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ABSTRACT

THE PREPARATION, CHARACTERIZATION AND 

AGRICULTURAL USE OP RAHK-SWAGE COMPOST

*y

MXMQKD H- walki

A method f o r  the p rep ara tio n  of a  compost produced by windrowing 

f re s h , d ry , shredded bark and r e s id e n t ia l  sewage i s  described . Those 

micrometeorological, chem ical, and m icrob io log ical changes monitored 

during  composting a re  d iscussed . M icrobial a c t iv i ty  was estim ated by 

m easuring dehydrogenase concen tra tion  and fo r  comparison by counting 

on agar media. Moisture, pH, oxygen tension, and tem perature at positions 
in  th e  windrow were measured during  composting. Pathogen su rv iva l time 

was estim ated  usin g  two b a c te r ia , Salmonella he ld leberg  and E scherich ia  

c o l l , and one y e a s t, Candida a lb ic an s , which were seeded in to  the 

compost to  a c t  a s  In d ic a to r  organisms.

The mature compost was chem ically analysed f o r  seventeen elem ents 

and fo r  cation exchange capacity by standard  a n a ly tic a l techniques.

Anion exchange cap ac ity  was determ ined and compared to  o ther h o r tic u l­

tu r a l  mixes by using manoxol, sodium dioctylsulphosuccinate. The anion 

from t h i s  salt i s  d i f f e r e n t ia l ly  absorbed by huale  acid  and o th er s o i l  

compounds and the unabsorbed manoxol was estim ated  c o lo r im e tr ic a lly  a f t e r  

r e a c tio n  with methylene blue.

i s
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Three in d ic a to r  pathogens were reduced in  am b er from ever iO^/g 

dry  compost to  zero w ith in  t h i r t y - s i s  hours. No o th e r  human pathogens 

appeared to  r e s i s t  the  composting cond ition  o f  the windrowing. Pre­

v a le n t b a c te r ia ,  actinom ycetes, fu n g i, y e a s ts , protosoans and algae were 

id e n tif ie d  to  genus le v e l .

Pot and f ie ld  experiments designed to  find optima* le v e ls  o f  N» 
P, and K f e r t i l i s a t i o n  fo r  p la n t  growth a re  described . N itrogen was the 

major nutrient d efic ien cy  while P and K and tra c e  elem ent con ten t was 

s a t is fa c to ry  f o r  s ix  week production o f sudan g ra ss . The C/S ratio was 

reduced f r e a  253/1 to  2 0 /l  in  th re e  months tim e. Cation exchange capa­

c i ty  was 76.5 g/ldO g d ry  compost. Anion exchange capacity was 13*3# 
as compared to  pure humic a c id , while p ea t and loam d e liv e red  15.4# and

5. ©# respectively. Moisture holding capacity was 40# at 31# relative 
hum idity as  compared to peat 43# and s i l t  loam a t  6#.

I t  was co n d o led  th a t  hark and raw sewage can he composted to ­

g e th e r to  produce a pathogen f re e  m a te ria l which, when supplied  w ith 

modest f e r t i l i s e r  supplem entation o f 2 .2 4  lb s/y d ^  o f both f a s t  and slow 

a c tin g  n itro g en , 1.12 -lbs/yd^ potash (K^©) from g ra n ite  d u s t,  1.12 lb s /  

5*3 P205  c m  rock  l W * 3 o f  dS K adU e l i - e o to ® ,  coold

he used as  a  h o r tic u l tu ra l  s o i l  s u b s t i tu te .

x
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CHAPTER 1

INTRODUCTIOII

New Hampshire, n o rth  o f th e  White Mountains, i s  sp a rse ly  populated 

by small towns w ith low p er c a p ita  incomes and poor ta x  bases. Many o f 

o f the  f a n s  which remain a re  m arg ina lly  p ro f i ta b le  and much o f th e  land  

has been allowed to  r e v e r t  to  scrub  and fo res t*

A s ig n if ic a n t  problem of t h i s  a rea  is p o llu tio n s  some to m s  allow 

th e i r  sewage to  run  d i r e c t ly  in to  th e  once clean  w aters o f  th e  Connecti­

c u t B iver. While th e  Federal and S ta te  governments have ordered th a t  

p o llu tio n  o f  the river and a i r  cease , sawdust, woodchips, and pulp w astes 

a re  o fte n  dumped o r  burned. Governmental agencies o f fe r  no f in a n c ia l ly  .. 

reasonable  way o f implementing p o llu tio n  abatement in  th ese  small to m s .

Beginning in  1966 Mr. Gregory Macdonald challenged the Environ­

mental P ro tec tion  A ^ncy and the  Mew Hampshire  ̂Water Supply and Pollution 
Commission to  a id .th e  to m s .o f  North S tra tfo rd , Mew Hampshire and Bloom­

f ie ld ,  and Brunswick, ferm ent in  th e  development o f a  composting p rocess 

to  recy c le  solid and sewage w astes from -She v i l la g e s  u sing  as a  c a r r ie r  

th e  wood w astes from lo c a l m ills .  Baring th e  period  1968 -  1972 a  com­

p o stin g  p la n t ,  a  tra n sp o rta tio n  system, and a  small co rporation  were 

operated . Ihe tow nsfolk, th e  p r iv a te  in v e s to rs , the B iv iro saen ta l Ero- 

te o tio n  Agency,' and th e  Mew Hampshire Mater Supply and Pollution Control 

Commission recognised th a t  th e re  was the p o s s ib i l i ty  th a t  the  w astes 

from th e  towns could be safely composted and th e  m a te ria l could be 
worked in to  the depleted local soils, p o ssib ly  improving crop production. 
In the  fall of 1972, when funds a llo c a te d  by Congress f o r  the  composting

