x p e rim e n t .  F u r th e r  a n a l y s i s  o f  f u l v i c  a c i d  y i e l d e d  only  f r a c t i o n  D. The o r g a n i c  m atter  rem aining  adsorbed on to the



Figure 3.2.2.  Dynamics o f OĈ  production from mycelium-amended and control so ils  under aerobic conditions during continuous flow of water.
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Figure 3.2 .3 .  Cumulative (X>2 production from mycelium-amended and control s o ils  during continuous flow o f  water; aerobic incubation conditions.
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Figure 3.2.4. Changes in  B acterial and Actinomycete populations during continuous flow o f water through control and mycelium-amended s o il  columns; aerobic incubation conditions.
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Figure 3.2.5.  Changes in  Fungal population during continuous flow o f water through control and mycelium amended s o il  columns; aerobic incubation conditions.
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Figure 3.2.6.  3-1,3 Glucanase a c tiv ity  in control and mycelium-amendeds o il columns during the continuous flow o f  water; aerobic incubationconditions.



TABLE 3,2.1.Amounts o f Humic and Fulvic acids extracted from the control and mycelium-amended so ils  at the end of incubation period.
S o il Treatment Humic acids Fulvic acids Elemental Analysis (l,w/w)(?o,w/w) (1 ,w/w) Humic acids Fulvic acidsC H N C H N

Control a) 4.14 0.35 9.1 2.27 0.99 12.06 1.70 0.91Aerobic b)Amended 3.50 0,40 9.6 2.27 1.04 12.47 1.33 0.81
Control 5.56 0.40 4.15 0.32 0.74 9.85 0.65 1.19Anaerobic Amended 4.87 0.40 6.10 1.01 0.41 9.96 0,84 0,93

Control 4.80 0.62 8.16 2.81 0.89 9.97 1.07 1.01Drying - WettingAmended 4,48 0.52 8.78 2.67 0.91 10.49 0.99 0.83
a) Indicates unamended s o il perfused with water under the conditions sp ecified;b) Indicates my ce l i  um- amended s o il perfused with water under the conditions specified .
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c h a r c o a l  pad a f t e r  the e l u t i o n  with HC1, 901 aceto ne water and d e io n iz e d  w a t e r ,  was c o m p le te ly  e l u t e d  with 0.5N sodium h y d r o x i d e .  The amount o f  e x t r a c t a b l e  humic and f u l v i c  a c id s  and t h e i r  e le m e n ta l  a n a l y s i s  are shown in Table  3 . 2 . 1 .  The e x t r a c t a b l e  humic a c i d  f r a c t i o n  showed an approximate 18% in c r e a s e  in  c o n t r o l  compared to amended s o i l ,  whereas f u l v i c  a c i d  showed a decrea se  o f  about 14%. There i s  a s l i g h t  in c r e a s e  in  the carbon c o n te n t  o f  both humic and f u l v i c  a c i d  o f  the amended s o i l  compared to the c o n t r o l  s o i l .3 . 2 . 2 .  M y c e l i a l  T r a n sfo rm a tio n  under A naerobic  C o n d i t i o n s .S o i l  columns,  prepared as p r e v i o u s l y  d e s c r i b e d ,  weref l u s h e d  with o x y g e n - fr e e  n i t r o g e n  which was scrubbed throughwash b o t t l e s  o f  a l k a l i n e  p y r o g a l l o l  s o l u t i o n .  A f t e r  th reedays o f  such p r e tre a tm e n t  the s o i l  in  one column was amendedw ith  mycelium, a l l  o p e r a t io n s  b e in g  done in  a "Drypack"chamber f i l l e d  with n i t r o g e n  g a s .  The column was re t u r n e d  tos o i lthe in c u b a t io n  frame and i t  and con trol/ colu m n s were c o n t i n ­u o u s ly  p e r fu s e d  with o x y g e n - fr e e  n i t r o g e n  g a s ,  a t  a r a t e  o f  1200ml.h 1, and s t e r i l e  d i s t i l l e d  water from a r e s e r v o i r  at  a r a t e  o f  10ml. h 1.Carbon m i n e r a l i z a t i o n  and m ic r o b i a l  a c t i v i t i e s  in  the columns were monitored as d e s c r i b e d  above (see S e c t i o n  3 . 2 . 1 ) .RESULTS.A h ig h  i n i t i a l  r a t e  o f  CO2 e v o l u t i o n  was m ain tain ed  f o r  about 40 days in  the amended s o i l  (F ig u re  3 . 2 . 7 )  but the very sharp peak o f  m i n e r a l i z a t i o n  c h a r a c t e r i s t i c  o f  amended a e r o b ic  s o i l  was not observed. Carbon d i o x i d e  e v o l u t i o n  from the c o n t r o l  s o i l  remained at  a low l e v e l  th roughout the exp erim ent .The c u m u lat iv e  p r o d u c t io n  o f  C02 i s  shown in  Figure 3 . 2 . 8 ;
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a lt h o u g h  carbon m i n e r a l i z a t i o n  was almost 100% g r e a t e r  in  the amended s o i l  as compared w ith  c o n t r o l  s o i l ,  a b s o lu t e  l e v e l s  o f  m i n e r a l i z a t i o n  were much reduced under a n a e r o b ic  c o n d i t i o n s ,  t h a t  o f  the n a t i v e  organic m atter  by one h a l f  and t h a t  o f  the added mycelium by one t h i r d  (Cf  F ig u re  3 . 2 . 3 ) .There was a marked d e c l i n e  with time in  the numbers o f  both b a c t e r i a  and a c t in o m y c e te s  in  c o n t r o l  s o i l s  under c o n d i t i o n s  o f  a n a e r o b ic  i n c u b a t io n  whereas somewhat s m a l le r  f l u c t u a t i o n s  in  th ese  p o p u l a t i o n s  were observed in  the amended s o i l s  (Fig ure3 . 2 . 9 ) .  In both i n s t a n c e s ,  however,  p o p u la t io n  s i z e s  were reduced by an order o f  magnitude compared to those in  a e r o b ic  s o i l s .The number o f  f u n g a l  c o l o n i e s  a l s o  were reco rded in  amended and c o n t r o l  s o i l s  (Fig ure  3 . 2 . 1 0 ) .A f t e r  a b r i e f  i n i t i a l  b u i l d  up in 3 - 1 , 3  g lu c a n a s e  l e v e l  in  the amended s o i l  the l e v e l  o f  a c t i v i t y  then f e l l  p r e c i p i t ­o u s ly  by 5 - f o l d  (Fig u re  3 . 2 . 1 1 ) .  This  p a t t e r n  o f  changing  enzyme a c t i v i t y  resembled t h a t  observed in  a e r o b ic  mycelium- amended s o i l s ,  i . e .  i t  f e l l  du ring  the f i r s t  phase and reco ve red  during the second phase o f  m i n e r a l i z a t i o n .  However, the f l u c t ­u a t io n s  in  enzyme a c t i v i t y  were much g r e a t e r  in  the an a e r o b ic  than in  the a e r o b i c  s o i l s .  Comparable 3 - 1 ,3  g lu c a n a s e  l e v e l s  o f  c o n t r o l  s o i l s  remained c o n s t a n t  as in  the a e r o b ic  c o n t r o l  s o i l . S o l u b le  ca rb o h y d ra te s  were not d e t e c t e d  in  the aqueous e f f l u e n t  from the column but c o n s i d e r a b l e  amounts o f  r e d u c in g  sugars  were e x t r a c t e d  from the s o i l  per se at  v a r io u s  times du ring  1he experiment (Table 3 . 2 . 2 ) .
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TABLE 3 » 2„2„
Amount o£ reducing sugars extracted from the control and mycelium-amended s o il perfused continuously with water; anaerobic incubation condition»

Time (Days) a)Reducing sugars (mg/ g so il)Control Amended
0 0» 28 0„2810 0.20 0.6228 0.14 2.4855 0.19 0.2985 0„20 0.29120 0» 19 0.29

a) Reducing sugars we re estimated as glucose»
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F r a c t i o n a t i o n  o f  the o r g a n ic  m atter  at  the end o f  the experiment r e v e a l e d  t h a t  th ere  were no water s o l u b l e  compon­e n t s .  Humic and f u l v i c  a c i d s  were e x t r a c t e d  from both c o n t r o l  and amended s o i l s  (Table 3 . 2 . 1 ) .  The e x t r a c t a b l e  humic a c i d  f r a c t i o n  in c o n t r o l  s o i l  was a p p r o x im a t e ly  14% more than the amended s o i l .  There was a s i g n i f i c a n t  enrichment in  the carbon c o n te n t  o f  amended s o i l  humic a c i d ,  i . e .  47% over comparable c o n t r o l  s o i l  f r a c t i o n .  There was no change in  the amount and carbon c o n te n t  o f  the f u l v i c  a c i d  f r a c t i o n s  o f  amended and c o n t r o l  s o i l s .3 . 2 . 3 .  The E f f e c t s  o f  S o i l  Drying and W e t t i n g .Two columns were packed w ith  500g o f  a i r - d r i e d  s o i l  (2-5mm a g g r e g a t e s ) .  In one column the s o i l  was amended w ith  mycelium (16g wet weight/500g s o i l )  ; the mycelium was u n i fo r m ly  d i s t r i b u t e d  th roughout the s o i l .  The second column was used as an unamended c o n t r o l .  Both columns were s e t  up a t  25°C and f l u s h e d  c o n t i n u o u s l y  with d r y ,  C02- f r e e  a i r  a t  the r a t e  o f  1200 m l .h  1 f o r  n in e  d a y s .  S u b se q u e n tly  both columns were p e r fu s e d  w ith  s t e r i l e  d i s t i l l e d  water (10ml h x) f o r  about 18 d ay s .  At the end o f  th ese  f i r s t  27 days o f  tre atm en t  the c o l ­umns were taken o f f  stream , the s o i l  removed and spread s e p a r a t e l y  on to Alcon f o i l  and a i r - d r i e d  in  a dust f r e e  c a b i n e t  f o r  48 h.  The a i r - d r i e d  s o i l  samples then were re tu rn e d  to t h e i r  r e s p e c t i v e  columns which were put back on stream (gas and w a t e r ) .  At the end o f  day 50 t h i s  c y c l e  o f  s o i l  d r y in g  and r e w e t t in g  was r e p e a te d  and the in c u b a t io n  c o n tin u e d  up to 100 days .
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RESULTS.The p a t t e r n  o f  carbon m i n e r a l i z a t i o n  in a t y p i c a l  w e t t i n g  and d ry in g  experiment i s  shown in  F ig u re  3 . 2 . 1 2 .  In te n s e  p r o d u c t io n  o f  C02 occu rred  in  the amended s o i l  and i t  reached a peak by the t h i r d  day and then began to f a l l  in  the exp ected  manner (C f  F ig u re  3 , 2 . 2 ) .  There was very  s l i g h t  p r o d u c t io n  o f  C02 from the c o n t r o l  s o i l .  On day 10, f o l l o w i n g  the s t a r t  o f  water  p e r f u s i o n  the p r o d u c t io n  o f  C02 a g a in  i n c r e a s e d  in  c o n t r o l  and' amended s o i l s  and reached a peak a f t e r  the t h i r d  day on stream (= day 12) a f t e r  which a slow f a l l  was r e c o r d e d .  S i m i l a r  c y c l e s  o f  a c t i v i t y  fo l lo w e d  f u r t h e r  d r y in g  and r e ­w e t t i n g  28 and 50 days a f t e r  the s t a r t  o f  the exp erim en t .Cumulative p r o d u c t io n  o f  C02 du rin g  the course o f  100 days i n c u b a t io n  i s  shown in  F ig u r e  3 . 2 . 1 3 .  M i n e r a l i z a t i o n  was 140% h ig h e r  in  the amended compared to the c o n t r o l  s o i l  (Cf  F ig u r e  3 . 2 . 3 ) .Changes in  m i c r o b i a l  numbers are shown in F ig u r e s  3 .2 .1 4  and 3 . 2 . 1 5 .  The b a c t e r i a l  and a ct in o m y cete  numbers rose 4 - f o l d  by day 20, d e c l i n e d  s lo w ly  but remaining h ig h e r  than the c o n t r o l  s o i l .  The f u n g a l  p o p u l a t i o n  changes are shown in F ig u re  3 . 2 . 1 5 .The p a t t e r n  o f  8 - 1 , 3  g lu c a n a s e  a c t i v i t y  was q u i t e  d i f f e r e n t  from t h a t  observed in  p r e c e d in g  experiments  (Fig ure  3 . 2 . 1 6 ) .  A c t i v i t y  was s u b s t a n t i a l l y  h ig h e r  in the amended s o i l  (45% i n i t i a l l y  and g r a d u a l l y  f a l l i n g  to <10% a f t e r  about 80 days) and, s i g n i f i c a n t l y ,  i n c r e a s e d  r a t h e r  than decreased du ring  the i n i t i a l  (wet) p e r io d  ( C f .  F ig u re  3 . 2 . 6 ) .O rganic  m atter  f r a c t i o n a t i o n  a f t e r  100 days o f  in c u b a ­t i o n  showed no water s o l u b l e  components in  aqueous e x t r a c t s  o f  e i t h e r  c o n t r o l  or amended s o i l s .  There was a l k a l i n e  e x t r a c -



Figure 3.2.12. Dynamics o f  CĈ  production from controland mycelium-amended s o ils  during cycles o f drying and wetting;aerobic incubation conditions
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Figure 3.2.13. Cumulative CÔ  production from mycelium-amended and control so ils  during cycles o f drying and wetting; aer0b ic  incubationconditions.
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Figure 3.2.15. Changes in  fungal population during cycles o f drying and wetting; aerobic incubation conditions.
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t i o n  o f  both humic and f u l v i c  a c i d  fraction D. The humic acidand f u l v i c /  components o f  the c o n t r o l  s o i l  i n c r e a s e d  by a p p ro xim ately  7 and 24% r e s p e c t i v e l y  compared to amended s o i l  (Table 3 , 2 . 1 ) .
3 . 2 . 4 .  The E f f e c t s  o f  S o i l  A gg reg ate  S i z e .A column was packed w ith  500g s o i l  ( a g g r e g a te  s i z e  <2mm) and p e r fu s e d  w ith  C02- f r e e  a i r  and s t e r i l e  d i s t i l l e d  water a t  r a t e s  o f  1200ml.h 1 and 10ml.h 1 r e s p e c t i v e l y .  The m i n e r a l i z a t i o n  o f  n a t i v e  o r g a n ic  m atter  was monitored as C02 p r o d u c t io n .
RESULTS.The t o t a l  carbon r e s p i r e d  by the unamended s o i l  du rin g  the i n c u b a t io n  p e r io d  i s  shown in  F ig u re  3 . 2 . 1 7 .  A f t e r  a sm all  i n i t i a l  r i s e  in  the p r o d u c t io n  o f  C02 up to day 3 a slow d e c l i n e  ensued and then the m i n e r a l i z a t i o n  r a t e  s t a b i l ­i z e d  a t  a low l e v e l .  D i f f e r e n c e s  between the two s i z e s  o f  s o i l  a g g r e g a t e s  in the cu m u la t iv e  p r o d u c t io n  o f  C02 a t  the end o f  120 days o f  in c u b a t io n  were n e g l i g i b l e  (F ig u r e  3 . 2 . 1 8 ) .
3 . 2 . 5 .  S t a b i l i t y  o f  A s p e r g i l l u s  n i d u l a n s  C o n id ia  in S o i l .S o i l  columns were amended w ith  A s p e r g i l l u s  n i d u l a n sc o n i d i a  in  the same r e g io n  as d e s c r i b e d  under S e c t i o n  3 . 2 . 1 .  One column was amended w ith  2. 5g  (wet weight)  o f  washed v i a b l e  spores and the o th e r  w ith  2 . 5g  (wet weight)  o f  washed k i l l e d  s p o r e s .
RESULTS.There was a f l u s h  o f  C02 e v o l u t i o n  from the s o i l  on the f i r s t  day o f  in c u b a t io n  w ith  both the tre a tm e n ts  (F ig u r e  3 . 2 . 1 9 )  and then the r a t e  o f  m i n e r a l i z a t i o n  f e l l  to  the l e v e l



Tims (Days)Figure 3.2.17. Dynamics o f  CC  ̂ production from unamended control s o il  during the continuous flow o f  water. S o il aggregate size < 2mm.
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Figure 3.2.19. Dynamics o f  CC  ̂ production from s o ils  amended with k ille d  and viable spores during the continuous flow o f water; aerobic incubation conditions.
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10 ---------------1---------------1---------------1--------------- 1---------------1---------------*0 20 40 60 80 100 120Time (Days)Figure 3.2.20. Cumulative CO2  production during continuous flow o f water through k ille d  and viable spore-amended s o i ls ;  aerobic incubation conditions.
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Figure 3.2.21. Changes in B acterial and Actinonycete populations during continuous flow of water through k ille d  and viable spore-amended s o i ls ;  aerobic incubation conditions.
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Figure 3.2.22. Changes in fungal population during continuous flow o f water through k ille d  and viable spore-airended s o ils ;  aerobic incubation conditions.
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Figure 3.2.23. 3-1,3 Glucanase a c tiv ity  in k ille d  and viable spore-amended s o ils  during continuous flow o f water; aerobic incubation conditions.
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o f  c o n tr o l s o i l s  (see F ig u re  3 .2 .2 )  and rem ained so fo r  s e v e r a l m onths. The n ear i d e n t i c a l  k i n e t ic s  o f  carbon m in e r a liz a t io n  in  s o i l s  c o n ta in in g  v ia b le  andk i l l e d  c o n id ia  is  e v id e n t from the cu m u la tiv e  C02 p lo t s  (F ig u re  3 .2 .2 0 ) .There was an a p p ro x im a te ly  f o u r - f o ld  r is e  in  the b a c t e r i a l  p o p u la tio n  and a tw o -fo ld  in c r e a s e  in  the a c t in o ­m ycètes in  the s o i l  amended w ith  v ia b le  sp ores compared w ith  the s o i l  amended w ith  k i l l e d  sp ores (day 1 5 ). Sub­s e q u e n tly  the numbers f e l l  to  and rem ained a t the le v e l  o f  k i l l e d  sp ores by day 30 onwards (F ig u re  3 .2 .2 1 ) . A s im ila r  f lu c t u a t io n  in  the fu n g a l p o p u la tio n s  was re v e a le d  (F ig u re  3 .2 .2 2 ) . The fu n g a l p o p u la tio n  th a t  d evelo p ed  in  th e s o i l  amended w ith  v ia b le  sp ores was the la r g e s t  ob served in  any o f  the p re se n t e x p e rim e n ts .In the s o i l  amended with k i l l e d  sp ores the 3-1, 3 g lu c a n - ase a c t i v i t y  le v e l  b u i l t  up s lo w ly  by day 40 and then f e l l  to  the i n i t i a l  l e v e l .  In th e s o i l  amended w ith  v ia b le  sp ores the 3 - 1 ,3  gLucanase p a tte r n  resem bled th a t  found in  a e r o b ic  s o i l  amended w ith  m ycelium  (F ig u re  3 .2 .2 3 ) .
3 .2 .6 .  D is c u s s io n .I t  was c le a r  th a t  fu n g a l d eco m p o sitio n  proceeded im m ed iately  th a t  m y ce lia  were added to  the s o i l .  Under a e r o b ic  c o n d it io n s  th e  cu m u la tiv e  production o f  C02 from amended and c o n tr o l s o i l s  showed th a t  the o v e r a l l  r a te  o f m in e r a liz a t io n  was 571 h ig h e r  in  the amended s o i l .  The subsequent use o f  i s o t y p i c a l l y  la b e l le d  m a te r ia l re v e a le d  th a t  
42°i o f  the mycelium  carbon was co n v e rte d  to C02 in  the 120 days o f  in c u b a tio n . The d a ta  shown in  F ig u re  3 .2 .2 4  were