1
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p ro je c t  were impounded by H 'ee id en tM I d ecree , the U nited S ta te s  F o res t 

Service funded th e  re sea rch  re p o rte d  i s  t h i s  thesis*

In  order to  study  environm ental and h ea lth  h asard s Involved in  

handling  hark-sswage compost, m eteo ro lo g ica l, chemical, p h y s ic a l, and 

a ic ro b io lo g ic a l inform ation  was c o lle c te d  d u rin g  the co n s tru c tio n  and 

throughout th e  decom position phases o f  a  compost windrow which was com­

posed o f  hard  wood hark  s a tu ra te d  w ith  sewage.

Once the  composting and cssriag phases were completed the  chemi­

c a l ,  p h y s ica l, and m icrob io log ica l c h a ra c te r is t ic s  o f th e  compost were 

determined* S sia  included  elem ental analyses o f  d em en ts  involved in  

p la n t n u t r i t io n  as  w ell a s ,  m o istu re , pH, and cation exchange determ ina­

t io n s  by standard  methods* Using a  new manoxd te d ra ifu e  f o r  anion 

exchange, the  compost was compared to  o th e r  a g r ic u l tu ra l  media,

While the compost was cu rin g  p re lim in ary  co n tro lled  pot and field 
experim ents were conducted to  determ ine th e  major, v a r ia b le s  involved in  

p la n t n u t r i t io n ,  the cured compost was then utilised, in  r ig id ly  co n tro lle d  

and re p lic a te d  greenhouse and f i e ld  experim ents to  develop f e r t i l i s a t i o n

recommendations f o r  supplem ental n itro g e n , potassium and phosphate.
i 1

Beyond the e x c lu s io n s  determ ined experim entally  th ese  in v e s t i ­

g a tio n s  ̂ make possible th e  development of p ra c t ic a l  g u id e lin es  f o r  p ro ­

cessin g , ana lysing , and usin g  th i s  and s im ila r  composts.
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CHAPTER IX

LITERATURE REVIEW

Angus McDonald (1966) ,  form erly  a  s o il  co n se rv a tio n is t fo r  the 

S o il Conservation Serv ice, USDA, wrote about our co lo n ia l a g r ic u ltu ra l  

h e r ita g e  s

"The f e l l in g  o f the f i r s t  tre e  by c o lo n is ts  in  the New 
World, though never mentioned by h is to r ia n s ,  was an a c t  
of g re a t s ig n if ic an ce . I t  marked the beginning of the  e ra  
o f the most ra p id  r a te  o f w astefu l land use in  the h is to ry  
of the world.**

He b r ie f ly  d esc rib es  the continuous d e s tru c tio n  of our n a tiv e  

s o i l s  and the movement away from the  dep le ted  s o i l s  of the e a s te rn  shore 

acro ss  the n a tio n  to  the w est. "Then", s ta te s  McDonald, " a  few o f the 

farms in  the o ld e r se c tio n s  no ticed  a  change in  the s o i l .  At f i r s t  i t  

had been dark , in  some p laces  alm ost b lack , but now i t  was l ig h te r  in  

c o lo r . This change, im perceptib le a t  f i r s t ,  meant th a t  d e te r io ra tio n  

of the  s o i l  had s e t  in . I t  was a  symptom o f the slow sickness th a t  

would f o r  a  long  time a f f l i c t  our land . I t  meant th a t  much of the o r­

ganic m a tte r, a ttack ed  f i r s t  by f i r e  and then by plow, was gone ."

When the c o lo n is ts  s e t t le d  the e a s te rn  shore o f the United 

S ta te s  they  found th a t ,  once the f o r e s t  was c leared  and burned and the 

s o i l  cropped f o r  a  few y ea rs , production declined . Since the g la c ia l  

period  only a  r e la t iv e ly  th in  to p so il had been developed on leached 

ro ck s , g rav e ls  and sands from o ld  mountains. S o il n u tr ie n t  d e f ic ie n c ie s  

plagued a g r ic u ltu re  in  New England u n t i l  the advent o f commercial f e r ­

t i l i z e r s .  Is sa c  K ill  (1839) sa id  th a t  " . . . t h e  v irg in  s o i l  o f every new 

country must be c u ltiv a te d  in  a  manner th a t  n e c e ssa r ily  lead s  to  i t s

3
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k

exhaustion* and the  more f e r t i l e  the s o i l  the g re a te r  the danger th a t  

d e te r io ra tio n  w ill  no t s top  u n t i l  n e c e ss ity  s h a ll  e i th e r  fo rce  i t s  

abandonment or a  change of c u lt iv a tio n  from a c tu a l su ffe r in g ."  Now 

s o i l s  throughout th e  world req u ire  con tinual ad d itio n  o f commercial 

f e r t i l i z e r  fo r  susta ined  production. From a n tiq u ity  man has known 

abo&t green manuring, contour plowing, crop r o ta t io n ,  and composting. 