Figure 3.2.24. Release o f from ^ C -la b e lle d  myceliumduring the continuous flow o f water through s o il ;  aerobic incubation conditions.
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obtained from an experim ent in  w hich s o i l  was amended w ith  
1 4 C - la b e l le d  m ycelium  o f  A s p e r g i l l u s  n i d u l a n s  and tr e a te d  as d e s c r ib e d  under s e c t io n  3 ,2 .1 .  (m y c e lia l tr a n s fo r m a tio n  under a e r o b ic  c o n d it io n s ) . Based on C02 e v o lu t io n  d u rin g  decom p osition  o f  a v a r ie t y  o f  p la n t  re s id u e s  and fungus c e l l  m a te r ia l in  sandy loam in cu b a te d  a e r o b ic a l ly  a t 25 °C , M a r tin , E rv in  and Shepherd (1959) found th a t  fu n g a l m ycelium  decomposed r a th e r  more q u ic k ly  than d id  a v a r ie t y  o f  common mature p la n t  r e s id u e s .A d i f f e r e n t  p a tte r n  o f  carbon m in e r a liz a t io n  was ob served in  a n a e ro b ic  s o i l s .  A n a e ro b io s is  had a d i f f e r e n t i a l  e f f e c t  on the tu rn o v e r r a te s  o f  m y c e lia l and n a t iv e  o r g a n ic  m a tte r s : thus the n a t iv e  o r g a n ic  m atter was m in e r a liz e d  a t o n ly  50% o f  a e r o b ic  r a t e . C le a r ly  th e d ecom p osition  o f  r e l a t i v e l y  sim p le m acrom olecules o f  the type c o n s t i t u t in g  e x p o n e n t ia lly  grown fu n g a l hyphae ( v iz .  p o ly s a c c h a r id e s , p r o t e in s , n u c le ic  a c id s )  can p roceed a t  h ig h  r a t e s  under s e v e r e ly  oxygen- l im it e d  or even oxygen exh au sted  c o n d it io n s  v ia  fe r m e n ta tiv e  typ es o f  m etab o lism . D ecom position  o f  n a t iv e  o r g a n ic  m a tte r , on th e o th e r hand, n e c e s s a r i ly  must in v o lv e  the c le a v a g e  o f  aro m atic  n u c le i  abundant in  the humus fr a c t io n s  and t h is  is  an o x id a t iv e  p r o c e s s . I t  i s  not u n reaso n a b le  to suppose th a t  t h is  l a t t e r  a c t i v i t y  w i l l  be p a r t i c u l a r l y  s u s c e p t ib le  to oxygen d e p le t io n . D uring a n a e ro b ic  d eco m p o sitio n  o f  g lu c o s e  c o n tin u o u s ly  added to  the s o i l  T a k a i, Macura & Kune (1969) ob served th a t  C02 e v o lu tio n  under a n a e r o b io s is  was low er as compared to  a e r o b ic  c o n d it io n s  but th e amount o f  o rg a n ic  a c id s  found in  the e f f l u e n t  d u rin g  co n tin u o u s a d d it io n  o f  g lu c o s e  under a n a e ro b ic  c o n d it io n s  was h ig h e r  compared to a e r o b ic  c o n d it io n s .
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P a r r , Sm ith & W i l l i s  (1970) s tu d ie d  the e f f e c t  o f  s e le c t e d  environm ents and energy so u rces on r e s p ir a t o r y  a c t i v i t y  o f  s o i l  m icro o rg an ism s. They re p o rte d  th a t  the r e s p ir a t io n  r a te s  o f  s o i l  amended w ith  g lu c o s e  and in cu b a te d  a e r o b ic a l ly  or a n a e r o b ic a lly  (N2 , Ar or He) fo llo w e d  the d e c r e a s in g  o rd e r: C02- f r e e  a i r > N 2> Ar = He. F u r th e r , P arr e t a l  (1970) o b ta in e d  s im ila r  r e s u lt s  fo r  s o i l  amended w ith  o th e r s a c c h a r id e  s u b s tr a te s  and n a tu r a l p la n t  p ro d u cts s u g g e s tin g  th a t  r e s p ir a t io n  r a te  was la r g e ly  in d e p e n d e n tly  o f  the s u b s tr a te  s u p p lie d . These workers a ls o  observed an in co m p lete  re co v e ry  o f  added carbon from s o i l  in cu b a te d  under N2 , even a f t e r  ch an gin g  the gas phase to C02- fr e e  a i r :  t h is  r e s u lt  was a t t r ib u t e d  to  a g r e a te r  a ccu m u la tio n  o f  c e r t a in  t o x ic  fe r m e n ta tiv e  p ro d u cts which su b se q u e n tly  re p re sse d  the growth and a c t i v i t y  o f  s o i l  m icro o rgan ism s.The f a c t  th a t  the r a te  o f  m in e r a liz a t io n  o f  the n a t iv e  o r g a n ic  m atter was h a lv e d  under a n a e ro b ic  c o n d it io n s  prompted us to  examine the e f f e c t  o f  s o i l  a g g re g a te  s iz e  on i t s  decom­p o s i t i o n , s o i l  p a r t i c l e s  o f  d iam eter g r e a te r  than 3mm are known to  be a n a e ro b ic  a t t h e ir  c e n tr e s  (Greenwood, 1961). However, a com parison o f  the r e s p ir a t o r y  a c t i v i t y  o f  2- 5mm and < 2mm d iam eter a g g r e ta te s  (F ig u re  3 .2 .1 8 )  s tr o n g ly  su g g e ste d  th a t  the m in e r a liz a t io n  was not oxygen lim it e d  in  the la r g e r  s o i l  a g g r e g a te s . C o n se q u e n tly , the la r g e r  a g g r e g a te s  were r e ta in e d  fo r  a l l  subsequent exp erim en ts because th e y  p ro v id e d  a p h y s ic a l ly  s t a b le  c o n d it io n  in  columns over lo n g  e xp e rim e n ta l p e rio d s  when i t  was d e s ir a b le  to  m a in ta in  c o n s ta n t flo w  r a t e s .P e r io d ic  w e ttin g  and d ry in g  is  a s i g n i f i c a n t  m odulator o f  s o i l  m etabolism  under f i e l d  c o n d it io n s  ( B ir c h , 1958) and a ttem p ts were made to  a s s e s s  i t s  im portance to  m y c e lia l decom­p o s it io n  in  la b o r a to r y  e x p e rim e n ts . Carbon m in e r a liz a t io n  was



101
1401 g r e a te r  in  th e amended as compared to  c o n tr o l s o i l  but the o v e r a ll  m in e r a liz a t io n  o f  the added m ycelium  compared to th a t  in  a e r a te d , c o n s ta n t ly  w etted  s o i l ,  was not s i g n i f i c a n t l y  h ig h e r . However, when the r e s p e c t iv e  c o n tr o l s o i l s  are compared (F ig u re s  3 .2 .3 =  and 3 .2 .1 3 )  the m in e r a liz a t io n  o f  n a t iv e  o r g a n ic  m atter in  the d r ie d  and w etted  s o i l  was a p p ro x im a te ly  311 lower compared to  the a e r o b ic , c o n s t a n t ly  w etted s o i l ,  in d ic a t in g  th a t  the r a te  o f  m in e r a liz a t io n  o f  n a t iv e  o r g a n ic  m atter in c r e a s e d  in  response to  the co n tin u o u s s t im u lu s .In the p re se n t d ry in g  and w e ttin g  exp erim en ts in te n s e  C02 p ro d u ctio n  o ccu rred  d u rin g  the e a r ly  dry p e rio d  in  the amended s o i l  and reach ed a peak by the t h ir d  day and then f e l l  in  the ex p e cte d  manner (F ig u re  3 .2 .1 2 ) . E xam in ation  o f  s o i l  removed from the column r e v e a le d  th a t  the added mycelium  had r a p id ly  and e x t e n s iv e ly  c o lo n iz e d  th e a g g r e g a te  s u r fa c e s . T hus, fu n g a l r e s p ir a t io n  w i l l  have c o n tr ib u te d  to  a s i g n i f i c a n t  but unquant­i f i e d  e x te n t to  o v e r a l l  C02 e v o lu tio n  d u rin g  the i n i t i a l  dry p e r io d . In s p e c tio n  o f  the d ata  in  F ig u re  3 .2 .2 5  su p p o rts the above view ; i t  i l l u s t r a t e s  th a t  the m in e r a liz a t io n  o f  k illed  m ycelium  under c o n d it io n s  s im ila r  to  th ose o p e r a tin g  in  the f i r s t  d ry in g  and w e ttin g  exp erim en ts (F ig u re  3 .2 .1 2 ) . The p r o d u ctio n  o f  carbon d io x id e  was 951 g r e a te r  d u rin g  the i n i t i a l  dry p e rio d  in  the s o i l  amended w ith  v ia b le  m ycelium  as compared w ith  the k i l l e d  m ycelium . However, i t  appears th a t  the com pet­i t i v e  s a p ro p h y tic  a b i l i t y  o f  A s p e r g i l l u s  n i d u l a n s  in  s o i l  d e c lin e s  when the w ater h o ld in g  c a p a c it y  was r a is e d  to  1 0 0 1 , i . e .  on the re tu rn  to  flo w  c o n d it io n s . Anderson and Dom~s (1973), from t h e ir  in v e s t ig a t io n s  o f  b a c t e r i a l  and fu n g a l c o n tr ib u t io n s  to the s o i l  r e s p i r a t i o n , re p o rte d  th a t  the average b a c t e r i a l  and fu n g a l c o n tr ib u t io n  to  the s o i l  r e s p ir a -
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t io n  were 22 and 781 r e s p e c t iv e ly . S i m i l a r l y ,  M c G i l l ,  P a u l , S h ie ld s  and Lowe, (1973) in t h e ir  la b o r a to r y  s tu d ie s  o f  tu rn  over o f  m ic r o b ia l p o p u la tio n s  and t h e ir  m e ta b o lite s  in  s o i l  re p o rte d  th a t  the fu n g i are the prim ary organism s in v o lv e d  in  carbon m in e r a liz a t io n  in  s o i l s .A d d it io n  o f  fu n g a l spores to  s o i l  cau sed a f lu s h  o f  C02 e v o lu t io n  on the f i r s t  day fo llo w e d  by a s t a b le  p ro d u ctio n  over a lo ng tim e . S im ila r  d ata  were o b ta in e d  when e it h e r  v ia b le  or k i l l e d  sp ores were u se d . The m in e r a liz a t io n  was a t  s l i g h t l y  h ig h e r  r a t e s  (a p p ro x im a te ly  6  %) in  spore-am ended s o i l  than in  the c o n tr o l (unamended) a e r o b ic  s o i l  (F ig u re  3 . 2 . 3 . ) .  Lingappa & Lockwood (1964) a ls o  found an i n i t i a l  r i s e  in  oxygen uptake o f  the s o i l  supplem ented w ith  fu n g a l sp ores (c o n id ia  o f  
F u s a r iu m  s o l a n i ,  H e l m i n t h o s p o r i u m  v i c t o r i a e ,  G l o m e r e l l a  o i n g u l a t a  or N e u r o s p o r a  s p e c ie s )  and th ey su g g e ste d  th a t  a p o r tio n  o f  the in c r e a s e d  r e s p ir a t io n  may have been due to  the endogenous r e s p ir a t io n  by th e fu n g a l s p o r e s . K i l l e d  c o n id ia  and c e l l  fr e e  w ashings o f  c o n id ia  a ls o  induced s im ila r  ra p id  in c r e a s e s  in  oxygen uptake in  s o i l  (Lingappa & Lockwood, 1964).The d ata o f  F ig u re  3 .2 .4  shows a ste e p  and t r a n s is t o r y  r is e  in  b a c t e r i a l  and actinom ycetes numbers o c c u r r in g  a f t e r  the i n i t i a l  peak o f  m in e r a liz a t io n . The p o p u la tio n s  in  c o n tr o l s o i l s  rem ained c o n s ta n t . Heck (1929) was the f i r s t  to show th a t  t o t a l  b a c t e r i a l  numbers in c r e a s e d  fo llo w in g  amendment o f  s o i l  w ith  l i v i n g  f u n g i . Heck added w ashed, l i v e  m ycelium  o f  A s p e r g i l l u s  
O ryz a e  to  a s i l t - lo a m  s o i l  and a f t e r  30 days in c u b a tio n  b a c t e r i a l  cou n ts in  the s o i l  supplem ented w ith  m ycelium  were 4 to  6  tim es h ig h e r  than th ose in  non-supplem ented s o i l s .  Comparing the m ic r o b ia l p o p u la tio n  s iz e s  and C02 e v o lu tio n s  (F ig u r e s  3 .2 .2
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and 3 .2 ,4 )  i t  i s  ob served th a t  no c o r r e la t io n  e x i s t s  between the two a lth o u g h  Gray & W allace  (1957) ob served a p o s i t iv e  c o r r e la t io n  between m ic r o b ia l numbers and C02 e v o lu t io n  in  f i e l d  t r a i l s .  A le xa n d e r (1961) su g g e s ts  th a t  i f  the carbon so u rces were homogenous and the p o p u la tio n  composed o f  one s p e c ie s  a d e f i n i t e  r e la t io n s h ip  m ight be c l e a r .  However, g iv e n  a d iv e r s i t y  o f  the m ic r o flo r a  presum ably h a v in g  d i f f e r ­e n t i a l  growth r a t e s  and a c t i v i t i e s ,  and a v a r ie t y  o f carbon s o u r c e s , the poor c o r r e la t io n  w ith  C02 and m ic r o b ia l p o p u la tio n  ob served here is  not s u r p r is in g . A c o n t r ib u t in g  f a c t o r  in  the la c k  o f  c o r r e la t io n  between th e se  s e ts  o f  d a ta  may be the too in fr e q u e n t sam pling o f  m ic r o b ia l numbers; n e v e r t h e le s s , the m assive r e s p ir a t o r y  a c t i v i t y  observed a t  the start o f  th e  e x p e r­iment was not a s s o c ia t e d  w ith  in c r e a s in g  numbers o f  o rga n ism s.O nly minor f lu c t u a t io n s  in  m ic r o b ia l numbers were ob served in  a n a e ro b ic  s o i l .  In  s o i l  d ry in g  and w e ttin g  exp erim en ts the fu n g i p r o l i f e r a t e d  r a p id ly  d u rin g  the i n i t i a l  dry p e rio d  in  the amended s o i l ,  but once the w ater h o ld in g  c a p a c it y  o f  the s o i l  was r a is e d  to 1 0 0 1  such a c t i v i t y  d e c lin e d . B a c t e r ia l  and a ctin o m y ce te  p o p u la tio n s  rose 4 - fo ld  in  the amended s o i l ,  bu t the actin o m y ce te  rem ained a t a h ig h e r  le v e l  th rough ou t the p e rio d  o f  experiment compared to the b a c t e r i a l  p o p u la t io n . There was no s i g n i f i c a n t  change ob served in  the m ic r o b ia l p o p u la tio n  o f  c o n tr o l s o i l .There was a marked i n i t i a l  r i s e  in  the b a c t e r i a l  and actin o m y ce te  numbers in  the s o i l  amended w ith  v ia b le  sp ores compared to the s o i l  amended w ith  k i l l e d  s p o r e s . Even the fu n g a l p o p u la tio n  o f  s o i l  amended w ith  v ia b le  sp ores has in c r e a s e d  a p p ro x im a te ly  s i x - f o l d  and rem ained h ig h e r  th ro u gh ­out the e x p e rim e n ta l p e r io d . Fungal p o p u la tio n s  in  the s o i l  amended w ith  k i l l e d  sp ores rem ained c o n s ta n t ly  low . Wong &Old (1974) re p o rte d  th a t  th e re  was a f lu s h  o f  m ic r o b ia l
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a c t i v i t y  a f t e r  c o n id ia  o f  C o c h l i j b o l u s  s a t i v u s  were p la c e d  

unon to ^ s te r ile  s o i l  and a v a r ie t y  o f  b a c t e r ia  and a c t in o -m ycetes f lo u r is h e d  on the spore s u r fa c e . Ko and Lockwood(1967; 1970) co n sid e re d  th a t  when fu n g a l sp ores or myceliumwere p la c e d  on or in to  s o i l  th e re  was a ra p id  movement o fn u t r ie n t s  from t h e ir  c e l l  c o n te n ts  in to  the s o i l .  I t  isp o s s ib le , t h e r e f o r e , th a t  the i n i t i a l  m ic r o b ia l a c t i v i t yth a t  develo p ed  in  the p resen ce o f  v ia b le  sp ores in  thep re se n t exp erim en ts was a response to  such a su p p ly  o f  r e a d ilya v a i la b le  s u b s t r a t e s . *| In the a e r o b ic  experim ent a lth o u g h  3 -1 ,3g lu ca n a se  a c t i v i t y  was h ig h  i n i t i a l l y  i t  f e l l  d u rin g  the e a r lyra p id  phase o f  m in e r a liz a t io n  and o n ly  re tu rn e d  to c o n tr o lle v e ls  d u rin g  the second slow er p h a se . I t  is  p o s tu la te d  th a tth e se  two phases o f  m in e r a liz a t io n  re p re se n t r e s p e c t iv e ly  the
u t i l i z a t i o n  o f  c y t o p l a s m ic  ( e r e a d i l y  a v a i l a b l e )  and w a l l  
( e more r e t r a c t a b l e )  componentso f  tiie m ycelium  and th a t  the i n i t i a l  f a l l  in  enzyme a c t i v i t y  may be due to in h ib i t io n  and/or r e p r e s s io n  fo llo w in g  a la r g e  r e le a s e  o f  s o lu b le  m aterials in to  the s o i l .  In c o n tr a s t  3 -1 ,3  g lu ca n a se  le v e ls  in  amended a n a e ro b ic  s o i l  i n i t i a l l y  f e l l  5- fo ld  and o n ly  e v e n tu a lly  re co v e re d  and approached c o n tr o l s o i l  v a lu e s . T h is d ram atic  f a l l  in  enzyme a c t i v i t y  was p a r a l le le d  by a c o n s id e r a b le  and p e r s is t a n t  accu m u latio n  o f  re d u cin g  su gars in  th e s o i l .  The l a t t e r  are th ought to have been r e s p o n s ib le  fo r  the r e p r e s s io n  o f  enzyme s y n th e s is  and or in h ib i t io n  o f  enzyme a c t i v i t i e s .  These su gars were not le a ch e d  out from the s o i l  column and o n ly  when th ey were even­t u a l l y  a s s im ila t e d  by th e m ic r o f^ lo r a d id  the g lu ca n a se  a c t i v ­i t y  a g a in  b u ild  up in  the s o i l .  M ic r o b ia l 3 -1 ,3  g lu ca n a se  are very  s u s c e p t ib le  to  c a t a b o l i t e  r e p r e s s io n  (see B u l l ,  1972; L i l l e y  & B u l l ,  1974).
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The data presented in Tables 3„2.1 and 3,2,3 show that perfusion of s o il by water had an appreciable e ffe ct on the decomposition of native organic matter and that the e ffe ct is enhanced under conditions o f amendment with fungal mycelia, Continuous water perfusion was more e ffectiv e  in mineralization than cycles of s o il drying and wetting.The rate o f mineralization was more pronounced under aerobic than anaerobic conditions of incubation both in the control and mycelium- amended s o il . The extent o f mineralization o f the humic acids followed the decreasing order: aerobic > wetting-drying > anaerobic s o il treatments. Although humic acids are mineralized, the fu lv ic  acid content o f the s o il under a l l  these conditions increases approximately 1.5 to 2,5 fo ld ,Recent investigations on the b iological degradation of humic sub­stances have emphasized either the organisms responsible and the e ffe ct o f environmental conditions on their growth, or the chemical changes produced in the humic substances by the a c tiv itie s  o f such organisms,Burges & Latter (I960) isolated two fungal species from percolation experiments that decomposed humic acid; 33 to 431 o f the humic acid was lo st during a 6  to 8 week incubation period, subsequently Hurst,Burges & Latter (1962) examined 29 fungal strains for their a b ility  to decolourize humic acid and to reduce the carboxyl group of m-hydroxybenzoic acid to the corresponding alcohol, A positive correlation was found to ex ist between these two a c t iv it ie s . These workers tentatively  concluded that fungal degradation of humic acid included a step involving the reduction o f the carboxyl group and that the necessary reducing power was produced by aerobic growth on some substrate other than humic acid , Mishustin & N ikitin  (1961) isolated a pseudomonad capable of decolourizing humic acid and they found that decomposition o f humic acid was enhanced when a readily



TABLE 3 ,2 .3 .Amounts of Humic and Fulvic acids mineralized in control and mycelium- amended s o ils .
Treatment Days of Incubation Extractable Humic & Fulvic acids (%,dry wt. o f soil) Total Amount o f Humic & Fulvic acids mineralized

(¿ft d v j ¿Otr. <-7 & <-)

Percentage of Humic & Fulvic acids mineralized
None (Control so il) - 7.92 + 0.25 8.17 - -

Control 1 2 0 4.14 + 0.35 4.49 3.68 45.0AerobicAmended ^ 1 2 0 3.50 + 0.40 3.90 4.27 52,2
Control 1 2 0 5.56 + 0.40 5.96 2 . 2 1 27.0Anaerobic -Amended 1 2 0 4.87 + 0.40 5.27 2.90 35.5
Control 1 0 0 4.80 + 0.62 5.42 2.75 33.6Drying-WettingAmended 1 0 0 4.48 + 0.52 4.98 , 3.19 39.0
a) Indicates unamended s o il perfused with water under the conditions specified;b) Indicates mycelium-amended s o il  perfused with water under the conditions sp ecified .
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decomposible carbon source, such as glucose, was added to the medium,They attributed this a b ility  to the peroxidase a c tiv ity  o f the organismsince they demonstrated reduction of the humic acid suspension byperoxidase preparations in  v i t r o „Comparison o f data in Tables 3,1,1 and 3,2,1 reveals that therewas an appreciable enrichment of the carbon and nitrogen contents ofboth humic and to a lesser extent fu lv ic  acids under aerobic andwetting and drying conditions o f s o il incubation. In the anaerobicconditions the e ffe ct was very n eg lig ib le . This enrichment e ffectwas not pronounced under aerobic conditions and i t  is  also clear thatthe greatest compositional changes occurred in the humic acid fraction14As noted by other investigators the residual C -a c tiv ity  from added14 14 14polysaccharides e ,g , C-labelled glucose, C -cellu lose, C-labelledstraw or “̂ C -labelled  mycelium was quickly distributed into the humin,humic and fu lv ic  acids o f extracted s o il fractions (Jenkinson, 1971;Sauerbeck & Fuhr, 1968; Sinha, 1972; Wagner, 1968; Z e lle r , Oberlander,Roth & Stadler, 1966), Moreover, the major quantity o f residualaccounted in the humin fraction (Wagner, 1968; Zeller et  a t , 1966),Sinha's (1972) study of the distribution o f radioactive plant carboninto different fractions o f s o il fu lv ic  acids revealed that underaerobic conditions there was a greater accumulation o f fraction ’ D®which consisted o f high molecular weight fu lv ic  compounds. However,under anaerobic conditions the dialysable substances of fraction 'B'were preferentially  formed thus indicating that under such conditionsthe formation o f low-molecular weight organic compounds predominatedover the synthesis o f sp ecific  high molecular weight fu lv ic  acids.Results o f this sort may be attributed to the assumption that underanaerobic conditions condensation o f aromatic structural units of
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humic and fu lv ic  acids was restricted in the absence o f free oxygen» The present concept o f the biochemistry o f condensation o f phenolic compounds with amino-acids and protein visualizes the oxidation of aromatic compounds to quinones as the preceding step in the formation o f humic substances, Wojcik - Wojtkowiak (1972) demonstrated that nitrogen o f ^N-tagged straw has a direct role in the synthesis o f the different fractions of humic materials» Further he reported that during incubation the nitrogen content o f humic acids increased sig n ifica n tly  and independently o f the fact whether i t  was treated with nitrogpn or when straw only was introduced into the s o il . In the present experiments the nitrogen-enrichment o f humic acid fractions was 2,3 to 3„3»-fold; the maximum nitrogen-enrichment o f the fu lvic acids, in contrast, was only 30% and, under certain circumstances, the N-content actually declined (Tables 3„1„1 and 3,2„1),
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3 .3 . CHEMICAL FACTORS AFFECTING FUNGAL TRANSFORMATION. In t r o d u c t io n .A number o f  fa c t o r s  a f f e c t  the m in e r a liz a t io n  o f  added o r g a n ic  m a t e r ia ls . The r a p id it y  w ith  which a g iv e n  s u b s tr a te  is  o x id iz e d  w i l l  depend upon i t s  ch em ical co m p o sitio n  and the p h y s ic a l  and ch e m ica l s ta tu s  o f  the su rro u n d in g en viron m en t.The ch em ical fa c t o r s  w hich in flu e n c e  the decomposition o f  added carbonaceous m a te r ia l are the a v a i l a b i l i t y  o f  m in e ra ls  p red o m in an tly  n it r o g e n . Phosphorus and su lp h u r a ls o  p la y  an im p ortan t r o le  in  the o r g a n ic  m atter m in e r a liz a t io n  (A le x a n d e r, 1961; S to tz k y  & Norman, 1 9 6 1 a ,b ) .D uring d eco m p o sitio n  o f  carbonaceous m a te r ia ls  in  s o i l ,  m in eral n u t r ie n t s  are im m ob ilized  by the s o i l  m icroorganism s thus making them te m p o ra r ily  u n a v a ila b le  fo r  p l a n t s . G reat in t e r e s t  has th e r e fo r e  been shown in  the m in e r a liz a t io n -  im m o b iliz a tio n  c y c le  in  g e n e ra l and in  the b i o l o g i c a l  immob­i l i z a t i o n  o f  n itr o g e n  and phosphorus in  p a r t i c u la r  ( Ja n s s o n , 1958 ; Macura & Kune, 1965) . Very r e c e n t ly  Shield s, P a u l , Lowe & P arkin so n  (1973) have in v e s t ig a t e d  n itr o g e n  im m o b iliz a tio n -  m in e r a liz a t io n  under f i e l d  conditions u sin g  la b e l le d  ^NH^- 
1 5 N03; they found th a t  a p p ro x im a te ly  801 o f  the t o t a l  n itr o g e n  had been s y n th e s iz e d  in to  m ic r o b ia l m a te r ia ls  d u rin g  the p e rio d  o f  ra p id  carbon m in e r a liz a t io n .Ammonium and n i t r a t e  n it r o g e n , n o tw ith s ta n d in g  t h e ir  d iv e r g e n t p r o p e r t ie s , g e n e r a lly  have been c o n sid e re d  about e q u a lly  a v a i la b le  as so u rces o f  n itr o g e n  fo r  m icro o rg an ism s. Both io n s are known to  be u t i l i z e d  by la r g e  numbers o f  m icro ­organism s and both are commonly used in  m ic r o b io lo g ic a l  e x p e rim e n ts . That one form may be more r e a d ily  absorbed by
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m icroorganism s than the o t h e r , how ever, was f i r s t  su g g e ste d  by R ich ard  & Shrikhande (1935). They found th a t  ammonium was absorbed more r a p id ly  than n i t r a t e ,  p a r t i c u l a r l y  d u rin g  the e a r ly  s ta g e s  o f  a t t a c k  in  the d ecom p osition  o f  c e r e a l stra w . Ammonium s a l t s  are the most r e a d ily  a s s im ila t e d  n itr o g e n  so u rces fo r  most b a c t e r i a ,  a ctin o m y ce te s and f u n g i .  In l i k e  fa s h io n , ammonium is  p r e f e r e n t i a l l y  u t i l i z e d  in  the d eco m p o sitio n  o f  o r g a n ic  m atter (A le x a n d e r , 1961).Macura & Kune (1961; 1965a) re p o rte d  th a t  in o r g a n ic  n itr o g e n  and phosphorus le v e ls  in  s o i l  in flu e n c e d  the r a te  o f  g lu c o s e  m in e r a liz a t io n  in  the i n i t i a l  phases o f  co n tin u o u s c u l t iv a t io n  and the s iz e  and the co m p o sitio n  o f  b a c t e r i a l  p o p u la tio n s  in  the s o i l .  S to tz k y  & Norman (1961a;b) s tu d y in g  the d e g ra d a tio n  o f  g lu c o s e  in  the u su a l b a tch  c u l t u r e , found th a t  the c o n c e n tr a tio n  o f  in o r g a n ic  elem ents l i k e  n it r o g e n , phosphorus and su lp h u r l im it e d  the r a te  but not the e x te n t o f  g lu c o s e  d eco m p o sitio n  in  s o i l . In exp erim en ts co n ce rn in g  the m in e r a liz a t io n  o f  o r g a n ic  su b sta n ce s in  s o i l ,  g lu c o s e  is  o fte n  used as a s u b s tr a te  ( Ja n s s o n , 1960; M acura, S z 'o ln o k i, Kune, Vancura & B a b ie k y , 1965 ; Chahal & Wagner, 1965). S z o ln o k i , Kune, Macura & Vancura (1963) s tu d ie d  the e f f e c t  o f  g lu c o s e  on the m in e r a liz a t io n  o f  la b e l le d  a l f a l f a  th a t  had a lr e a d y  undergone d ecom p osition  fo r  some tim e in  s o i l .  By in c u b a tin g  d i f f e r e n t  f r a c t io n s  o f  a l f a l f a  in  s o i l  i t  was shown th a t  the g lu c o s e  e f f e c t  depended on the co m p o sitio n  and the degree o f  d eco m p o sitio n  o f  the added p la n t  m a t e r ia l . Sh ield s, P aul & Lowe (1974) in v e s t ig a t e d  in  the la b o r a to r y  thee f f e c t  o f  f r e s h ly  added la b e l le d  1 3 C -g lu c o s e  u s in g  s o i l  sam ples

r it h
1 4 C -g lu c o s e  and in cu b a te d  fo r
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60 days under f i e l d  c o n d it io n s . They found o n ly  a sm all p rim in g a c t io n  o f  1 4 C - la b e l le d  m a t e r ia ls , a r e s u lt  s u g g e s tin g  th a t  s t a b i l i z a t i o n  o f  the r e l a t i v e l y  la r g e  amount o f  R e ­la b e l le d  m ic r o b ia l m a te r ia l under f i e l d  c o n d it io n s  was due to a la c k  o f  n e ith e r  energy or n it r o g e n , nor was i t  s u s c e p t ib le  to p r im in g . However, S h ie ld s e t  a l  (1974) found th a t  th e re  was a marked p rim in g o f  n a t iv e  12C d u rin g  the i n i t i a l  in c u b a tio n  p e rio d  e f fe c t e d  by the a d d it io n  o f  1 3 C -g lu c o s e .The purpose o f  the exp erim ents d e s c r ib e d  in  t h is  s e c t io n  was to in v e s t ig a t e  the e f f e c t s  o f  g lu c o s e , m in eral n itr o g e n  and phosphorus on m in e r a liz a t io n  o f  n a t iv e  o r g a n ic  m atter and o f  fu n g a l m a te r ia l added to the s o i l .3 .3 .1 .  E f f e c t  o f  G lu co se on T ra n sfo rm a tio n  o f  M ycelium  in  S o i l .One column was packed w ith  500g o f  a i r  dry s o i l  (a g g re g ­a te s  2-5mm in  diam|fcer) amended w ith  a t o t a l  o f  16g wet w eight o f  A s p e r g i l l u s  n i d u l a n s  m ycelium  o f  w hich 5g were 1 4 C-labeH ed (275750cpm/g wet w eigh t o f  m yceliu m ). The packed s o i l  column was m oistened w ith  s t e r i l e  d i s t i l l e d  w a te r , made l i g h t  p r o o f and in cu b a te d  a t  25 °C . The column was p e rfu s e d  c o n tin u o u s ly  w ith  C02 - f r e e  a i r ,  u s u a l ly  1 2 0 0  m l.h  1, and w ith  s t e r i l e  g lu c o s e  s o lu t io n  (0.1°$ w/v) , a p p ro x im a te ly  10 m l.h  1 , fo r  35 d a y s , su b se q u e n tly  the column was p e rfu s e d  w ith  s te r ile  d i s t i l l e d  w ater a t  the same flo w  r a te  fo r  15 days and f i n a l l y  re tu rn e d  to  a g lu c o s e  flo w  u n t i l  the end o f  the e x p e rim e n ta l p e r io d .RESULTS.F ig u re  3 .3 .1  shows the p ro d u ctio n  o f  an i n i t i a l  la r g e  amount o f  C02 re a ch in g  a peak on day 2 and then d e c l i n in g . A h ig h  r a te  o f  C02 e v o lu tio n  was m a in tain ed  up to day 20 but
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t h e r e a ft e r  i t  d e c lin e d . On p e r fu s io n  w ith  w ater the r a te  f e l l  but then rem ained n e a r ly  c o n s ta n t . A gain  on resum ption o f  theg lu c o s e -flo w  th e re  was a peak o f  carbon d io x id e  p ro d u ctio nwhich decayed g r a d u a lly .Measurements o f  cu m u la tiv e  p ro d u ctio n  o f  carbon d io x id e  (F ig u re  3 .3 .2 )  in d ic a t e d  th a t  about 8420mg carbon d io x id e  had been e v o lv e d  d u rin g  s i x t y  days o f  in c u b a t io n . About 71% o f  the l a b e l ,  as ^ C -C O - ,, had been e v o lve d  d u rin g  th a t  p e rio d  o f  in c u b a tio n  (F ig u re  3 .3 .3 )  and 62% o f  which had been e v o lve d  in  the f i r s t  ten  days o f  the in c u b a tio n .Changes in  m ic r o b ia l number are g iv en  in  F ig u re  3 .3 .4 .  Numbers o f  b a c t e r ia  ro se to very  h ig h  v a lu e s  on day 10 and d e c lin e d  s lo w ly  d u rin g  the rem ainder o f  the e x p e rim e n ta l p e r io d . A ctin o m ycète  number in c r e a s e d  a p p ro x im a te ly  7 - fo ld  on day 10 and showed very  l i t t l e  change in  number th rou gh ou t the e xp e rim e n ta l p e r io d . The fu n g a l p o p u la tio n  a ls o  showed a s l i g h t  in c r e a s e  d u rin g  the e x p e rim e n ta l p e r io d  then d e c lin e d  s lo w ly .The le v e l  o f  8 -1 ,3  g lu ca n a se  a c t i v i t y  changed o n ly  s l i g h t l y  d u rin g  the f i r s t  35 d a y s , but th e re  was a s i g n i f i c a n t  r is e  fo llo w in g  p e r fu s io n  o f  the s o i l  w ith  w a te r; the a c t i v i t y  f e l l  s h a r p ly  a f t e r  resum ption o f  the g lu c o s e  flo w  (F ig u re  3 .3 .5 ) .Less than 100yg/ml carb o h y d rate  was d e te c te d  in  the e f f l u e n t  d u rin g  the f i r s t  f iv e  days o f  the e x p e rim e n t. More­o v e r , 1 14 C - la b e l le d  su b sta n ce s were not d e te c te d  in  the le a c h ­a te  th rou gh ou t the exp e rim e n t.The s o i l  was e x tr a c te d  fo r  p o ly s a c c h a r id e  by tre atm en t w ith  24N H2 S0 i, fo llo w e d  by d i lu t io n  to  N H2SCh and h e a t in g  a t 100°C. The h y d r o ly s a te s  were n e u t r a liz e d  w ith  barium  carb o n ate  and th e su gars se p a ra te d  by paper chrom atography as d e s c r ib e d  p r e v io u s ly  ( s e c t io n  2 .1 .4 .5 ) .  The d a t a , p re se n te d  in
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TABLE 3 .3 .1
Amount o f sugars in mycelium-amended s o il perfused continuously with glucose.