T h is l la s t  technique was o ften  mentioned in  the B ib le , and George 

Washington (Schatz and Schatz, 19?0) mentions composting s tab le  manure 

and s o i l  on h is  farm in  1760. Deane, (1790) u t i l i z e d  many forms of org 

ganic w astes and manures in  composting procedures ill h is  New England 

farm ing experim ents. Among the  many techniques suggested to  reduce 

s o i l  d e s tru c tio n  by the e a r ly  American agronom ists -  Lorain (1814),

Drown (1824), H ill  (1840), R uffin  (1855). and E lio t  (1934) -  were 

m iddling and composting. Johnson ( I 859) o f the  Connecticut A gricul­

tu ra l  Experiment S ta tio n , described  the composting techniques of New 

Englanders. He a lso  mentioned what may have been the  f i r s t  commercial 

producer of compost, the L iebig  Manufacturing Company of East H artford , 

Connecticut. In  England, Thompson ( I 850) and Way (1850, 1853) evaluated 

the absorbent power of s o i l  recognizing  what now i s  known as the ion 

exchange p ro p e rtie s  of humus-rich a g r ic u l tu ra l  land.

The importance o f organic m atter in  developing both w ater and 

n u tr ie n t  holding capacity  o f s o i l  was stud ied  by Alway and N eller (1919) 

in  t h e i r  f ie ld  in v e s tig a tio n s . Sprague and Marrero ( I 93I )  u t i l iz e d  

v a rio u s  sources of organic m atter on sandy and c lay  s o i l s ,  measuring 

physica l change and p lan t growth response. In  a l l  th e i r  experim ents 

organic m atter incorporated  in to  sandy s o i l s  Improved the s o i l .  They 

were f i r s t  to  note the problems involved in  in co rp o ra tin g  very dry
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organic n a t te r  in to  s o i l .  L a te r Bollen and Glennie ( 1963) found th a t
' 1

decaf r e s i s ta n t  llgm ins, f a t s ,  and waxes Bade d es icca ted  hark and o ther 

ccaposis d i f f i c u l t  to  re s a iu ra te .

Faced w ith g re a t q u a n ti t ie s  of waste and ex cep tio n a lly  dep leted  

soils, the  British agronom ists Howard a id  Wad (1931) began to employ 

composting and to p ub lish  ex tensive studies about I 93O. J .  I .  Bodale, 
th e  i n i t i a t o r  of th e  organic farm ing movement in  the United States, 
c red ited  Howard a s  th e  inven to r of modem composting techniques. Com­

m ercial composting began in  Europe with the I ta n o  Process in  1928 

(I ta ao  and ilrakawa, I 92B). Today the B ecarri, Bordas, F ra se r, Damo, 

V uil-^rvoer-H aat Schappl (¥AM) p rocesses, w ith m od ifica tion , are  used 

extensively in Europe (feensma, 1961) ,  South East Asia and Bussia (Howard, 
19^0 ; Gotaas, 1958; SCupofclck, 1966) . In  the  United S ta te s , Waksaan and 

h i s  many collaborators (Wahsman, Tenny, and Dlehm, I 929) , at Princeton 
s ta r te d  a s  early a s  1926 to research  extensively the n a tu re  of aerob ic  

decomposition of p la n t residues and manures. Hi© fu n ctio n  of algae in  

composts and soils was considered by B ris to l (1920) and further In v e s ti­

gated  by Skinner (1932). Because algae are  p rev a len t on bark they  ©re 

found abundantly in  bark compost. Sewage composts were found to  harbor 

both helm inths and protozoans (Gram, 19&3)f th e i r  ecology was stud ied  

by Barker (19*18) . Becently the su rv iv a l of fe c a l  organisms in  manure 

slurries was s tud ied  by Bazzo, Stalth and Hubbell (1973)* ecology 
of compost fungi is described in the works of WebLey (19**?)* Conn (19^8), 

Eastwood (1952), Stevenson (1962) ,  Klopotek (1962, 1963)* and Qaaag and 

Hudson (1967) . Ha© com plexity o f m icrobial n itro g en  m etabolic pathways 

in  composts i s  reviewed by Janssen, Hallam and Bartholomew (1955)*

£1 though sewage was known to  contain  pathogenic b a c te r ia ,  y ea s ts ,
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and protozoans i t  was no t u n t i l  re c e n tly  th a t  the  th re a t  o f v iru s  was 

proven (Melnick, e t  a l . , 195*0* The danger from v iru s  i s  w ell i l l u s ­

t ra te d  by the outbreak o f  en te ro v iru s  in  E astern  Canada in  1960 (Ozere, 

Faulkner and van Rooyen, 1961). Sewage and sewage sludges are  now being 

disposed of on a g r ic u ltu ra l  lan d  in  many a reas  of the world (Anderson* 

1955I Amraai, 1957* Reeves, 1959s Lunt, 1959s Kupchick, 1966s Sopper, 

1970). Recently the use b f sewage, sewage sludge, and composts of 

sewage and m unicipal and in d u s tr ia l  s o lid  wastes has increaseds these 

m a te ria ls  have proven very  u se fu l in  recla im ing  denuded lan d , mine s p o ils ,  

dumps and eroded farm lands (Sopper, 1970, VIamis and W illiams, 1972s 

Sutton and Vimmerstedt, 1973s H arter, 1975)* Some s tu d ie s  have been 

conducted re c e n tly  to  determ ine the e f f e c t  upon y ie ld , d ig e s t ib i l i t y ,  

and both s o i l  and p la n t chemical composition (Anderson, 1955s Amrami,

1957s Lunt, 1959s Reeves, 1959s Toth, 1960s King and M orris, 1972s 

P o in ce lo t, 1972s Bengtson and C o m ette , 1973s N orvell and Sawhney, 1973s 