Time (Days) 0 1 0 32 50 . . . . .  _ ----------- - -  - -  -60
Sugars (mg / g so il)Glucose 7.5 7.3 7.2 7.2 7.3Galactose 2 . 2 2 . 0 2 . 0 2 . 0 2 . 0Mannose 2 . 0 2 . 0 1 . 8 1 . 8 1 . 8Xylose 1.9 1.9 1.9 1 . 8 1 . 8Rhamnose 1 .0 0.9 0.9 0.9 0.9Total Reducing sugar (as glucose) 20.4 18.0 18.0 17.8 18.0



TABLE 3, 3, 2Amounts of Humic and Fulvic acids extracted from the control and mycelium-amended so ils  at the end of the incubation period.Î
S o il treatment Humic acids (% ,w/w) Fulvicacids($, w/w) Elemental Analys. 

(%. w/w) Is
Humic acids Fulvic acidsC H N C H NNone (control so il)  Zero time 7.92 0.25 5.81 0.57 0.32 10.48 0 , 8 8 0.91GLucose Amended 4.32 0.75 7.09 1.99 0.85 8.97 1 . 1 1 1.23Control 4.62 1 . 1 0 9.54 0.71 1.16 1 0 . 0 0 0.69 0.91KN03 Amended ^ 3.96 0.70 8.15 1 . 1 0 1.08 9.65 0.91 1.24Control 4.32 0.30 7.08 2 . 0 0 0.89 11.83 1 . 8 8 0 . 8 6(NH4 ) 2  S04 Amended 3, 70 0.80 8.39 2.14 1.05 9.30 0.80 1 . 0 1Control 4.00 0.60 5.42 0.64 0.52 9.10 1 . 2 1 1.23(nh4 ) 2 hpo4 Amended 3.00 0.60 6.81 0.32 0.46 10.05 0.57 0.97

a) Indicates unamended s o il  perfused with and incubated under the conditions specified .b) Indicates mycelium-amended s o il perfused with and incubated under the conditions specified .
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T ab le 3 . 3 . 1 . ,  re v e a le d  th a t  the p a tte r n  and q u a n t it ie s  o f  su gars v a r ie d  very  l i t t l e  w ith  tim e . R a d io a c tiv e  carbon was n ot d e te c te d  in  any o f  the su gars e lu t e d .F r a c t io n a t io n  o f  o r g a n ic  m atter a t  the end o f  the e x p e r­im en tal p e rio d  shewed no w ater s o lu b le  com ponents. However, both humic and f u l v i c  a c id s ( F r a c t io n  D) were reco ve red  from the a l k a l i  e x t r a c t  o f  the s o i l .  The amounts o f  humic and f u l v i c  a c id s  and t h e ir  e le m e n ta l a n a ly s e s  are p re se n te d  in  T able 3 .3 .2 .  No la b e lle d  carbon was d e te c te d  e i t h e r  in  humic or f u l v i c  a c id  f r a c t i o n s .
3 .3 .2 .  E f f e c t  o f  P o tassiu m  n i t r a t e  on M in e r a liz a t io n  o f  Fungal M ycelium .Two columns were prep ared  w ith  500g a i r  dry s o i l  (2-5mm in  d iam eter a g g re g a te  s i z e ) , s o i l  in  one column was amended w ith  m ycelium  as in  s e c t io n  3 .3 .1 .  Columns were m oistened w ith  s t e r i l e  d i s t i l l e d  w a te r , made l i g h t  p r o o f and in cu b a te d  a t 25°C . Both c o n tr o l and amended s o i l  columns were p e rfu se d  c o n tin u o u s ly  w ith  C02- f r e e  a i r  (1200 m l.h  *) and w ith  s t e r i l e  KN03 s o lu t io n  (lOOyg N03 -N/ml) a p p ro x im a te ly  10 m l.h  1 fo r  35 d a y s . Su b se q u e n tly  both columns were p e rfu se d  w ith  s t e r i l e  d i s t i l l e d  w ater t i l l  day 50 a f t e r  which tim e p e r fu s io n  w ith  KN03 was r e s to r e d  fo r  a fu r t h e r  ten  d a y s .RESULTS.F ig u re  3 .3 .6  shows th a t  th e re  was a ra p id  and marked e v o l­u tio n  o f  carbon d io x id e  from the s o i l  amended w ith  m ycelium  which reach ed  a peak on day two; a f t e r  t h is  tim e the r a te  o f  p ro d u ctio n  d e c lin e d  p r o g r e s s iv e ly , but s t i l l  rem ained h ig h e r  than the c o n tr o l s o i l .  On ch an gin g  to  w ater p e r fu s io n  both amended and c o n tr o l s o i l  columns showed a s l i g h t  in c r e a s e  in
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th e p ro d u ctio n  o f  CO2 . On re tu rn  o f  KN03 p e r fu s io n  the p ro d u ctio n  d e c lin e d  and rem ained co n s ta n t t i l l  the end o f  the e x p e rim e n ta l p e r io d .F ig u re  3 .3 .3  i l l u s t r a t e s  the e v o lu t io n  o f  1 1 *C02 from the mycelium-amended s o i l ;  about 851 o f  14C has m in e r a liz e d  in  s i x t y  d a y s.Measurement o f  the cu m u la tiv e  p ro d u ctio n  o f  C02 d u rin g  60 days o f  in c u b a tio n  r e v e a le d  th a t  m in e r a liz a t io n  was 1151 h ig h e r  in  the amended compare to  the c o n tr o l s o i l  (F ig u re  3 .3 .7 ) .The a d d it io n  o f  m ycelium  to  s o i l  p e rfu s e d  w ith  KN03 s o lu t io nenhanced the m ic r o b io lo g ic a l  a c t i v i t y  (F ig u re s  3 .3 .8  and 3 .3 .9 ) .  B a c t e r ia l  number rose f i f t y - f o l d  by day 10, d e c lin e d  s l i g h t l y  by day 35 and then showed very  l i t t l e  d ecrea se  t i l l  day 60. A c t in ­omycète p o p u la tio n s  in c r e a s e d  t h i r t y - f o l d  and were m ain tain ed  at the h ig h  le v e l  th rou gh ou t the e x p e rim e n ta l p e r io d . In the c o n tr o l unamended s o i l  both b a c t e r ia  and a ctin o m y cè te  number showed no ch a n g e , rem ain ing a t a low le v e l  th ro u g h o u t. An in c r e a s e  in  the fu n g a l p o p u la tio n  a ls o  was reco rd ed  in  the amended s o i l  by day 
1 0  w hich d e c lin e d  s lo w ly  to the le v e l  o f  c o n tr o l s o i l  fu n g a l p o p u la tio n  by day 50.F ig u re  3 .3 .1 0  shows the le v e l  o f  8 -1 ,3  g lu ca n a se  a c t i v i t y  in  both amended and c o n tr o l s o i l .  In c r e a s in g  a c t i v i t y  was ob served th rou gh ou t the course o f  the e xp e rim e n t; the a c t i v i t y  o n ly  s t a r t e d  to  d e c lin e  a t the end o f  the e x p e rim e n t, day 60.There was no NHi»-N or N02-N d e te c ta b le  in  th e e f f l u e n t  th rou gh ou t the e x p e rim e n t. No marked change was ob served in  the c o n c e n tr a tio n  o f  N03-N in  th e e f f l u e n t  or in  the r e s e r v o ir  s o lu t io n  th rou gh ou t the p e rio d  o f  e x p erim en t.In the o r g a n ic  m a tte r f r a c t io n a t io n  a t the end o f  the e x p e r­iment w ater s o lu b le  components were not d e te c te d  in  e it h e r



Figure 3 .3 .6 . Dynamics o f 00 ̂  production from mycelium-amended and control so ils  under aerobic conditions during continuous flow o f KNÔ  solution (100yg N03  -  N/ml).At day 35 the flow was changed to one o f water and at day 50 the KNÔ  flow was restored.
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Figure 3 .3 .7 . Cumulative CÔ  production from mycelium-amended and control s o ils  under aerobic conditions during continuous flow o f KNOg solution. Other conditions as in Figure 3 .3 .6 .
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Figure 3 .3 .8 . Changes in  microbial populations during continuousflow o f KNOj solution through control and mycelium-amended s o ils ; aerobic incubation conditions.



Figure 3 .3 .9 . Changes in fungal population during continuous flow o f KNÔ  solution through control and mycelium-amended s o ils ; aerobic incubation conditions.
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mycelium-amended s o ils  during the continuous flow o f KNÔ  solution; aerobic incubation conditions. Other conditions as in  Figure 3 .3 .6 .
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c o n tr o l or amended s o i l ;  how ever, both humic and f u l v i c  a c id s  were re co v e re d  by a l k a l i  e x t r a c t io n  o f  the s o i l  as shown in T ab le  3 .3 .2 .  R a d io a c tiv e  carbon was not d e te c te d  in  e it h e r  humic or f u l v i c  a c id  f r a c t io n  o f  the amended s o i l .3 .3 .3 .  E f f e c t  o f  Ammonium S u lp h a te  on the T ra n sfo rm a tio n  o f  

A s p e r g i l l u s  n i d u l a n s  M ycelium  in  S o i l .Both c o n tr o l and amended s o i l  columns were p e rfu s e d  c o n tin  u o u sly  w ith  C0 2 - f r e e  a i r  and s t e r i l e  ammonium s u lp h a te  s o lu t io n  (lOOyg NH^-N/ml) a p p ro x im a te ly  10m l.h ' f o r  f o r t y  d a y s . Subsequ e n t ly  the columns were p e rfu se d  w ith  s t e r i l e  d i s t i l l e d  w ater a t  the same r a te  fo r  about twenty days then fo r  a fu r t h e r  p e rio d  o f  t h i r t y  days w ith  ammonium s u lp h a te  s o lu t io n .RESULTS.A ra p id  and m assive e v o lu t io n  o f  c a rb o n d io x id e  from the mycelium-amended s o i l  column o ccu rre d  d u rin g  the f i r s t  two d a y s , a f t e r  which i t  d e c lin e d  s lo w ly  (F ig u re  3 .3 .1 1 ) , On the f i r s t  day th e re  was a b u r s t o f  C02 p ro d u ctio n  from the c o n tr o l s o i l  column w hich d e c lin e d  and peaked a g a in  a t  day 6 ; then i t  d e c lin e d  s lo w ly  and rem ained co n s ta n t th rou gh ou t the rem ainder o f  the e x p e rim e n t. Change to w ater p e r fu s io n  d id  not s i g n i f i c ­a n t ly  a l t e r  the p ro d u c tio n  r a te  o f  ca rb o n d io x id e  in  e it h e r  colum n. The p e r fu s io n  w ith  ammonium s u lp h a te  was r e s to r e d  on 61 d ay , but a g a in  the p ro d u ctio n  o f  C02 rem ained a t  the low le v e ls  in  both the colum ns.D ata in  F ig u re  3 .3 .3 .  shows th a t  o n ly  about 521 o f  the added 1 ^ C - la b e l le d  m ycelium  was m in e r a liz e d  in  90 days and th a t  a p p ro x im a te ly  two t h ir d s  o f  th a t  e v o lve d  o ccu rre d  w ith in  the f i r s t  1 0  d a y s .F ig u re  3 .3 ,1 2  i l l u s t r a t e s  the cu m u la tiv e  p ro d u ctio n  o f
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carbon d io x id e  in  c o n tr o l and amended s o i l s .  D uring 90 days o f  in c u b a tio n  7137mg o f  C02 has e v o lve d  in  amended s o i l  column w ith  r e s p e c t  to  3483 in  the c o n t r o l . The m in e r a liz a t io n  r a te  is  about 105% h ig h e r  in  the mycelium-amended than in  the c o n t r o l .M ic r o b io lo g ic a l  changes d u rin g  the e x p e rim e n ta l p e rio d  is  p re se n te d  in  F ig u re s  3 .3 .1 3  and 3 .3 .1 4 . There was a p p ro x im a te ly  a 10-15 f o ld  in c r e a s e  in  the number o f  b a c t e r ia  and actin o m y ce te  o f  mycelium-amended compared w ith  c o n tr o l s o i l  w hich was m a in t­a in ed  th rou gh ou t the e x p e rim e n ta l p e r io d . The fu n g a l p o p u la tio n  was h ig h e r  in  the amended s o i l  column up to  40 d a y s , then i t  d e c lin e d  to the le v e l  o f  c o n tr o l s o i l .The le v e l  o f  8 -1 ,3  g lu ca n a se  a c t i v i t y  rose s l i g h t l y  in  both c o n tr o l and amended s o i l s .  In amended s o i l  the a c t i v i t y  d eclin ed  s l i g h t l y  a f t e r  p e r fu s in g  w ith  w a te r , but ro se on r e ­e s t a b l is h in g  the flo w  o f  ammonium s u lp h a te  so lu tio n , how ever, the a c t i v i t y  f e l l  s h a r p ly  in  the c o n tr o l column a f t e r  resum ption o f  the flo w  o f  ammonium s u lp h a te  (F ig u re  3 .3 .1 5 ) .The e f f l u e n t  was te s t e d  fo r  the p resen ce o f  ammonium, n i t r a t e  and n i t r i t e  io n s . The amount o f  n i t r a t e  and ammonium n itr o g e n  determ ined in  the o u tflo w in g  f l u i d  a t d a i ly  in t e r v a ls  i s  shown in  F ig u re  3 .3 .1 6 . In the m ycelium-amended s o i l  column e f f l u e n t  n i t r i t e  n itr o g e n  was d e te c te d  fo r  the f i r s t  ten  days (approxim ­a t e ly  0 .0 2 y g  N02 -N/ml) but none was d e te c te d  in  the c o n tr o l column e f f l u e n t .  V a ry in g  amounts o f  ammonium n itr o g e n  were d e te c te d  in  e f f l u e n t s  from the amended s o i l  column p r io r  to w ater p e r fu s io n  but a f t e r  p e r fu s io n  o f  w ater and r e - e s t a b l i s h ­ment the flo w  o f  ammonium su lp h a te  s o lu t io n  the amount o f  ammonium n itr o g e n  in c r e a s e d  s lo w ly  and s ta b iliz e d  a t a h ig h e r  l e v e l .  In the c o n tr o l s o i l  column v e ry  l i t t l e  ammonium n itr o g e n



Figure 3.3.11. Dynamics o f OĈ  production from mycelium-amended and control s o ils  under aerobic conditions during continuous flow o f Ammoniun Sulphate solution (ICO yg NH^-N/ml). At day 40 the flow was changed to one o f water and at day 60 the flow o f (NĤ ) 2  SO  ̂ was restored.
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Figure 3.3.12. Cumulative CĈ  production from my ce1ium-amended and control so ils  under aerobic conditions during continuous flow o f ammonium sulphate solution. Other conditions as in  Figure 3.3.11.
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Figure 3.3.13. Changes in  B acterial and Actinomycete populations during continuous flow o f ammonium sulphate solution through control and mycelium-?amended s o ils ; aerobic incubation conditions.
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Figure 3.3.14. Changes in Fungal population under aerobic conditions during continuous flow o f ammonium sulphate solution through control and mycelium amended s o ils .



6-1,3 
Glucan

ase ac
tivity

 (mg R
S/100 

g dry 
soil)

Figure 3.3.15. g-1,3 Glucanase a c tiv ity  in control and mycelium*-arended so ils  during the continuous flow o f ammonium sulphate solution; aerobic incubation conditions. Other conditions as in Figure 3.3.11.



Figure 3.3.16. Ammonium-N and Nitrate-N concentrations in the efflu en t from control and myce 1  iuin-amended s o il columns during the continuous flow o f ammonium sulphate solution; aerobic incubation conditions. Other conditions as in Figure 3.3.11.
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was d e te c te d  t i l l  day 40. A ft e r  p e r fu s in g  w ater and c o n tin u in g  the flow  o f  ammonium s u lp h a te  s o lu t io n  the ammonium-nitrogen in c r e a s e d  s lo w ly  and s t a b i l i z e d  a t a h ig h e r  le v e l  as in  the amended s o i l  column e f f l u e n t .  N it r a t e - n it r o g e n  was a t a h ig h , more or le s s  c o n s ta n t le v e l  in  the e f f l u e n t  from the c o n tr o l s o i l  colum n. There was a slow  in c r e a s e  and flu c tu a tin g  in  c o n c e n tr a tio n  o f  n i t r a t e - n i t r o g e n  in  the e f f l u e n t  o f  amended s o i l  column t i l l  day 40. A ft e r  p e r fu s in g  w ith  w ater and r e - e s t a b l is h in g  the flo w  o f  ammonium s u lp h a te  an in c r e a s e d  and s t a b le  c o n c e n tr a tio n  o f  n i t r a t e - n i t r o g e n  was re c o rd e d .Water s o lu b le  components were not d e te c te d  in  the o r g a n ic  m atter f r a c t io n s  o f  e i t h e r  c o n tr o l or amended s o i l s  a t the end o f  90 days o f  in c u b a t io n . However, both humic and f u l v i c  a c id s  were re co ve re d  as shown in  T ab le 3 .3 .2 .  L a b e lle d  carbon was not d e te c te d  in  e it h e r  humic or f u l v i c  a c id  f r a c t io n s  o f  the amended s o i l .3 .3 .4 „  E f f e c t  o f  Ammonium Phosphate on the T ra n sfo rm atio n  o f  M ycelium  in  S o i l .C o n tro l and amended s o i l  columns were p e rfu s e d  w ith  C02- fr e e  a i r  and s t e r i l e  ammonium phosphate s o lu t io n  (lOOpg NH^-N/ml) a p p ro x im a te ly  10m l.h 1 fo r  45 d a y s , then the columns were p e r ­fu se d  w ith  s t e r i l e  d i s t i l l e d  w ater a t the same r a te  fo r  25 days and f i n a l l y  changed to  the flo w  o f  ammonium phosphate s o lu t io n  fo r  a fu r t h e r  p e rio d  o f  2 0  d a y s .RESULTS.The dynamics o f  carbon d io x id e  e v o lu t io n  are i l l u s t r a t e d  in  F ig u re  3»3c17. There was an i n i t i a l  r a p id  r is e  in  the amended s o i l  column fo llo w e d  by a slow, p r o g r e s s iv e  d e c lin e s  There was a slow  r i s e  in  the p r o d u ctio n  o f  carbon d io x id e  in  the c o n tr o l s o i l  p e ak in g  on day 7 and then s lo w ly  d e c lin in g  and rem ain in g
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a t a low le v e l  th rou gh ou t the e x p e rim e n t. There was no s i g n i f i c a n t  change observed d u rin g  the p e r fu s io n  w ith  w a te r .In 90 days o f  in c u b a tio n  about 45.5% o f  the added 1 %C- mycelium  had been m in e r a liz e d , more than one h a l f  b e in g  e v o lv e d  in  f i r s t  ten  days (F ig u re  3 .3 .3 ) .Cumulative p r o d u ctio n  o f  carbon d io x id e  e v o lve d  d u rin g  90 days o f  in c u b a tio n  o f  both mycelium-amended s o i l  and c o n tr o l unamended s o i l  i s  i l l u s t r a t e d  in  F ig u re  3 . 3 . 1 8 .M ic r o b ia l p o p u la tio n s  in  mycelium-amended s o i l  column showed a ra p id  r is e  on day 5 (F ig u re s  3 .3 .1 9  and 2 0 ). The b a c t e r i a l  and m ic ro fu n g i p o p u la tio n  f e l l  on day 35 and then onwards rem ained c o n s ta n t . A ctin o m ycete p o p u la tio n s  rem ained c o n s ta n t th rou gh ou t the e xp e rim e n ta l p e rio d  in  the amended s o i l .3 -1 ,3  G lu can ase a c t i v i t y  showed an i n i t i a l  r is e  in  the amended s o i l ,  f e l l  sh a rp ly  by day 35 and then ro se r a p id ly  fo llo w in g  r e s t o r a t io n  o f  ammonium phosphate a f t e r  a p e rio d  o f  le a c h in g  w ith  w a te r . The a c t i v i t y  in  the c o n tr o l s o i l  in c r e a s e d  fo llo w in g  the second ammonium phosphate p e r fu s io n  (F ig u re  3 .3 .2 1 )Phosphorus was not d e te c te d  in  the e f f l u e n t s  from e it h e r  amended or c o n tr o l s o i l s  th rou gh ou t the e x p e rim e n t. N i t r i t e  n itr o g e n  was d e te c te d  in  tr a c e s  (a p p ro x im a te ly  0 .0 2 y g  NOfN/ml) fo r  about f i r s t  1 2  days in  the e f f l u e n t  o f  s o i l  amended w ith  m ycelium , but none was le a ch e d  from the c o n tr o l s o i l .  N it r a t e  n itr o g e n  in  both c o n tr o l and amended s o i l  column e f f l u e n t s  in c r e a s e d  steadily  and reach ed  a maximum on day 2 1  and by day 45 i t  had become s t a b i l i z e d  (F ig u re  3 .3 .2 2 ) , S u b s e q u e n tly , a g ra d u a l f a l l  o ccu rre d  when w ater was p e rfu s e d  through the columns w h ile  on resum ption o f  the ammonium phosphate flo w  th e re  was a ra p id  in c r e a s e  in  the n i t r a t e  n itr o g e n  which a t t a in e d  c o n s ta n t h ig h  le v e ls  t i l l  the end o f  the e x p e rim e n t. Ammonium n itr o g e n



Figure 3 .3 .17. Dynamics o f C07  production from mycelium-amended and control s o ils  under aerobic conditions during continuous flow o f anmonium phosphate solution (100 pg NH^-N/ml).At day 45 flow changed to one o f water and at day 70 ammonium phosphate was restored.
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Figure 3.3.19. Changes in B acterial and Actpapulations during continuous flow o f ammonium phosphatesolution through control and mycelium-amended s o ils ;aerobic incubation conditions.
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Figure 3 .3.20. Changes in fungal population during continuous flow o f ammonium phosphate solution through control and mycelium amended s o ils ; aerobic incubation conditions.
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Figure 3.3.21. $-1,3 Giucanase a c tiv ity  in control andmycelium-amended s o ils  during the continuous flow o f  ammonium phosphate solution; aerobic incubation conditions. Qther conditions as in Figure 3.3.17.



Figure 3.3.22. Ammonium-N and Nitrate-N concentrations in the efflu en t from control and mycelium-amended s o il  columns during the continuous flow of ammonium phosphate solution; aerobic incubation conditions. Other conditions as in  Figure 3.3.17.
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was s l i g h t l y  h ig h e r  in  the amended s o i l  column e f f l u e n t  d u rin g  the f i r s t  p e r fu s io n  sequence but g r a d u a lly  i t  d ecrea sed  to v ery  low le v e ls  d u rin g  p e r fu s io n  w ith  w a te r . F o llo w in g  the resum ption o f  ammonium phosphate flow  the ammonium n itr o g e n  in c r e a s e d  s l i g h t l y  and rem ained a t t h is  h ig h e r  l e v e l .  Ammonium n itr o g e n  o f  the c o n tr o l s o i l  column e f f l u e n t  rem ained a t very  low le v e l,s h o w e d  a s l i g h t  in c r e a s e  a f t e r  the w ater p e r fu s io n  and r e - e s t a b l i s h i n g  o f  ammonium phosphate s o lu t io n  (F ig u re  3 .3 .2 2 )  .F r a c t io n a t io n  o f  the o r g a n ic  m atter a t the end o f  the exp erim ent r e v e a le d  th a t  th e re  was no w ater s o lu b le  components in  e it h e r  the c o n tr o l or amended s o i l s .  However, humic and f u l v i c  a c id s  were re co ve re d  (T able 3 .3 .2 ) .  R a d io a c tiv e  carbon was n o t d e te c te d  in  e it h e r  humic or f u l v i c  a c id  fr a c tio n s .3.3. 5. DISCUSSION.Based on the cu m u la tiv e  p r o d u ctio n  o f  ^ C O z d u r in g  the co n tin u o u s flo w  o f  g lu c o s e  through amended s o i l ,  the m in e r a l­iz a t io n  o f  m ycelium  was in c r e a s e d  by a p p ro x im a te ly  1071 compared to th a t  under c o n d it io n s  o f  co n tin u o u s flo w  o f  w a te r . S i m i l a r l y ,  the o v e r a l l  r a te  o f  m in e r a liz a t io n  under the in flu e n c e  o f  g lu c o s e  (m ycelium , n a t iv e  o r g a n ic  m atter and g lu c o s e )  was about 79% g r e a te r  than w ith  w a te r . Macura e t a l  (1965) s tu d ie d  th e m in e r a liz a t io n  o f  1 !4 C -g lu c o s e  c o n tin u o u s ly  added to  s o i l  and found th a t  a f t e r  10 d a y s , 15% o f  the added ^ C - g lu c o s e  carbon had been o x id iz e d  to carbon d io x id e . F u rth e r th ey found th a t  some o f  the la b e l le d  carbon was le a ch e d  from the s o i l ,  presum ably in  the form o f  m e ta b o lite s  because g lu c o s e  was not determ ined in  the o u tflo w . E a r l i e r ,  V an cu ra , Macura & S z o ln o k i (1964) succeeded in  d em o n stratin g



150
some intermediate products (small amounts of v o la tile  fa tty  acids, pyruvic acid , a-ketogluta.ric acid and gluconic acid) during the continuous flow of glucose solution through s o il . Shieldset a l (1973) observed that 40 and 441 of added 
3 '4 C-glucose was respired by Sceptre f ie ld  s o il a fter 7 and 14 days respectively under fie ld  conditions. Subsequent experiments under laboratory conditions (Shieldset a l , 1974) indicated that 60 to 70% of the added carbon remained in the s o il after 14 days as synthesized microbial biomass or metabolites.In the current experiments the n itrate  had a profound e ffe ct on the mineral­ization of mycelium in the s o il . About 85% of the added labelled carbon o f the mycelium was mineralized as C02 in six ty  days. Cumulative production of C02 (Figure 3.3.7) revealed that the e ffe c t of n itrate  was more pronounced on the mycelium amended s o il than in the control s o il . N itrate induced no sign ifican t change in the rate of m ineralization of native organic matter ( Figures 3,2.3 and 3 .3 .7 ).Increased mineralization (approximately 27.5%) occurred in amended s o il perfused with ammonium ions, but again there was no sign ifican t e ffe ct on trans­formation of native organic matter (Cf Figures 3.3.11 and 3 .2 .3 ) . These data agree with those of Shieldset a l (1974); the la tte r  observed that the addition of NFhNOa by i t s e l f  had no e ffe c t on the amount o f native carbon respired.Transformation of added mycelial matter and native organic matter wasstimulated approximately 47 and 29% in amended and control so ils  continuouslyperfused with (NHlt) 2 HPOi4 compared to the s o il continuously perfused withwater (Qf Figures 3.3.18 and 3 .2 .3 ) . The transformation of native organicmatter in control s o il was higher with the addition of (NFh) aHPCh either withKN03 or (NH!f) 2 S01. but a reverse e ffe c t was observed on the transformation ofmycelium (see Figure 3 .3 .3 ). Macura et a l (1965) found that the amount of glucose carbon mineralized to C02 was higher i f  nitrogen and phosphorus were added to the s o il together with glucose. They also reported that the e ffe c t of mineral nitrogen and phosphorus was most pronounced during the in it ia l  period of the experiment.In summary, i t  can be co n clu d ed  from the cu m u la tiv e  p ro d u c tio n  o f  C02 from s o i l s  amended w ith  1 ^ C - la b e lle d  m y ce lia



that continuous perfusion with a variety of nutrient solutions stimulated fungal m ineralization in the decreasing order : KN03 >glucose >SÔ  > (NH4 ) 9 HP0 4  > water.Continuous stimulation by glucose, KNCh, (Nr̂ ) 2  SÔ  and (NH/.)..HPO/. also had an esp ecially  marked e ffe c t on the microfloras o f mycelium-amended s o il .Thus b a cte ria l, actinomycète and fungal populations increased several fold during these experiments and were maintained at higher levels (compared to control so ils) throughout the treatment period. However, populations in control s o ils  fed continuously with either (NH^)?SĈ  or (NH^HPO, also showed increases in number, but perfusion with KNCu did not produce a sim ilar response. Macura and Kune (1961) observed that a continuous addition o f glucose alone had l i t t l e  e ffe c t on the number o f bacteria in s o i l ,  but when glucose was supplied in the presence o f  ammonium and phosphate ions the number of bacteria was raised several fo ld . Shields et a l (1974) found higher plate counts?organisms in the glucose plus NĤ NÔ  treated s o il and they attributed th is response to a greater e ffic ie n cy  o f carbon u t iliz a t io n .In the glucose perfusion experiments, 3-1,3 glucanase a c tiv ity  increased s lig h t ly  from the zero time level but then increased rapidly following the replacement o f glucose by water; f in a lly  i t  f e l l  again following the resump­tion o f glucose perfusion. I t  is  postulated that the presence o f glucose was responsible for the repression o f glucanase synthesis and/or inhibition  o f enzyme a c t iv it ie s , such enzyme being p a rticu la rly  susceptible to catabolite repress ion contre 1 .The level o f 3-1,3 glucana.se a c tiv ity  in both control and amended s o il perfused with KNÔ  increased with time, s ig n ific a n tly  a fte r  writer perfusion, and then f e l l  on the réintroduction o f KNÔ  solution. This s lig h t inhibitory e ffe c t  o f n itra te  on enzyme a c tiv ity  was in accord with i t s  depressive e ffe c t  on theproduction o f carbon dioxide (Figure 3 .3 .6 ),3-1,3 Glucanase a c tiv ity  fluctuated in the presence o f ammonium sulphate and ammonium phosphate. The level o f a c tiv ity  f e l l  s lig h tly  in the control s o il a fte r  réintroduction o f ammonium sulphate solution.The overall a c tiv ity  remained high in both control and amended s o il perfused with ammonium phosphate. Rawald (1972) studied the e ffe cts  o f organic and mineral fe r t i l iz in g  on the a c t iv it ie s  o f polyphenoloxidase, tyrosinase, catalase and dehydrogenase enzymes which are compared with s o il chemical parameters and writh  the density o f b a cteria l population.Rawald reported that only in the case o f dehydrogenase did "complete" fe r t i l iz in g  (manure with NPK) stimulate enzyme a c tiv ity  more than did mineral fe r t i l iz in g  (NPK). Further, he concluded that in case of a l l  other investigated enzymes that i t  wfas impossible to establish  comparable correlations (Rawald, 1972).
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There was no d en itrificatio n  during the continuous flow of potassium n itrate either in the control or amended s o il  columns„The results agree with the findings of Macura & Kune (1965a) from th eir investigation of mineralization of glucose and potassium nitrate passed continuously through the s o il column.Perusal o f data in Figures 3.3,16 and 3.3,22 show the e ffe ct on addition of ammonium sulphate and ammonium phosphate on n i t r i ­ficatio n  in both control and mycelium-amended s o ils . The n itr ific a tio n  e ffe ct was more pronounced and reached a steady state condition during perfusion of ammonium phosphate than ammonium sulphate. This may be due to the e ffe ct o f phosphate on the increased rate of p roliferation  of n itr ify in g  bacteria as noted by Chase, Corke & Robinson (1967), Further Chase et  at  (1967) reported that the e ffe c t o f phosphate addition was stimulatory on n itr ific a t io n . N itr ifica tio n  was more rapid and in a marked steady state in both experiments a fter washing s o il with water and on reperfusion.Lees and Quastel (1946b) had also reported that lag in nitrate accumulation apparent on f ir s t  perfusing s o il  with a solution of ammonium did not occur i f  the same was washed and re-perfused with a sim ilar so lu tio n .0 n reperfusion a linear rate of nitrate-N - accumulation was observed and this was interpreted to mean that during the f ir s t  perfusion the n itr ify in g  population had reached a maximum - that is the so il had become "saturated” with n itrify in g  bacteria (Lees & Quastel 1946b)„There was more NH -̂N in the effluent o f mycelium-amended s o il than in the control, and there was a lag in n itrate production compared to the control s o il  n itr ific a tio n ,, Tandon (1972) has studied the e ffe ct o f various organic substances on n itr ific a tio n  and reported that in their presence Nitrosomonas p referen tially  u tiliz e d  the organic
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substrate and derive energy,, Further he reported that in the absence of organic substance (control) the bacteria derive energy for their growth and metabolism from the oxidation of ammonium sa lts  and therefore the n itr ific a tio n  takes place from the very beginning,,Compared to the humic and fu lv ic  acid extracted after 120 days of incubation of continuously water perfused aerobic s o il (Cf Table 3 ,2 d ), the amount o f humic and fu lv ic  acid extracted from the glucose and KNÔ  perfused s o il a fter 60 days and (N H ^  SO  ̂ and (NĤ )  ̂ HPÔ  perfused s o il a fter 90 days o f incubation is  substantially  higher (Table 3 ,3 ,2 ), Especially fu lv ic  acid content is  s ign ifica n tly  higher in a l l  treatments, Wojcik - Wojtkowiak (1972) studied the e ffe c t o f d ifferent forms of nitrogen fe r t iliz e r s  on the humification of 1 5 N~tagged straw, and reported that the amount of humic and fu lv ic  acid extracted with sodium hydroxide changed in the course o f incubation. The humus fraction doubled during the f ir s t  14 days of incubation compared with organic matter contents of the original s o il and subsequently decreased inten­sively  by day 112 in a l l  variants o f the experiment. The fu lv ic  acid content increased substantially in the f ir s t  14 days and rapidly decreased in the s o il with straw and (NH )̂  ̂ CÔ  by day 56, and so il with only straw decreased slowly by 1 1 2  days; the fu lv ic  acid content of s o il with straw and NaNÔ  remained at higher rate t i l l  day 1 1 2  o f incubation,,Data in Table 3,3,2 reveal that there was an enrichment o f carbon and nitrogen in the humic acids extracted from the s o il of a l l  the treatments studied. Compared to the humic and fu lv ic  acids of aerobic, water-perfused so ils  (see Table 3 .2 ,1 ), the carbon and nitrogen contents of these fractions from N-treated s o il was generally lowered. The data in Table 3.3,3 demonstrates clearly the e ffe c t of addition o f



TABLE'3 .3 .3Amounts of Humic and Fulvic acids mineralized in control and mycelium-amended so ils  *______________________________________Treatment Days of Incubation Extractable Humic & Fulvic acids (°s,dry w t. o f so il) Total Amount of Humic & Fulvic acids mineralized
Percentage of Humic & Fulvic acidsmineralizedNone (control so il) - 7.92 + 0.25 8.17 - -