Blackburn, 197*0*

During the i n i t i a l  phases of decay a l l  compostable organic mat­

t e r  i s  r ic h  in  r e a d ily  a v a ila b le  su b s tra te  which i s  high in  carbon and 

low in  n itro g en  (Stevenson, 1962). Higher p la n ts  must compete with 

microbes fo r  a  dwindling amount o f n itro g en  which they need in  the n i ­

t r a t e  form. The r a t io  o f carbon to  n itro g en , the C/N r a t io ,  i s  an im­

p o rta n t param eter in  a g r ic u l tu ra l  u t i l i z a t io n  of waste m atter expressing  

num erically  the m atu rity  o f compost (T isdale and Nelson, I 966) . Ihe 

na tu re  of n itro g en  lo s s  and the  changes in  the  form of th is  n itrogen  by 

decaying n itrogenous m a te r ia ls  i s  reviewed by Hoyle and M attingly (195*0* 

In  some composts low n itro g en  conten t i s  co rrec ted  by use of ammonia 

which i s  r e a d ily  converted to  n i t r a t e  by m icrobial a c t iv i ty  (A sp ita r t i ,
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1958). Bollen (1959) and B oineelot (1972) emphasised the  importance 

of total microbial ecology  to s o i l  fertility. Biochemical and physical
analyses of hark and wood w astes and th e i r  in te ra c t io n s  w ith m icrob ial 

f lo r a  a re  fu r th e r  considered by Dmrn (1959)* G assell ( i9 6 0 ), B erger, 

(1962) ,  and E l l i s  (1982)i they  emphasised th a t  compost must he s u f f i ­

c ie n t ly  aged o r e ls e  n itro g en  must he supplied , fhosphate and p o tas­

sium a v a i la b i l i ty  and th e i r  r e la tio n s h ip  to  m icrobial a c t iv i ty  have 

been ex ten s iv e ly  researched  by Russian agronom ists Korovkin (1952) and 

Bodrova and Ozolina (1968). the interaction o f pH and temperature, 
oxygen te n s io n , m oisture regime and n u tr ie n t  co n cen tra tio n  has been 

in v e s tig a te d  by Carnes and L ossla (1970).

In 1953 the  S an ita ry  Engineering Research B ro jec t was begun 

a t  th e  U n iv ersity  of C a lifo rn ia  a t  Berkeley (Golueke and Gotaas, 195*0. 

Ihe World H ealth O rganisation  commissioned Gotaas (1956, 1962) to p re­

pare a  comprehensive te x t  on composting. Since th a t  time the tech n i­

ques f o r  municipal composting have developed so that by 1965 evidence 
from Karim and Chowdbury (1958), Kaoll (1959)* Krige (1961), Schultse 
(1961) ,  Gray and Sherman (1969) ,  K ochtitsky, Seaman, and Wiley (1969) ,  

Mercer et al. (1962 , 1968) and Hell and Krige (1971) showed conclu­
sively th a t  not only s o lid  w astes, bu t sewage s lu d g es , s e p tic  tank 

s lu r r i e s ,  manures, and s lau g h te r house w astes could be handled sa fe ly  

and e f fe c t iv e ly  by composting.

Composting raw sewage w ith ground bark and wood a t  North S tr a t ­

fo rd , New Hampshire was d escrib ed  by Macdonald (1973)* 1he e f f o r t s  o f 

the team which worked a t  North S tra tfo rd  re su lte d  in  the  form ation o f 

the  Bural Becycle Corporation and the  processing  of manures, a b a t to ir  

w astes, p riv y  w astes and s e p tic  w astes w ith  ground bark , wood ch ips,
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le a th e r  scraps and se le c te d  ru bb ish . Ihe experim ents described  in  th i s  

th e s is  fo llow  years o f p ra c t ic a l  work accomplished a t  the composting 

s i t e  in  North S tra tfo rd .
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CHAPTER III

MATERIALS MD METHODS

fb u r sep ara te  and d i s t in c t  probLem phasesw ere  . t r e a te d  in  the 

bark-sawage-coaapost experiment! i )  s i t e  p rep ara tio n  and production of 
compost| 2) m onitoring of windrows f 3} c h a ra c te r is t ic s  of mature cob- 

post) sad k) n u tr i t io n  studies*

Baring th e  m onitoring phase m eteoro log ica l, chemical and m icro- 

b io lo g ic a l t e s t s  were commoted over a  th re e  a sa th  period . At th e  end 

o f  the  m onitoring phase the mature compost was ch a rac te rised , th a t  i s ,
i

th e  physical and chemical p ro p e r tie s  o f the compost were determ ined and
;

th e  microbiological in h a b ita n ts  id en tif ie d ., u su a lly  to genus le v e l .

S ite  P reparation  and Production o f Compost

During August, 1972, a field of approxim ately l/3 acre of Hinck­
ley sandy loam in  Gonie, Hew Hampshire was se le c te d  a s  the compost s i t e .  