GlucoseAmended 60 4.32 + 0.75 5.07 3.10 36.7Controla 60 4.62 + 1 . 1 0 5.70 2.47 30.2KNO3 Amended̂ - 60 3.96 0.70 4.66 3.51 42.9Control 90 4.32 + 0.30 4.62 3.55 43.4(NH4 ) 2  S04Amended 90 3.70 + 0.80 4.50 3.67 44.9Control 90 4.00 + 0.60 4.60 3.57 43.6(nh4 ) 2 hpo4Amended 90 3.00 + 0.60 3.60 4.57 55.9
a) Indicates unamended s o il perfused with and incubated under the conditions sp ecified .b) Indicates mycelium-amended s o il  perfused with and incubated under the conditions sp ecified .
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glucose and different forms of nitrogen on the mineralization o f added mycelium and native organic matter* Further calculations on the rates o f organic matter and mycelium mineralization w ill be discussed a l l  together in the fin a l discussion in Section 4*
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3.4, EFFECTS OF PESTICIDES ON FUNGAL TRANSFORMATION Introduction,An increasing number of xenobiotic compounds such as pesticides are being applied to s o il in order to control plant diseases, insect pests and weedso In addition, large amounts o f chemicals which are applied to plant foliage ultim ately pass into the s o il where they may have secondary e ffe cts  on plant growth due to their influence on s o il  microbial a c t iv it ie s . Persistent pesticides may be important for the protection o f certain crops but th eir possible phytotoxicity for succeeding ones makes their disappear­ance during a reasonable time period a desirable feature. Degradation by microorganisms plays an important part in the disappearance of pesticides from s o il (Audus, I960), Thus, environmental factors a ffe ctin g  the a ctiv ity  o f s o il microorganisms also may a ffe ct the persistance of biodegradable p esticid es. Of a l l  the pesticides that find their way into the s o i l ,  organic herbicides appear to be the most susceptible to microbial attack (Bolien, 1961) „Norman & Newman (1950) studied the persistence o f  some herbicides in s o il and found that the addition of organic matter accelerated th eir disappearance. Subsequently Ogle & Warren's (1954) studies with Monuron (3-(4-Cholorophenyl)-l,l-dimethylurea), TCA (Trichloroacetate), Chloro- propham (Iso propyl N- (3-Choloropheny 1) Carljmate) and Naptalam (N-l-Naph- thylphythalamic acid ), Rahn & Baynard's (1958) with Monuron, Kaufman's (1964) with. Dalapon (2,2'-dichloropropionic acid) and McCormick & H iltbold 's (1966) with Atrazine (2-Ch^loro-4-ethyl amino-6 -isopropyl-amino-1 ,3 ,5 -triazine)

and/Diuron (3-(3,4-dich~lorophenyl)- 1 , 1 -dimethylurea) y a ll  indicated that herbicide breakdown rates in a range of s o il types increased as the s o il organic matter increased,A number o f simple chlorinated alip h atic acids are phytotoxic - but only two, Dalapon and TCA, are widely used for weed control. These compounds are commonly applied as th eir sodium sa lts  at the rate of 5-50 lb s, per acre (Thomson, 1967a), Numerous studies of the persistence of these compounds in s o il have been conducted (see for example Thiegs, 1962; Kearney, Kaufman &



157Alexander , 1967 ) while several environmental factors affectin g  the metabolism o f chlorinated alip h atic acids in s o il  have been studiedo Ihiegs (1955) reported that Dalapon disappeared most rapidly from warm, moist so ils  and he attributed this to decomposition by microorganismso Holstun & Loomis (1956) described the use o f a plant bioassay procedure for determining the loss o f Dalapon and stated that for most herbicides detoxification by decomposition appears to be primarily a function of microbiological a c t iv ity „ The major factors governing microbial destruction o f herbicides in s o il appear to be temperature, moisture, pH, depth and organic matter level (Alexander, 1961; Kaufman, 1964)»Several investigators have demonstrated that microorganisms e ffe ctiv e ly  degrade Dalapon in s o il (Table 3„4,1) and the kinetics involved are consistent with the hypothesis that in the presence of Dalapon certain microorganisms undergo adaptation and became capable o f u t il iz in g  i t  as a source o f carbonD The decomposition o f the chloro substituted alip h atic  acids is  usually accompanied by a dehalogenation„Triphenyltin compounds are used increasingly as agricultu ral fungicides„ Triphenyltin acetate (Fentin acetate) is  used extensively in Europe to control 
Phytophthorajinfestans on potato (potato b light fungus),, Cercospora b etioo la  on sugar beet and Septoridfcpii on celeriac and other phy topathogenSo Organo- tin  compounds are comparable in their potency and s p e c ific ity  with the copper containing fungicides (van der Kerk, 1970)„ Triphenyltin acetate is  applied at the rate o f 0„25 to 0„5 lb , per acre (Thomson, 1967b)„ These compounds may be broken down by both physical and chemical actions into presumed non- toxic inorganic tin  (Barnes, Bull & P o lle r , 1971)0Recently Barnes, Bull & Poller (1973) investigated on the persistence of fentinjacetate in s o il and found that i t  was decomposed quite rapidly by microorganisms, the h a lf  l i f e  in an agricultural loam s o il being about 140 days« Further these authors accomplished the isolation  of several microorganisms active in the metabolism o f Fentin acetate»The object o f the experiments described in this section was to investigate



TABLE 3 . 4 , 1 .
Organisms which are known to attack chloro-substituted alip h atic acids.

Organism Substrate Reference
Pseudomonas ) Monochloroacetäte )) 2,2-DichloropropionateCoryne bacterium Jensen (1957a))Arthrobacter ) Dalapon and Trichloro- ) acetateAgrobacterium )
Trichoderma ) Sodium mono ) CbloroacetatePénicillium ))) Jensen (1957b)Clonostachys
Agrobacterium ) Dalapon)) Magee & Colmer (1959)Pseudomonas
Nocardia ) Dalapon )) Hirsch & Alexander (1960)Pseudomonas
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the effects o f a range of concentrations of an extensively used herbicide (Dalapon) and a fungicide currently under consideration for use in the U-,K (fentin acetate) on transformation o f the native organic matter and fungal material added to soil» Preliminary experiments (Bames et a l . 1973) have shown that fentin acetate does not have a deleterious e ffe c t  on n itr ific a tio n  in soilo3 4 1. 2,2 1 - Dichloropropionic acid (Dalapon)Two columns were packed with a ir  dried s o il (500g, 2*5 mm aggregates) amended with 2 ,2 t~dichloropropianic acid (sodium s a lt , Koch ligh t Laboratories) at the rate of 100 p,p„m0 In one column the s o il was amended with mycelium as described in 3„3do The so il columns were moistened with s te r ile  d is t ille d  water, made lightproof to prevent photodecomposition o f the herbicide and algal growth, and then incubated at 25°C0 Both s o il columns were perfused continuously with C02~free a ir  (usually 1 2 0 0 ml h )̂ and a s te r ile  aqueous solution o f 10 00 ppm Dalapon (approximately 10ml h )̂ for eight days,, At the end o f eight days the concentration o f Dalapon was increased to 2500 p pm and5000 ppm  a fte r 2 1  days; the incubation continued up to 60 days»RESULTSEvolution o f CÔ  from mycelium-amended and unamended so ils  is  shown in Figure 3„4,I» The highest rate o f carbon dioxide evolution in amended so il was recorded on day two and a fte r  this in it ia l  peak the rate o f decomposition f e l l  slowly to the level of unamended soil,, The cumulative production o f CÔ  is  illu stra te d  in Figure 3.4„2. Carbon m ineralization was 90% greater in the mycelial amended s o il as compared with unamended s o il in 60 days. Figure 3 .4 .3 . shows the cumulative production o f ^ C 0 2; about 28% o f added ^ C -lab elled  mycelium was mineralized in 60 days (Cf Figure 3„3„3 "water" control).Bacterial numbers in the mycelium-amended s o il increased approximately

PPm
6 -fo ld  during perfusion with 1000/ Dalapon (Figure 3.4.4) but the number fe l l

' p p m*4-fold when concentration was increased to 2 5 00 / Sim ilarly actinomycete



Figure 3 .4 .1 . Dynamics o f CĈ  production from mycelium-amended and control s o ils  under aerobic conditions during continuous flow o f varying concentrations o f Dalapon.The arrows at days 8  and 21 indicate changes in Dalapon to higher concentrations.



500

400

300

200

100

0

10
0

0
 ppm

Figure 3 .4 .1 .

— i------------------1----------------------1_____________i________________ i_____________ i10 20 30 40 50 60Time (Days)



Evolut
ion (m

g)

Figure 3 .4 .2 . Cumulative CQ2  production from mycelium-amended and control s o ils  during continuous flow o f varying concentration o f Dalapon.
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Figure 3 .4 .3 . Release of ^CO  ̂ from ^ C -la b e lle d  mycelium during the continuous flow o f water or Dalapon through s o il  columns ; aerobic incubation conditions.
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population increased 5-fold in it ia l ly  in the mycelium-amended s o il , then declined as the Dalapon concentration was raised and remained constant u n til the end of the experiment,, The b acterial and actinomycete populations in the unamended control so ils  remained constant throughout the period o f experiment and apparently were unaffected by the presence o f the herbicide,, Figure 3o4„5 illu stra te s  an increase in the fungal population in mycelium- amended s o il compared to the unamended s o il ,g-1,3 Glucanase a ctiv ity  was high in the amended s o il during perfusionPPmwith |0 0 0/Dalapon and f e l l  to the zerotime level when the concentration was raised (Figure 3,4„6 ) 0 In unamended control so il the glucanase a ctiv ity  f e l l  sharply when the s o il  was treated continuously with the highest concen­tration of Dalapon,304„2o Triphenyltin acetate (Fentin acetate).Four columns were packed with 500g o f a ir  dried s o il amended respectivelywith fentin acetate (kindly suppliedby Dr, R, C. P o ller, Queen ElizabethCollege, London) at the rate o f 100 ppm, 100 ppm, 250 ppm and 500 ppmoOne of the 1 0 0  ppm Fentin acetate amended columns was retained as a controland the other three s o il columns were amended with mycelium (for d etails seeSection 3o3„l)o The columns were moistened with s te r ile  d is t ille d  water,made ligh t proof (Fentin acetate is susceptible to photolytic degradation;Barnes et a l , 1973) then incubated at 25°C0 A ll four columns were perfused

“ 1 ccontinuously with CO^-free a ir  (usually 1200 ml h ) and aqueous fentinhcetate (1 0 ml h \  1„06 mg/lit re w/v) to compensate for the predicted decay rate (Barnes et  a l , 1973)0RESULTSThe rate o f production was highest with 100 ppm mycelium-amended s o il (Figure 3c4 , ! )•  Unamended 100 ppm Fentin acetate treated s o il showed an in it ia l  burst of CO2  production which f e l l  rapidly to a low constant level (Figure 3„4o7) 0 In Figure 3o4n8„ is  shown the cumulative production
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of CÔ  from a l l  four treatments« At the end of 60 days incubation to tal CO2  evolved followed the order: 100 ppm amended >250 ppm > 500 ppm > 100 ppm unamended soil« Carbon mineralization was almost 1001 greater in the 100 ppm mycelium«amended s o il as compared with 1 0 0  ppm unamended s o il (control), and about 111 and 251 greater than the 250 and 500 ppm amended so ils  respectively« The to tal evolution o f as ^C0 2  at the end of 60 days incubation (Figure3,4,9) was 24,71» 23,51 and 221 for 100, 250 and 500 ppm amended so ils  respec­tiv ely  (Cf Figure 3«3,3 "water" control)«In unamended s o il the bacterial population remained at a constant level throughout the experiment whereas in mycelium-amended s o ils  the numbers o f bacteria increased from zero time levels and those were maintained u n til the experiment was terminated (Figure 3„4, 10)« The actinoirycete population pattern was very sim ilar to that o f the eibacteria (Figure 3,4,11),Higher numbers o f microfungi were recorded in mycelium-amended s o il compare to the unamended s o il (Figure 3,4,12) but a reduction in numbers was noticeable in 500 ppm amended s o il ,Figure 3o4c, 13 shows the a c tiv ity  o f 3-1,3 glucanase, There was an in it ia l  increase in a ctiv ity  in the 1 0 0  ppm amended s o il which f e l l  rapidly on day 2 0 , recovered slowly and returned to the zerotime a ctiv ity  by day 60„ The 100 ppm control s o il  glucanase a ctiv ity  also f e l l  to a low level on day 20 but then increased throughout the remainder o f the experiment. In so il column amended with 250 and 500 ppm Fentin acetate the 3-1,3 glucanase a c tiv ity  increased slowly a l l  the time of the experiment.



Figure 3 .4 .7 . Dynamics o f C02  production from mycelium- amended and control so ils  under aerobic conditions during continuous flow o f aqueous fentin-acetate (TPTA).
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3 ,4 ,3 . Piscuss ionoCumulative production of CÔ  from both control and mycelium-amended s o il perfused with varying concentration of Dalapon for sixty  days showed no sign ifica n t difference in the overall rate of mineralization compared to the aerobic water perfused condition (Figure 3,2,3),, However, 44C (CC )̂ evolved from the mycelial m ineralization showed about 6% less carbon was mineralized during Dalapon perfusion, Several investigators have reported the microbial degradation o f Dalapon, and a number of s o il  microorganisms have been reported to metabolize Dalapon as shown in Table 3,4,1 (Jensen, 1957a & b», Magee & Colmer, 1959' Hirsch & Alexander, 1960). Holstun & Loomis (1956) reported that the decomposition of Dalapon in s o il  was primarily a function o f the microbiological population and factors influencing the decomposition rate such as temperature and moisture were considered to act in d irectly  by affectin g  the a ctiv ity  o f the micro­organisms » Thiegs (1955) found that fresh additions of Dalapon to so il were decomposed more rapidly than the in it ia l  application. He also reported that the addition of organic matter increased the rate of disappearance of Dalapon and that Dalapon did not disappear from s te r iliz e d  s o i l ,  Hirsch & Alexander (1960) demonstrated the evolution of 14C (CO )̂ from the metabolism o f 4 4 C-labelled Dalapon,The addition o f Dalapon apparently showed no inhibitory e ffe c t  on the microbial population o f both control and mycelium-amended s o il .Newman & Downing (1958) reported that Dalapon stimulated b acterial growth when applied at 6 8  pounds per acre. Further they reported that the evolution o f carbondioxide from so ils  in the presence of herbicides may be used as a criterion  o f influence on the microbial population as a whole, .8-1,3 Glucanase a ctiv ity  in the mycelium-amended s o il perfused
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with Dalapan showed no marked change compared to the aerobic water perfused mycelium-amended soil« However, the a ctiv ity  in the control s o il f e l l  sharply with increasing concentration of Dalapon» The results o f many investigations have demonstrated that herbicides applied at the recommended f ie ld  rates generally have no harmful effects  upon the microflora or upon its  biochemical a c t iv it ie s . Only at concentrations many fold  higher than those recommended are these chemicals to xic; often the f ir s t  sign o f inhibition does not appear u n til herbicide levels of one hundred times the accepted rates are added to s o il  (Alexander, 1961)0Data from the present study clearly  demonstrate the inhibitory e ffe ct of triphenyltinjacetate on the production of carbon dioxide in the soil,,Marked inhibition was observed at the highest concentration o f the fungicide used in the mycelium-amended s o i l ,  and also in unamended control s o il with 100 ppm o f fentinjacetate« Compared to ^C-m ineralization in water-perfused s o i l ,  the evolution o f ^CiCC^) from ^C-mycelium in the presence of different concentrations of triphenyltin acetate was s ig n ifica n tly  inhibited,, Recently Kamath & Vasantharajan (1973) reported the e ffe c t  of fungicide Dexon (p-dimethyljaminobenzendiazo sodium sulfonate) on CĈ  production from s o il amended or not with organic matter,, Dexon was found to retard the breakdown o f glucose and paddy straw added to soil« Inhibition of CÔ  production occurred during the early stages o f glucose decomposition and in the case of straw throughout the 60-day period o f study« Furthermore they reported that addition of organic nutrients appeared to fa c ilita te  the degradation of Dexon, glucose being more effe ctiv e  than straw«Increased to ta l production of CĈ  in this study may be from the decomposition o f fentiriacetate in soil» Barnes e t  a l . (1973) reported the evolution of (GC )̂ from ^ C - labelled triphenyltin acetate by s o il microorganismso They reported that the fungicide decomposed in so il without any lag period« F ifty  per cent of the added fungicide was
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decomposed in 140 days o f incubation in s o il (Barnes et at ,  1973).Different concentrations o f fentin acetate did pot appear toinhibit p articu larly  the bacterial and actinomycete population in s o il .However an inhibitory e ffe c t was observed on the fungal population atthe highest concentration of fentin acetate used. These results arein accord with those o f Martin & Pratt (1958) who reported that bothbacteria and actinomycetes multiplied rapidly a fte r fumigation orfungicidal treatment and within £ few days were usually much morenumerous than in untreated s o il .In both 100 ppm fentin acetate, mycelium-amended and unamendedsoils the pattern o f 8 - 1 , 3  glupanase a ctiv ity  remained sim ilar to thato f the wpter perfused aerobic s o il condition. Higher concentrations(250 & 500 ppm) of the fungicide appealed to sta b ilize  the 
and/or a c t i v i t yproduction^of 8-1,3 glucanase a&tdwctx in mycelium-amended so il (Cf Figure 3,4,13).
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4, DISCUSSION AND CONCLUSIONSThroughout this work the parameter of CÔ  evolution has been taken as the primary measure of carbon m ineralisation. This choice was made deliberately in order to make r e a lis t ic  comparisons between the data obtained from this and previously published investigations. I t  has been advocated recently (Witkamp, 1973) that individual investigators should relate both f ie ld  and laboratory observations either to rates of CO2 evolution or rates of substrate lo ss . In the present studies, rates o f C0 2  evolution proved to be the most easily  and accurately measurable of these two parameters. This fin a l discussion section summarises observations o f the mineralization and s ta b ility  o f the readily decomposed and the humus components o f the s o il organic matter in relation to various experimental treatments (see Table 4 .1 ); and the priming e ffe c t  which such treatments induced. These data are compared with some reports of higher plant decomposition and humifi­cation.Chase & Gray (1957) used Warburg manometry to analyse the respiratory a ctiv ity  o f so ils  over periods o f several days. They postulated that carbon dioxide evolution from s o il resulted from (i) a slow breakdown o f humus and ( ii)  a rapid breakdown of more readily metabolisable organic matter. Further, they argued that these two f ir s t  order reactions would be superimposed and that plots of the logarithm of C0 2  evolution against linear time would produce curvi-linear graphs,, By assuming that the second or linear portion o f the curve would be due to the breakdown of humus, this "humus line" may be extrapolated to zero time, on the premise that humus was being degraded at a constant rate since the beginning of the experiment. Consequently i t  becomes possible to calcu late , by difference, the rate
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of oxidation of the more readily degradable organic fraction . When the data from Chase & Gray's experiments were plotted as logarithms o f daily rates against time, the predicted curvi-linear result was obtained and a reasonable approximation to a second straight line was obtained from the difference calculation .The data from the present experiments were examined by plottin g  the logarithms of the rates of CÔ  evolved (means o f cumulative CĈ  production) against time. These plots revealed a definite tendency to give a graph with an in it ia l  curve followed by a straight line (see Figures 4,1 to 4,10), Chase & Gray (1957), by making short term experiments, ascertained the h a lf- liv e s  o f the two substrates to be 1,4 days for "readily decomposible" organic matter and 15,6 days for "humus m aterial". These authors suggested that the derivation of degradation rates for the more resistant forms of humus would require longer term experiments. Such prolonged incubation experiments have been made in the present study and the h a lf-liv e s  have been calculated for the readily decomposible organic substrates and the humus materials in the s o il ;  these calculated values are presented in Table 4 ,1 ,Maximum time taken for decomposition o f both readily decomposible substrates and humus materials occurred under anaerobic conditions of s o il incubation. Both glucose and inorganic nitrogen compounds stimu­lated the mineralization o f organic matter but the e ffe ct of Dalapon and triphenyltin acetate on these transformations was even more dramatic,A number of studies have been made o f carbon mineralization in so ils14using radio tracers. Thus Chahal & Wagner (1965) observed that C~ glucose decompositon was rapid in s o il and after a period of several months, about 251 of the label had become incorporated into microbial tissues or into the s o il  organic matter; the remainder of the label was
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Figure 4 .2 . Evolution o f C02  from mycelium-amended and control so ils  under anaerobic conditions during continuous flow of water.Other d etails  as in Figure 4 .1 .
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Figure 4 .3 .  E vo lu tio n  o f  from mycelium-amended and co n tro ls o i ls  during cy cle s  o f  drying and w etting  under aerob ic incubationc o n d itio n s . Other d e t a ils  as in  fig u r e  4 .1 .
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Figure 4.7.  Evolution o f C09 from mycelium-amended and control s o ils  under aerobic conditions during continuous flow o f amponium-sulphate solution (lOOpg NĤ  - N/ml). At day 40 the flow was changed to one of water and at day 60 the flow of (MI^)SO  ̂ was restored. Other d etails as in Figure 4.1.



Figure 4.8,  Evolution o f CĈ  from mycelium amended and control so ils  under aerobic conditions during continuous flow o f ammonium phosphate solution (100yg/ NHj -  N/ml). At day 45 flow changed to one o f water and at day 70 ammonium phosphate was restored.
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CĈ pr
oducti

on (y
g/g/h)

.
1.5

Figure 4 .8 .



Figure 4 ,9 , Evolution o f CĈ  from mycelium amended . and control s o ils  under aerobic conditions during continuous flow o f valying concentrations o f Dalapon. Other d etails  as in Figure 4 .1.
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Figure 4.10. Evolution o f CÔ  from mycelium amended and control s o ils  under aerobic conditions during continuous flow o f aqueous fentin  acetate (TPTA). Other details as in Figure 4 .1 .





TABLE 4.1H a lf-liv e s  of readily decomposable and humus materials in s o il subjected to various treatments.
Treatment Incubation period (Days) Readily Decomposible Material Humus MaterialControlS o il AmendedS o il ControlS o il AmendedS o il
Aerobic 1 2 0 33 15 430 334.5Anaerobic 1 2 0 301 43 2006 334.5Wetting & Drying 1 0 0 nc 14.3 376.3 141.3Spores viable 90 nd 10.3 nd 2 2 1k ille d 90 nd 10.3 nd 188Glucose 60 nd 1 0 nd 125KN03 60 nc 7.7 nc 150(MI4 ) 2  so 4 90 14.3 6 . 8 273.6 103(nh4 ) 2  hpo4 90 1 1 7.5 376.3 1 0 0Dalapon 60 5 5 150 52.8TPTA 100 ppm 60 5 7.5 150 75.3250 ppm 60 nd 7.5 nd 75.3500 ppm 60 nd 8.3 nd 75.3

nc = not possible to calculate a meaningful rate from the graphnd = control not done.
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liberated from the s o il as ^ 0 0  ̂ during the la tte r  phases o f experiment,a slow release o f ^ 0 0  ̂ suggested that microbial tissues and productsresistant to rapid decay were being transformed. More recently Sorensen& Paul (1971) found that labelled acetate was metabolized with ah a lf - l i fe  of 3,4 days under laboratory conditions. This phase of14metabolism was followed by a slow decomposition o f C-amino acids and 14C-amino sugars formed during the in it ia l  incubation period, Sorensen(1972), from plots o f decay curves, calculated that the h a lf-liv e s  of 14C-amino acids were o f the order o f 6  to 7 years. Further work from Paul's laboratory (Shields e t  a l , 1973) has been concerned with the transformation o f ^C-glucose and "^NO  ̂ added to s o il under fie ldconditions. I t  was observed that the substrates added to s o il  were rapidly assimilated into microbial tissue or transformed into organic metabolites. Furthermore Shields e t  alreported that these immobilized radioactive metabolites had a high degree o f s ta b ility  throughout the period o f the f ie ld  study. Thus the h a lf - l i f e  o f labelled carbon remaining in the so il a fter 32 days was calculated to be 180 days; in comparison the h a lf - l i fe  for the in it ia l ly  added glucose was only 4 days. The fate of labelled plant residues in s o il also has receivedconsiderable attention, Jenkinson (1965) investigated the loss of 14carbon when C-labelled rye grass was mixed with s o il and allowed to decompose in the f ie ld . He found that labelled carbon was lo st rapidly during the f ir s t  few months but thereafter the rate declined greatly , Jenkinson estimated th at, over a s ix  months period, the h a lf - l i fe  of added labelled carbon was 4 years whereas the unlabelled carbon o f the native organic matter had a h a lf - l i fe  o f 25 years.Shields & Paul (1973) also followed the distribution o f labelled straw through the s o il organic fractions and found that b iological products
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arising from the rapid in it ia l  attack on easily  degradable plant components exhibited a high degree o f s ta b ility  in sceptre s o il under fie ld  conditions »Returning to the present programme i t  was shown that the addition of mycelium to s o il  generally resulted in a marked increase in the rate o f decomposition of native organic matter. The magnitude o f the priming action varied with the treatments. The carbon dioxide evolution data from the control and mycelium-amended s o il perfused continuously with water, various nutrient and pesticide solutions during the course o f 60 days incubation are presented in Figure 4.11. The addition of mycelium had a greater stim ulating influence on the decomposition o f native s o il organic matter in the s o il perfused with (N H ^  HPO ,̂ dalapon and fentin acetate than in water and (NH^^ SÔ  solution. Negative priming e ffe c t in the s o il perfused with KNÔ  solution was observed.The rate of loss of native s o il organic matter differed s ig n if i ­cantly between control unamended s o il compared with s o il perfused continuously with water and other nutrient solutions, In particular when the e ffe cts  o f the three nitrogen sources are compared i t  is clear that the m ineralization of native organic matter was pronounced in the presence of (NĤ )^ HPO ,̂Shields e t  a l (1974) investigated the e ffe c t  o f adding ^ C -  13glucose, NĤ NÔ  or C-glucose plus NĤ NÔ  to samples of Brown chemo-14zemic s o il which had been amended in it ia l ly  with C-glucose and incubated for 60 days under fie ld  conditions. At the end o f 14 daysincubation underlaboratory conditions they observed that 39% and 33%13 13 13o f C had been evolved as CÔ  from the C-glucose and C-glucoseplus NĤ NÔ  treated s o il respectively. These two treatments resulted



199
12in a marked priming of native C, i„e„ more than 80% mineralization,,In contrast there was only a small priming action o f "^C-labelled materials i „ e „ , less than 1% mineralization of FurthermoreShields e t  a l  found that addition o f NĤ NÔ  by i t s e l f  had no e ffe ct on the amount of or mineralization,, In the present study there was very l i t t l e  e ffe c t in mineralization o f native organic matter o f s o il perfused with KNÔ  and (NĤ )^ SO  ̂ compared to water- perfused control soilo However, perfusing the s o il with (NĤ ) 2  HPÔ  had a s ig n ifica n t e ffe c t on the m ineralization of native s o il organic matter»The perusal of the data in Figure 4.11 c learly  shows the pronounced priming e ffe c t  in mycelium-amended s o ils  perfused with fentin acetate and with Dalapon. Kamath & Vasantharajan (1973) investigated the persistence and e ffe c t of the fungicide Dexon on s o il respiration. They found that simultaneous addition of straw and Dexon to s o il resulted in an increased carbon balance, but sim ilar influence in glucose treatments was not observed. This might be due to the inhibition  o f straw metabolism by Dexon in s o il .However, they found that the addition of fungicide alone without any supplementation resulted in a loss of organic carbon from the s o il , suggesting the breakdown o f native organic matter during the metabolism of Dexon„The findings o f the present study suggest that the dynamics of fungal transformation in aerated s o il are sim ilar to those reported for green manure (Broadbent, 1947; Hallam & Bartholomew, 1953; Sauerbeck, 1966; Sorensen, 1963). The priming action o f the fungal amendment persisted for about 45 days, i „ e „ , for as long as i t  comprised the major portion of the to ta l decomposing organic carbon. Fungal residues
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persisting a fter this time were mineralized at the same rate as the native organic matter with which i t  presumably equilibrated quite rapidlyo These results seem to confirm the idea suggested by Broadbent (1947) and Hallam & Bartholomew (1953) that organic amendments may exert a priming action as long as they constitute a considerable part of the to ta l decomposing mass.In general the continuous addition of agricultural chemicals to the s o il amended with ^ C -la b e l led mycelium further enhanced the priming e ffe c t; except the addition o f KNÔ  which apparently had a negative e ffe c t on the transformation of native organic matter.



Figure 4.11. Evolution o f CCE, from control and mycelium- amended s o ils . The priming action: The amount o f organic carbon lo st by the priming action in a given time was calculated as x-y-z (Jenkinson, 1966) ,  where x is  the to ta l amount o f CCh evolved from a s o il incubated with fungal mycelium, y is  that part of x which comes from the mycelium m ineralization and z the background 0 0  ̂ evolved when the s o il is  incubated alone.
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41, 176-181.GRAY, P. H. H. & WALLACE, R. H. (1957) Correlation between bacterial numbers and CĈ  in a f ie ld  s o il . Canadian Journal o f  Microbiology 5, 191-194.GRAY, T. R. G. & WILLIAMS, S. T. (1971) Microbial productivity in s o il . In M icrobial -productivityf pp. 255-286. Edited by D. E. Hughes and A. Rose. 21st Symposium o f  the Society  fo r  General M icrobiology3 Cambridge University Press, Cambridge,GREENWOOD, D. J .  (1961) The e ffe c t of oxygen concentration on the decomposition o f organic materials in s o il . Plant artd S o i l  14 3 360-376.GREENWOOD, D. J .  (1962) N itr ific a tio n  and nitrate dissim ilation in s o il . i i .  E ffe ct o f oxygen concentration. Plant and S o i l  17 3 378-391.GREENWOOD, D. J .  (1967) Measurement of microbial metabolism in s o il .In The Ecology o f  S o i l  Bacteria ,  pp. 138-157. Edited by T. R„ G, Gray and D. Parkinson, Liverpool University Press, Liverpool,GREENWOOD, D. J .  & BERRY, G, (1962) Aerobic respiration in s o il  crumbs.
Nature 19S3 161-163.



208
GREENWOOD, D. J .  & LEES, H. (1959) An e le ctro ly tic  rocking percolator.

Plant and S o i l  11, 87-92.HALLAM, M. J .  & BARTHOLOMEW, W. V. (1953) Influence o f rate of plant residue addition in accelerating the decomposition of s o il  organic matter. S o i l  Science S o ciety  o f  America Proceedings 17,  365-368.HANNA, W. J .  (1964) ifethods for chemical analysis of s o ils . In Chemistry 
o f  the s o i l i pp 474-502. Edited by F. E. Bear; van Nostrand Reinhold, London.HECK, A. F. (1929) A study of the nature of nitrogenous compounds in fungus tissue and their decomposition in the s o il . S o i l  Science 27,  1-47.HELLING, C. S . ,  KEARNEY, P. C. & ALEXANDER, M (1971) Behaviour of pesticides in s o ils . Advances in  Agronomy 23, 147-240.HERBERT, D ., PHIPPS, P. J . & STRANGE, R. E. (1971) Chemical Analysiso f microbial c e l ls . In Methods in M icrobiology ,  volume 5B pp 209-344* Edited by J .  R. Norris and D. W. Ribbons. Academic Press, London and New York.HILTBOLD, A. E. , BARTHOLOMEW, W. V. & WERKMAN, C. H. (1950) The use of tracer techniques in the simultaneous measurement o f mineral­ization and immobilization o f nitrogen in s o i l .  S o i l  Science  
S ociety  o f  America Proceedings 15, 166-173,HIRSCH, P. & ALEXANDER, M. (1960) Microbial decomposition of halo- genated propionic and acetic acids. Canadian Jou rnal o f  
Microbiology 6,  241-249.HOFFMAN, G. (1959) Untersuchungen zur synthetischen Wirkung von enzymen in boden. Z e it s c h r ift  Für Pflanzenernahrung3 Dun grün g3 
Bodenkunde 85,  193-201.HOFMANN, E. & HOFFMAN, G. (1955) Uber das enzymsystem unserer



209
kudturboden v i .  Amylase. Z e i t s c h r i f t  Fur Pflanzenernahrangi 
Dungung,  Bodenkunde 70,  97-104.HOLSTUN, J .  T. & LOOMIS, W. E. (1956) Leadiing and decomposition of 2,2-dichloropropionic acid in several Iowa s o ils . Weeds 4, 205-217. HORIKOSHI» K. & ARIMA, K. (1962) X-ray d iffra ctio n  patterns of thec e ll wall o f A s p e r g illu s  oryzae. Biochirrrica Et B iophysiaa Acta 57,  392-394.HORIKOSHI, K. & IIDA, S . (1959) E ffe ct o f ly t ic  enzyme from B a c illu s  

c irc u lo n s  and chitinase from streptomyces sp. on A sp e r g illu s  oryzae . 
Nature 182,  186-187.HORIKOSHI, K ., KOFFLER, H. & GARNER, H. R. (1961) Demonstration oflaminarin in fungal c e ll w alls. B a c te r io lo g ic a l Proceedings ,  pp. 95» HURST, H. M ., BURGES, A, & LATTER, P, (1962) Some aspects o f thebiochemistry of humic acid decomposition by fungi. Phytochem istry  7, 227-231.HURST, H. M. & WAGNER, G. H. (1969) Decomposition o f 1 4 C~labelled c e ll wall and cytoplasmic fractions from hyaline and melanic fungi.
S o i l  Scien ce  S o c ie ty  o f  America Proceedings  33, 707-711.JANSSON, S . K. (1960) On the establishment and use of tagged microbial tissue in s o il organic matter research. 7th In te r n a tio n a l Congress 
o f  S o i l  S c ie n c e . Madison,  W isconsin ,  U. S . A. 3, 635-642»JANSSQN, S. L. (1958) Tracer studies on nitrogen transformation in s o il with special attention to mineralization - immobilization relationships. KungligaLantbrukshogshkolans Annaler 24,  101-361, JENKINSON, D. S, (1965) Studies on the decomposition of plant material in s o il . 1. Losses of carbon from ^ C - label led rye grass incubated with s o il in the f ie ld . - Jo u rn a l o f  S o i l  S c ien ce  163 104-115, JENKINSON, D. S» (1966) The priming action. In The use o f  Iso to p e s  in  
S o i l  Organic M atter S tu d ie s ,  pp 199-208 - FAQ/IAEA Pergamon Press, Oxford.



210
JENKINSON, D. S . (1971) Studies on the decomposition o f  labelled organic matter in s o i l .  S o i l  Science 111,  64-70.JENSEN, H. L. (1932) The microbiology o f farm yard manure decomposition in s o i l .  I I I .  Decomposition of the ce lls  of microQrganisms.

Journal A griculture Science 22, 1-25.JiENSEN, H. L. (1957a) Decomposition o f chlor-svbstituted alip h aticacids by s o il  bacteria . Canadian Journal o f  M icrobiology 3, 151-164JENSEN, H. L. (1957b) Decomposition of chloro-opganic acids by fungi. 
Nature 180, 1416.KANG, K. S. & EELBECK, G. T. J r .  (1965) A comparison o f the alkaline extract o f tissues o f A sp e rg illu s  n ig er  with humic acids from three s o ils . S o i l  Science 99, 175-181.KAENATH, N. G. K. & VASANTHARAJAN, V. N. (1973) Persistence ande ffe c t of Dexon on s o il  respiration. S o i l  Biology and Biochemistry 
5, 679-684.KAUFMAN, D. D. (1964) Microbial degradation of 2,2-dichloropropionic acid in fiv e  s o ils . Canadian Journal o f  Microbiology 10, 843-352.KEARNEY, P. C. , KAUFMAN, D. D. & ALEXANDER, M. (1967) Biochemistry of herbicide decojnposition in s o ils . In S o il Biochemistry, pp 318- 342. Edited by A. D. McLaren and G. H. Peterson, Arnold, London.KHAN, S. U. (1970) Enzymatic a ctiv ity  in a Grey wooded s o il  asinfluenced by cropping systems and fe r t i l iz e r . S o i l  Biology and 
Biochem istry 2, 137-139.KISS, S . ,  BOARU, M. & CONSTANTJNESCU, L. (1965) Levanase a ctiv ityin s o il . Symposium on Methods in  S o i l  B io logy, Bucharest, pp 129-136KISS, S . ,  BOSICA, I .  & POP, M. (1962) Enzymic degradation of lichenin in s o il . Contributii Botanice, Cluj pp 335-340.KO, W. & LOCKWOOD, J .  L. (1967) S o il fungistasis: relation to fungal spore n u trition . Phytopathology 57, 894-901.



211
KO, Wo & LOCKWOOD, Jo L„ (1970) Mechanism o f ly s is  o f fungal mycelia in soil» Phytopathology 60t 148-154,KUMADA, Ko & HURST, H0 M, (1967) Green humic acid and its  possible origin as fungal metabolite. Nature 2143 631-633,KUO, Mo J ,  & ALEXANDER, M„ (1967) Inhibition of the ly sis  of fungi by melaninso Jo u rn a l o f  B a cterio lo g y  943 624-629,LEES, Ho (1949) A simple apparatus for measuring the oxygen uptake o f s o ils . P la n t and S o i l  2 (1)3 123-128,LEES, H, & QUASTEL, J ,  H, (1944) A new technique for the study of s o il s te r iliz a t io n . Chem istry and In d u stry ,  pp 238-239,LEES, H, & QUASTEL, J 0 H, (1946a) Biochemistry o f n itr ific a tio n  in s o il , I ,  Kinetics o f, and the e ffe cts  of poisons on, s o il n itr ific a t io n , as studied by s o il perfusion technique.