Four ceram ic-tipped ly s im e te r tu b es  were in s ta l le d  before the a rea  was 

seeded to  Balboa ry e . One tut® was placed s la n tin g  downward in  the 

n o r th -e a s t  section o f the field and t e s  along the c e n te r lin e  of the 
proposed windrow. The ceramic tips were p laced  two feet below ground 

le v e l  and the ends stoppered. Before th e  windrow was made, the  tubes 

were p a r t ia l ly  evacuated to  allow sampling o f the leach a te  soon a f te r  

th e  in i t i a t io n  o f composting. In  o rder to  compare s o i l  m oisture in  the  

ad jacen t field to  that beneath the  windrow using neutron activation, 
fo u r  one and one-half inch aluminum tubes were installed v e r t ic a l ly 1 

th re e  along 'the c e n te r lin e  of th e  windrow a t  p o in ts  A, B, and C

9
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(F igures 1 and 2 ) . One was placed in th e  f i e ld  near the suction  l y s i -  

aeter a t  p o s itio n  F. The open tip ends were placed fo u r feet below 

ground le v e l .  A standard white s la t te d  weather box was in s ta l le d  and 

equipped n o rth e a s t o f th e  windrow in  o rder to  g a th er d a i ly  tem perature 

and hum idity d a ta . In  the  cen te r o f the windrow a  cedar p o st was 

d r iv e s  secu re ly  in to  the s o i l  to  which were a ttached  the  e le c t r i c a l  

le a d s  mid p la s t ic  s i r  l in e  from & F ritschen  n e t  rad ios® ter. Suds le ad s  

and a i r  l in e  were run in to  a  deep tren d s  to  a  s te e l  died where a u x il ia ry  

t e s t  equipment was housed.

On September 15# 1972, eight tru ck  loads of f re s h , d ry , ground 

hardwood bark , rep re sen tin g  100 cubic yards, were dumped a t  a  sewage 

p la n t. On September 16, using  a  f iv e  cubic yard g ravel tru ck  and f ro n t-  

end loader, generously provided by Hr. George C. Nadeau, Public Works 

Department, Rochester, New Hampshire, the loading  mid mixing o f sewage- 

compost. was initiated. About fo u r cubic yards of ground bark was loaded 

in  increments V  c a re fu lly  dumping the  bark from the u p lif te d  bucket. 
Simultaneously, utilizing a  mud soaker pump, sewage was pumped f rm  

the  main effluent l in e  of the Rochester Sewage System in  Gonic in to  a 
tru ck . The bark and sewage were mixed w ith shovels as  the s o lid  and 

l iq u id  m a te r ia ls  were deposited  in to  the tru ck . When the  tru ck  was 

f u l l ,  the  overly  sa tu ra te d  mass was allowed to  d ra in . A fter drainage 

the m ixture contained approxim ately a  40/60 r a t io  of l iq u id s  to  solids 
(bark) on a  volume/volume b a s is . A fter drainage of excess l iq u id  from 

the  m ixture, the tru ck  was driven  to  the composting sit®  and dumped.

The fro n t-en d  loader follow ed and the material was placed upon and 

around the instrum entation  p rev iously  in s ta l le d  a t  th® s i t e .  This pro­

cedure was repeated  and the  windrows dressed  to shape using shovels.
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The coapleted windrow was 100 f e e t  long* 7 f e e t  wide, and 6 f e e t  high 
(F igu res 1 , 2 , and 3 ).

Tables 1 ( 2 t and 3 g ive the  m icrob io log ical population o f 

sewage used, the physical c h a r a c te r is t ic s  o f sewage s o lid s ,  and the 

e h e s lc a l com position of th e  s o lid s  re sp e c tiv e ly .

Table 1* M icrobial popu la tion  of sewage from Rochester, Hew Hampshire.

Three s lo t s  were c u t in  the windrow a t  25, 50, and 75 f e e t  along 

its leng th  end thermocouples in s ta l le d  a t  th re e  c ro ss  sec tio n s  along 

r a d ia l  l in e s  (F igure 2 ) . To th e  southw est o f  th e  windrow, an evapor­

a tio n  pan was placed on cement block© and ad ju sted  to  level. Am i n i t i a l  

read in g  was taken September 17, 1972. A cup anemometer, which measured 

in  m iles p er u n i t  tim e, was In s ta l le d  atop an eight fo o t  galvanised  

p ipe  to  the  west of th e  windrow. The net radios© te r  was in s ta l le d  on 

September 18 (Figure 3). 2a case© o f equipment m alfunction, ass© 

weather readings were obtained at Hobby's Heather Station, Conic, Hew 
Hampshire.

Table 4 shows n u tr ie n t  d a ta  from KJeldahl and spectrograph!© 

analyses of the  u n trea ted  bark  and & bark-sewag© m ixture w itch served 

to c h a ra c te r ise  the  compost p r io r  to  th e  windrow production.

Values re p re se n t the  mean v a lu es  found during  m onitoring of 
Rochester Oxidation Bands (C ity  of Rochester, N. H., 1972).

Microorganisms
Population 

O ggaaim s/a l sewage

grnd tda  forms 
S alaoaelleae  
Col i f  e ras  
33. Coll
Fecal c o lifo ra s
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Figure 3* Hiotographs of Composting S ite  in  Gonic, New Hampshire.

A. Measuring the surface  tem perature o f the windrow

B. View o f anemometer, evaporation  pan, neutron probe and n e t rad io ­
m eter.
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Table 2. Physical c h a ra c te r is t ic s  o f sewage so lid s  from B odiester, 
New Hampshire. Values re p re sen t an average o f two samples 
taken in  August 1972, expressed as  m g /lite r .

S ta te  o f Solid Mineral® Organics^ Total
5-Day 
20*C BOD

Suspended a 72 126 198 96

S e ttle a h le  b 48 94 142 42

N on-settleahLe c 24 32 56 54

Dissolved d 186 167 353 26

a. Suspended so lid s  by g rav im etric  technique
b. S e ttle a h le  so lid s  by Ia h o ff  cone
c. N on-settleab le  so lid s  by d iffe ren ces  c o llo id a l
d . D issolved so lid s  by evaporation  o f f i l t e r e d  samples
e . M inerals by ig n itio n  o f organics
f .  Organics by d iffe ren ce  ( to ta l-m in e ra l)

All d a ta  provided by Rochester Public Works Departments 
Rochester» New Hampshire.