B iochem ical Jo u rn a l 403 803-815,LEES, H, & QUASTEL, J ,  H, (1946b) Biochemistry of n itr ific a tio n  in s o il , 2, The s ite  of s o il  n itr ific a t io n . B iochem ical 
Jo u rn a l 403 815-823,LILLEY, G, & BULL, A, T, (1974) The production of g-1,3 glucanase by a thermophilic species of streptomyces. Jo u rn a l o f  General 
M icrobiology 8S3 123-133,LINGAPPA, B, T, & LOCKWOOD, J .  L, (1964) Activation of s o il  micro­flora by fungus spores in relation to s o il  fun gistasis.
Jo u rn a l o f  General M icrobiology 3S3 215-227,LINGAPPA, Y , & LOCKWOOD, J„  L, (1962) Chitin media for selective isolatio n  and culture of actinomycètes. Phytopathology 523 317-323,LLOYD, A, B, & LOCKWOOD, J ,  L, (1966) Lysis o f fungal phyphae in s o il and its  possible relation to au tolysis. Phytopathology 563595-602,



212
LOCKWOOD, Jo L„ (1967) The fungal environment of s o il  bacteria . In 

The Ecology o f  S o i l  B acterids  pp„ 44-65«, Edited by T. R. G, Gray and Do Parkinson, Liverpool University Press, Liverpool,McGORMICK, Lo L, & HILTBOLD, A, E„ (1966) M icrobiological decomposition of atrazine and diuron in s o il . Weeds 14t 77-82.MACDONALD, A, M„ G, (1961) The oxygen flask  method, A review.
A n a lyst 86,  3-12.McGARITY, J .  W, & MARGARET G, MYERS (1967) A survey o f urease a ctiv ity  in so ils  of Northern New South Wales, P la n t and S o i l  27t 217-238,McGILL, W„ Bo, PAUL, E, A ,, SHIELDS, J ,  A, & LOWE, W. E. (1973) Turnover o f microbial populations and their metabolites in s o i l .  In Modem 
Methods in  the Study o f  M icro b ia l Ecology 3 Edited by T, Rosswall. 
B u lle t in s  E c o lo g ic a l Research Committee (Stockholm) 173 293-301,MACURA, J ,  (1961) Continuous flow method in s o il  microbiology,1. Apparatus. F o lia  M icro b io lo g ica  63 328-334.MACURA, J ,  (1966) Application of continuous flow methods in s o il  microbiology. In T h eo retica l and M ethodological B a sis  o f  
Continuous cu ltu re  o f  M icroorganism sa pp 462-492. Edited by I .  Malek and Z, Fenel,MACURA, J .  & KUNC, F„ (1961) Continuous flow method in s o il micro­biology, 2, Observation on glucose metabolism. F o lia  M icro b io lo g ica  
63 398-406.MACURA, J .  & KUNC, F„ (1965a) Continuous flow method in s o il micro­biology, 3, B iological immobilization of nitrogen and phosphorus.
F o lia  M icrob io log ica s 103 36-43.MACURA, J .  & KUNC, F. (1965b) Continuous flow method in s o il micro­biology, 4, Decomposition of glycine. F o lia  M icro b io lo g ica  103115-124,



213
MACURA, Jo & KUNC, F„ (1965c) Continuous flow method in s o il microbiologyo 5» N itrificatio n o F o lia  M icrobiologica 103 125-135„MACURA, Jo & MALEK, I„ (1958) Continuous-flow method for thestudy of microbiological processes in s o il  samples. Nature 182, 1796-1797,MACURA, J „ s SZOLONOKI, J „ , KUNC, F», VANCURA, V, & BABICKY, A, (1965) Decomposition of glucose continuously added to s o il . Folia  

M icrobiologica 101 44-54,MAGEE, Lo A, & COLMER, A, R„ (1959) Decomposition o f 2,2-dichloro- propionic acid by s o il bacteria , Canadian Journal o f  Microbiology 5, 255-260»MARKUS, L» (1955) Determination of carbohydrates with anthronereagent» II» Assay o f cellu lase a c tiv ity  in s o il and farmyard manure» Agrokemia esta la jta n  43 207-216»MARTIN, J» P» (1963) Influence of pesticide residues on s o il micro­b iological and chemical properties» Residue Reviews 4,  96-129»MARTIN, J„  Po, ERVIN, J „  0, & SHEPHERD, R» A, (1959) Decomposition and aggregating e ffe c t  of fungus c e ll  w all material in soil»
S o i l  Science Society  o f  America Proceedings 22,  217-220»MARTIN, J» P» & PRATT, P» F» (1958) Fumigants, Fungicides, and the s o i l .  Journal o f  A g ricu ltu ra l and Food Chemistry 63 345-348»MAYAUDON, J „  & SIMCNART, P„ (1963) Humification des microorganismes 14marques par C dans le sol» Annales de l ' I n s t i  tu t ,  Pasteur,
P a ris 3 205, 257-266»MEIKLEJOHN, J» (1957) Numbers of bacteria and actinomycetes in a Kenya soil» Journal o f  S o i l  Science  S, 240-247»



214
MISHUSTIN, E„ No & NIKITIN, D» I„ (1961) Su scep tib ility  of humic acids to s o il  microflora» Mikrobiologhiya 303 841-848»MITCHELL, Ro (1963) Addition o f fungal cell-w all compounds to s o il for b iological disease control» Phytopathology 53, 1068-1071» MITCHELL, R„ & ALEXANDER, M0 (1961) The mycolytic phenomenon and b io lo gical control o f Fusarium in s o i l .  Nature 190,  109-110» MITCHELL, R, & ALEXANDER, M„ (1963) Lysis of s o il fungi by bacteria» 

Canadian Journal o f  Microbiology 9S 169-177»M3RTENS0N, J „  L» (1963) Deconposition of organic matter and mineral­ization of nitrogen in Brookston s i l t  loam and a lfa lfa  green manure» Plant and S o i l  19,  374-384»NELSON, N„ (1944) A photometric adaptation of the Somogyi methodfor the determination o f glucose» Journal o f  B io lo g ica l Chemistry 
153,  375-386»NEWMAN, A„ So & DOWNING, C» R„ (1958) Herbicides and the s o il .

Journal o f  A g ricu ltu ra l and Food Chemistry 63 352 - 35 3»NIKITIN, Do I„ (1973) The Microstructure o f the elementary microbial ecosystems» In Modem Methods in  the Study o f  M icrobial Ecology ,  Edited by T» Rosswall» B u lle tin s  E co lo g ica l Research Committee 
(Stockholm) 17,  357-365»NORMAN, Ao Go (1933) The b io lo gical deconposition o f plant materials» Part 3» The a v a ila b ility  of the nitrogen o f fungal tissue»

Annals o f  A pplied Biology 20,  146-164»NORMAN, A» G. & NEWMAN, A» S„ (1950) The persistence o f herbicides in soils» Proceedings North Eastern Weed Control Conference,  pp„ 7-12»OGLE, Ro E, & WARREN, G» F, (1954) Fate and a ctiv ity  o f herbicides in s o ils . Weeds 3, 257-273,



215
OLSEN, S , R» & DEAN, L. A0 (1965) Phosphorus. In Methods o f  S o i l  

A n a lysis ,  volume 2. pp 1035-1049. Edited by C. A. Black.American Society o f Agronomy, In c ., Publisher, Madison, Wisconsin.PARK, D, (1955) Experimental studies on the ecology o f fungi in s o il . 
The B r it is h  Mycologioal S ociety  Transactions 38, 130-142.PARR, J .  F. , SMITH, S. & WILLIS, G. H. (1970) S o il anaerobiosis:1. E ffe ct of selected environments and energy sources on respiratory a c tiv ity  of s o il  microorganisms. S o i l  Science 110, 37-43.PARR, J .  F. & REUSZER, H. W. (1962) Organic matter deconposition as influenced by oxygen level and flow rate of gases in the constant aeration method. S o i l  Science Society  o f  America, Proceedings,  26, 552-556.PINCK, L, A, & ALLISON, F. E. (1944) The synthesis of lig n in -lik e  complexes by fungi. S o i l  Science 57, 155-161.PINCK, L. A. & ALLISON, F. E. (1951) Maintenance of s o il  organic matter i i i .  Influence o f green manures on the release of native s o il  carbon. S o i l  Science 71, 67-75.POTGIETER, H. J .  & ALEXANDER, M. (1966) Su scep tib ility  and resistance of several fungi to microbial ly s is . Journal o f  B acteriology 91, 1526-1532.PRAMER, D. & SCHMIDT, E. L„ (1964) Experimental S o i l  M icrobiology . Burges Publishing Company, Minneapolis 15, Minnesota.OUASTEL, J„ H. (1955) S o il metabolism. Proceedings o f  the Royal 
S o ciety  B143, 159-178.RAHN, E. M. & BAYNARD, R„ E. J r .  (1958) Persistence and penetration of monuron in Asparagus s o ils . Weeds 6, 432-440.RAWALD, W. (1972) S o il microbiological a c tiv itie s  and th eir relations to other s o il  parameters. Symposia B io logica  Hungarica 11, 255-261.



216
RICHARDS, Eo H„ & SHRIKHANDE, J ,  G, (1935) The preferential u tiliz a tio n  o f different forms of inorganic nitrogen in the decomposition of plant materials, S o i l  Science 393 1-8,ROWLEY, Bo 1» & BULL, A. T„ (1973) Chemostat for the cultivation  o f mouldso Laboratory P ra ctice 22 3 286-289,SATCHELL, J„  (1970) F e a sib ility  study of an energy budget for Meathopwood. In Production o f  the World's F o re sts , Edited by J ,  Duvingneand Brussels,SAUERBECK, D, (1966) A c r it ic a l  evaluation of incubation experiments on the priming e ffe c t of green manure. In The Use o f  Isotop es in  S o i l  

Organic Matter Stu d ies  pp 209-221, FAO/IAEA,, Pergamon Press, Oxford, SAUERBECK, D, & FUHR, F, (1968) A lk a li extraction and fractionation of labelled plant material before and a fte r decomposition, A contri­bution to the technical problems in humification studies. In 
Symposium on the Use o f  Isotopes and Radiation in  S o i l  Organic 
Matter Stud ies  pp 3-11, FAO/IAEA, Vienna,SEIFERT, J ,  (1960) The influence of moisture and temperature on thenumber of microorganisms in the s o i l .  F o lia  M icrobiologica 53 176-180 SEIFERT, J ,  (1961) The influence o f moisture and temperature on the number of bacteria in the s o il . F o lia  M icrobiologica 63 268-272 SHIELDS, J ,  A, & PAUL, E„ A, (1973) Decomposition o f ^ C - label led plant material in s o il  under f ie ld  conditions, Canadian Journal 
o f  S o i l  Science 53 3 297-306,SHIELDS, J ,  A ., PAUL, E, A, & LOWE, W, E . (1974) Factors influencing the s ta b ility  o f labelled microbial materials in s o ils . S o i l  Biology  
and Biochem istry 63 31-37,SHIELDS, J ,  A ,, PAUL, E. A ,,  LOWE, W. E. & PARKINSON, D. (1973) Turnover of microbial tissue in s o il under f ie ld  conditions. S o i l  Biology and 
Biochemistry 53 753-764,



217
SINHA, Mo K0 (1972) Organic matter transformation in so ils  - 1„ Humi- 14ficatio n  of C -tagged oat roots» Plant and S o i l  36 3 283-293,SKUJINS, Jo Jo (1967) Enzymes in s o il . In S o i l  Biochem istry ,  pp 371-414, Edited by A, D, McLaren and G, H„ Peterson, Arnold, London,SKUJINS, J ,  Jo , POTGIETER, H, J„  & ALEXANDER, M, (1965) Dissolution of fungal c e ll  walls by a streptomycetes chitinase and 6 -(1-3) glucanase. 

Archives o f  Biochemistry and Biophysics 111,  358-364,SOMOGYI, Mo (1952) Notes on sugar determination. Journal o f  B io lo g ica l  
Chemistry 195,  19-23,SORENSEN, Ho (1955) Xylanase in the s o il  and rumen. Nature 176,  74, SORENSEN, Ho (1963) Studies on the decomposition of C ^ -la b e lle d  barley straw in s o il . S o i l  Science  55, 45-51»SORENSEN, L, H, (1972) Role of amino acid metabolites in the formation of s o il organic matter. S o i l  Biology and Biochemistry 4, 245-255» SORENSEN, L, H» & PAUL, E, A, (1971) Transformation of acetate carbon into carbohydrate and amino acid metabolites during decomposition in s o i l .  S o i l  Biology Biochem istry  5, 173-180»STARKEY, R, L, (1924) Some Observations on the decomposition o f organic matter in soil» S o i l  Science 17,  293-314»STEVENSON, I ,  L. & CHASE, F. E, (1953) N itr ifica tio n  in an orchard s o il under three cultural practices. S o i l  Science 763 107-114.STOTZKY, G. (1972) A ctiv ity , Ecology, and population dynamics of micro­organisms in s o i l .  C r it ic a l  Reviews in  Microbiology 2 ( ' l l ,59-137» STOTZKY, G. & GOOS, R„ D„ (1965) E ffect of high CO2  and low O2  tensions on the s o il  microbiota, Canadian Jou rnal o f  Microbiology 113 853-868» STOTZKY, G, & MORIENSEN, J» L, (1957) E ffe ct o f crop residues and nitrogen additions on decomposition of an Ohio muck soil» S o i l  
Science 83,  165-174»



218
STOTZKY, G, & NORMAN, A» G» (1961a) Factors lim iting a c tiv itie s  in soil» I» The level of substrate, nitrogen and phosphorus» 

A rch iv  Fur M ikrob iologie  40,  341-369«STOTZKY, G» & NORMAN, A» G» (1961b) Factors lim itin g a c tiv itie s  in soil» 2« The e ffe c t of sulphur« A rch iv  Fur M ikrob iologie  
40,  370-382»SZ0LN0KI, J « , KUNC, F», MACURA, J„  & VANCURA, V, (1963) E ffe c t of glucose on the decomposition of organic materials added to the soil« F o lia  M icrob io log ica  5, 356-361»TAKAI, Y«, MCURA, J» & KUNC, F» (1969) Anaerobic decomposition of glucose continuously added to the soil» F o lia  M icro b io lo g ica  14,  326-333»TANDON, S» P» (1972) E ffe ct of organic substances on n itr ite  formation by nitrosomonas. Symposia B io lo g ica  Hungarica  7.2, 283-288»THIEGS, B» J» (1955) The s ta b ility  of Dalapon in soils» Down to  
Earth 11 (2) , 2-4»THIEGS, B» J„  (1962) Microbial decomposition of herbicides» Down 
to Earth 18 (2) ,  7-10«THOMSON, W« T» (1967a) Herbicides» In A g r ic u ltu r a l Chem icals Book 2 pp 65» Thomson publication« Davis, California«THOMSON, W» T» (1967b) Fungicides» In A g r ic u ltu r a l Chemicals Book 4 pp 126-128» Thomson publication» Davis, California«THORNTON, R» H» (1953) Features o f growth of actinomyces in s o il . 
Research Correspondence 63 38S»TREVELYAN, W« E „, PROCTOR, D» P» & HARRISON, J» S , (1950) Detection o f sugars on paper chromatograms« Nature 16 6 3 444-445,



219

TRIBE, Ho To (1957) Ecology of microorganisms in so ils  as observed during th eir development upon buried cellu lose film* In M icro b ia l 
Ecology  , pp 287-298„ Edited by C. C„ Spicer and R, E, 0, Williams, 7th Symposium o f the Society for General Microbiology, Cambridge University Press, Cambridge,VANCURA, V „, MACURA, J .  & SZOLNOKI, J ,  (1964) The products of glucose metabolism in the soil» 8 th International Congress of S o il Science Bucharest, pp 779,VAN der KERK, G, J ,  M. (1970) Present trends and perspectives in Organotin Chemistry, Chemistry and In d u s tr y , pp 644-647,WAGNER, G, H, (1968) Significance of microbial tissues to s o ilorganic matter. In Symposium on the use of Isotopes and Radiation in S o il Organic Matter Studies pp 197-205, FAO/IAEA, Vienna,WAGNER, Go H, (1974) Microbial growth and carbon turnover. In 
S o i l  B iochem istry volume 3, pp 269-305, Edited by E. A, Paul and A, D„ McLaren, Marcel Dekker, New York,WAID, J„  S, & WOODMAN, M, J ,  (1957) A method of estimating hyphal a ctiv ity  in s o il , P ed olo g ie3 Gand*3 No* Spec3 ?3 155-158 WAKSMAN, S, A, (1932) Principles of s o il microbiology, 2nd Edition,The Williams and Wilkins Company, Baltimore,WARSI, S, A, & WHELAN, W„ J ,  (1957) Structure o f pachyman, the polysaccharide component o f P o ria  cocos  wolf. Chem istry and 
In d u stry 3 pp 1573,WITKAMP, M, (1973) Compatability o f microbial measurements. In
Modem Methods in  Study o f  M icro b ia l E co lo g y* Edited by T„ Rosswall, 
B u lle t in s  E c o lo g ic a l Research Committee (Stockholm) 173 179-188,WOJCIK-WOJTKOWIAK, D„ (1972) E ffe ct of different forms of nitrogen fe r t iliz e r s  on the humification o f ^N tagged straw. Symposia 
B io lo g ic a  Eungapica 113 89-93,



220
WONG, Jo N„ Fo & OLD, K„ M„ (1974) Electron microscopical studies o£ the colonization o£ conidia o£ Cochliobolus sa tivu s  by s o il microorganisms„ S o i l  Biology and Biochemistry 6, 89-96o ZELLER, A», OBERLÄNDER, H0 E . ,  ROTH, K0 & STADEER, I .  (1966). The humification of carbon-14-labelled mycelium in soilo In The use 

o f  Isotopes in  s o i l  Organic Matter S tu d ie s . pp 275-279„ FAO/IAEA Pergamon Press, Oxford.