Table 3> Chemical composition o f sewage s o lid s  from R ochester,
New Hampshire* Values re p re se n t mean va lues from Rochester 
Oxidation Ponds. (C ity  o f Rochester, 1972)

g  22E.

Ash 6 .4 Iron
V o la tile  M atter 75*2 Zinc
Organic Residue 12.1 Manganese
Total N 0 .9 Copper
P ro te in  N 0 .8  7
N itra te  N 0 .03
Total P 0 .28
Total S 0.22
Calcium 2.87
Magnesium 0.56
Potassium 0 .66
Sodium 0.46

24,200
1,460

420
78
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Table 4. Chemical com position of u n trea ted  bark and bark-sewage 
m ixture p r io r  to  composting.

Element Bark Bark + Sewage

* 1 2 Average 1 2 Average

N .66 .73 .70 .9 4 .87 .90

K .30 .30 .30 .30 • 30 .30

P .10 .12 .11 •15 .16 .15

Ca 2.12 1.97 2.04 1.13 1.40 1.27

Mg .10 .09 .09 .20 .22 .21

Si .04 .11 .07 .40 .70 • 55

Na .04 .02 .03 .01 .02 .01

S .03 .03 .03 .12 .15 .13

EEL

Mn 398 420 409 266 292 279

Fe 213 923 568 2341 2696 2518

B 18 19 18 10 11 10

Cu 11 11 11 47 52 49

Zn 226 289 257 273 295 284

A1 71 392 231 1?22 1761 1741

Sr 91 80 85 57 59 58

Mo 3-78 8 .0 6 5.92 10.07 18.79 14.43

5a 115 225 115 96 103 99
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M onitoring o f Windrows 

M eteorological M onitoring

Each morning between ?j00 and 7 *3° A.M. th e  read ings on the  

evaporation  pan and anemometer were recorded , and evaporation  in  inches 

and average wind speed were determined* Use tem perature and hum idity 

drams were cheeked and new ro ll®  a ttach ed  i f  needed* Iteo reco rd e rs  

were need so th a t  d a ta  overlapped i f  e i th e r  reco rd e r developed trouble* 
Surface tem perature read in g s  were taken using  an in f ra - re d  thermometer 

in  th e  morning* at noon and at dusk at th re e  lo c a tio n s  on each s id e  and 

top  a® w ell as both ends o f  the compost p i l e  (eleven read in g s) so th a t  

directional differences could he noted*

Neutron probe d a ta  fo r  s o i l  m oisture p ro f i le s  was taken ead t 

dap a t  f i r s t  and then less o ften  a s  the experim ent proceeded, then th e  

neutron  probe was used* a  f i f te e n  minute warm-up period  was allowed f o r  

standardisation purposes* Beading® were taken at one* two, and th re e  

feet below ground level* At the field site, actual field s o i l  saaplea 
were taken .and tre a te d  along with compost moisture samples to cheek 

against th e  neutron probe standard  curve. The n e t  radiom eter recorded 

day and n ig h t incoming and outgoing ra d ia tio n  d i r e c t ly  above th e  windrow. 

A ir f o r  m ain tain ing  p ressu re  w ith in  the p la s t i c  babble o f the n e t ra d io ­

m eter was d rie d  over B r is r i te  u sing  a small asuariua  a e ra to r  ©©fere 

pumping th e  a i r  to  the bubble v ia  the underground p la s t i c  tub ing . 8®a~ 

pie® o f compost were collected p e r io d ic a lly  fo r  chemical and m icrobiolo­

g ic a l  t e s t s  as  described later. Oxygen tension was read  using  a  Model 

210-002 IBC oxygen sensor mounted in  a  plastic cone a ttach ed  to  the end 

o f  a  m etal probe. A p o rtio n  o f th e  com® was f i l l e d  w ith  Silicsa-gel to  

d ry  th e  a i r  drawn in to  the cone, sine® the compost a i r  was sa tu ra te d
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with aoistur® and caused erratic readings if drying was not performed. 

Chemical Itests

The c o n tro llin g  chemical param eters in  composting ares moisture* 

pH and C/N ratio (Gainsville Municipal Waste Conversion Authority* 19^9)• 

Ihe env ironm en ta lis t i s  concerned w ith  the  levels o f n itra te *  phosphate* 
and potassium  in  leach a te  w ater. For these  reasons these  parameters, 

were measured freq u en tly  during  the  th re e  months o f composting. The 

microbiologist i s  in te re s te d  in  fo llow ing the  in te ra c tio n  between mi­
crobes and the  environment* the r e la t iv e  abundance o f m icrobial forms* 

and in  the su rv iv a l o f pathogenic organisms* For th ese  reasons counts 

o f  bacteria*  fungi* and ac tln o ay ce tes  were taken.

M oisture. Ere-weighed* oven-dried , g la s s  screw-cap j a r s  were 

used to  determ ine percen t m oisture. The j a r s  were f i l le d *  weighed, and 

stewed u n t i l  a i r  d ried  f and then they  were brought to  equ ilib rium  

m oisture level over phosphorus pentoxide. To avoid loss of valuable 
©rgami© m a te r ia ls  samples were not oven-dried. Samples were taken at
0.5* 1.5* and 3.0 feet in depth* at about two feet fro® locations A* B, 
and C in the pile from both north and south sides.

pH. Measurements of pH were mad© on the above collected sam­

p le s  p r io r  to  m oisture determ inations. An Aeeumet 5§9 Digital pH/ion 
meter was used and pH was r@ad in 0.01M calcium ch lo rid e  solution a© 

described  by Beech (1963) to avoid s a l t  in te rfe re n c e . I t  must be 

noted  th a t  pH measured i s  0.01 CaGlg is about 0.5 pH u n its  lower than 

that measured in water using one part soil and two parts water.

Leachate. Leachate samples were withdrawn from th© p a r t ia l ly
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evacuated ly s i a s t s r  tubes every two weeks o r a f te r  r a in s  when the  tubes 

were u su a lly  f u l l .  ‘ftrelve samples were withdrawn, th re e  from each F ie ld  

(F) and p o s itio n s  A, B. and C under th e  windrow. Chloride and iro n  were 

seasured  c e lo r im e tr ie a lly  u sing  a  Kacfe co lo r comparator! n i t r a t e  was 

measured w ith a  n i t r a t e  e lec tro d es  phosphate was measured c o lo r im s ir i-  

e a l ly  a f t e r  development o f the  phospho-molybdate blue colors and po tas­

sium was analyzed by f i n e  em ission spectroscopy. Leachate n itro g en  

was measured as  n i t r a t e  u sing  th e  Model 70i Orion Meter. B rie r to  u t i l ­

iz a t io n  o f the m eter, a  standard  curve using  sodium n i t r a t e ,  covering a  

range o f 0 to  1000 p a r ts  per m illio n , was e s ta b lish e d . ihe  method of 

Myers and Paul (1969) was u t i l i z e d ,  le ach a te  phosphate was analyzed 

using  the methods o f Grewelisg and Beech (i960) with sp e c ia l a t te n tio n  

to  a  comparison o f phosphate concen tra tion  between leachate o f windrows 

and th a t  o f the f i e ld  lo c a tio n . Leachate potassium samples were analyzed 

by flame em ission using  a  Jasrrel-Ash atomic absorption  spectrophotom eter.

Carbon-Nitrogea Batlo. the carbon-a itroges r a t i o  was monitored 

during  th e  composting p rocess. Carbon was analyzed by the  MaH&ay-HLack 

method (A lliso n , 1965) . fh© compost was low in  selmbl© 01, Jfa, and lb  

and low in  c lay  so  no co rrec tio n  was necessary  fo r  th em  in terference©  

(A lliso n , i960). Ihe compost was ground in  a tfiley M ill using a brass 

screen  so th a t  m  oxldizabl© iro n  was in troduced. N itrogen was d e te r ­

mined by conventional K jeldahl a n a ly s is .

M icrobiological fast©

P erio d ica lly  during  the  composting period  an attem pt was made 

to  fo llow  the population level©  o f b a c te r ia ,  a e iia c a y e e te s , and fu n g i. 

Oily tb® cen te r o f  the  windrow a t  A, B, and G lo c a tio n s , 25, 50, ®®d 75
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were used to  aero the instrum ent.

During th e  p la t in g  p rocess t r a n s f e r s  were made from m icrob ial 

co lon ies  fo r  fu tu re  id e n t i f ic a t io n .  Gom post-extract ag ar, B aete-A etlno- 

aycete  ag a r, and Rose Bengal were used to  screen  f o r  compost b a c te r ia ,  

a e tin o ay ce te s , and fu n g i re sp e c tiv e ly .

Samples f o r  m icrob ia l a n a ly s is  were c o lle c te d  a t  the  same tim e 

and lo c a tio n  a s  pH and m oisture samples. A ho le  was dug in to  the c en te r  

o f  the  p i le  w ith a  washed spade. Autoclaved one-pound coffee  cans were 

used to  collect two samples a t  each o f th re e  locations. Che sample was 

used f o r  pH and m oisture d e term ina tions, and th e  o ther f o r  m icrob ial 

counts on undistu rbed  compost. A d i lu t io n  s e r ie s  was prepared on th e  

m icrob ia l sample u sin g  10 g o f  sample. Hie f i r s t  d i lu t io n  b o t t le  con­

ta in ed  sev era l dozen g la s s  beads to  a id  in  breaking up th e  compost and 

m icrob ia l aggregates ( d a r k ,  1965c ) . To allow  p la te s  to  be poured w ith­

out the agar s o lid ify in g , media were prepared  in  th re e , 500 ml batches, 

ffcom each d i lu t io n ,  1 ml p o rtio n s  were s c e p t ic a l ly  p lpeted  in to  f iv e  

s t e r i l e  p la te s  i n i t i a l l y  from the  10"^ to  10”^ d i lu t io n s .  When a l l  75 

empty, s t e r i l e  p la te s  (25  p l a t e s / s i t e )  were in o cu la ted , then  the  twelve 

ml of s t e r i l e  medium were a s e p iic a l ly  added, th e  p la te s  sw irled  to  

thoroughly a i r  th e  sample w ith th e  medium and th e  mass allowed to  

s o lid ify .

Hiis procedure was rep ea ted  with a  b a c te r ia l  medium, ©a aetia© - 

ayeete  medium and a  fu n g i medium. When assays were mad® f o r  o th e r mi­

crobes an id e n tic a l  d i lu t io n  technique was follow ed. Hie ro u tin e  ana­

ly s i s  involved 225 samples. All microbes were incubated a t  20-22° C. 
Actlnemyeetes and fu n g i were counted a t  ten  days, while b a c te r ia  were 

counted at fo u r days. Two s e r ie s  o f f iv e  p la te s  with d i lu t io n s  y ie ld in g
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colony counts o f  3®-3O0  rang® wear© used in  determ ining p la te  counts.

Uses® counts were M ju sted  to  s ia ro b e s /g  d ry  freight using  th e  m oisture 

d a ta  obtained  fro® th e  sane swpl@ site.
Ctece th e  saleroM al counts were c®®plet@d, tra a sm itia a c ie a  wore 

p lo t te d  a g a in s t m icrob ial oount using  the  logarithm  of transm ittance  

v e rsu s  t o t a l  microbial count and/or TOG concen tra tion  (F igure 9)»

G harasteasisatien o f Mature taap o st 

P hysical P ro p e rtie s

Anlea-Bxchaage C apacity . 3he method o f  Lenhard, BuFlooy, and 

Boss (1963) was u t i l i s e d  to  determ ine anion exchange cap ac ity . Maaoxol, 

sodium diocty lsu lphoisaceiast® , was used to  provide an anion source.

For A. E.G. n@asurener.ts huaie  ac id  was chosen a s  th e  standard  s ince  i t  

re p re se n ts  the  pr@ dcataaat n a tu ra l component o f s o i l s  w ith h i$s an ion ie  

adso rp tion  p ro p e r tie s .  Samples included two b@rk-s®w@ge compost sam­

p le s ,  J i f f y  Mix, the iia c k le y  s o i l  from th e  f i e ld  s i t e  in  Conic, lew 

Hampshire, B e r l i te ,  Canadian p e a t, F e rm icu lite , coarse md f in e  sand, 

and twelve s o i l s  supp lied  by th e  Council on S oil Itesting  and H am t An­

a ly s i s  L aboratory , Athens, Georgia. The procedure used follow ed th a t  

o f Zanhard ©t @1. (19&3) and Lomgwell and Maniac® (1955)*

Huaie a d d  samples were weighed and tra n s fe rre d  to  250 s i  Bfe- 

leasseyer f la k e s .  Then, 10 a l  o f  25 PI® sa n o x d , 9® *1 of d i s t i l l e d  

d e io n ised  w ater, 5 ml o f n e u tra l  methylene hLu© so lu tio n , and 10 ml o f 

a lk a lin e  phosphate so lu tio n  w@r® p ip e tte d  in to  th e  f la s k s .  A fter mixing 

fox  on© hour, th® samples wer© shaken w ith  10 ml o f chloroform fo r  on® 

minute and tra n s fe r re d  through a  g la ss  funnel plugged with a  wad o f 

g la s s  wool to  the f i r s t  sep ara to ry  fu n n e l. Ih® Erl®am@y®r f la s k  was
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washed w ith two 5 &1 washes o f chi er o f o ra  to  complete the t r a n s f e r .  Ihe 
wool was squeezed g e n tly  w ith a  f la t te n e d  g la s s  ro d  and washed w ith two 

5 ml chloroform washes. Ihe sep ara to ry  funnel was then shaken f o r  one 

minute tend so lv en ts  were allowed to  sep ara te .

A g la s s  red  was used to  hreak up the emulsion which formed m  

th e  s id e s  o f the sep ara to ry  fu n n e l. Ihe lower la y e r  was drawn o f f  to  

a  second sep ara to ry  fu n n e l. 13am ml o f  d i s t i l l e d  deionised  w ater and 

5 ml o f ac id  methylene hLue were added. The sep ara to ry  funnel was then  

shaken f o r  one m inute» allowed to  se p a ra te » and th e  almost d e a r  lower 

la y e r  was drawn o f f  through a  co tton  wad in to  a  50 ml volum etric  f la s k .  

Ihe sep ara to ry  funnel was shaken with th re e  5  ml chloroform wadies u n t i l  

the  Blue d isappeared . Sadi time the low er la y e r  was added to  the  5® ml 

f la s k .  F in a lly , the f la s k  was brought to  ex a c tly  5® ml with chloroform , 

in v erted  sev era l tim es and samples drawn fo r  co lo rm etric  determ ination . 

For each sample ru n , a  w ater t&aak was used to  s e t  10Q?£ transm ittance  

and a  s e t  o f s tandards was run  each day.

Samples were te s te d  hy the procedure used fo r  huaie ac id  except 

th a t  samples o f only 0 . 1 , 0 . 5 , 1 . 0 , 2 . 0 , 5 . 0 , and 10.0  grams were used. 
When examination of th e  f i r s t  sep ara to ry  funnel showed th a t  the samples 

possessed high anion ad so rp tio n , so th a t  l i t t l e  was leashed in to  the 

chloroform la y e r ,  sm aller a liq u o ts  o f wash chloroform and mm@ washes 

were used so th a t  a l l  methylene-Mue-maaoxol complex was washed in  the  

s o lid  alkaline and a c id  methylene steps. Washes were adjusted so as 
not to exceed 50 ml in  the  f in a l  volumetric f la s k .

The adsorptive capacities were calculated as follows a
Grams huaie  ac id  (at 90% o f maximum) , 00 

grams test medium ~ *
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Cation-Exchange Capacity. Two methods were u t i l i s e d  to  ob ta in  

measurements o f catioa-exehang© c a p a c ity « the ammonium sa tu ra tio n  

method and th e  summation method a s  described  by Chapman (1965a , 1965b). 

In  a l l  procedures, th e  fo llow ing t e s t  samples were used in  triplicate t
1) Kingman Research Farm, Madbury, New Hampshire, Charlton s i l t  loam,

2) J i f f y  Mix, 3) Canadian p e a t, 4) six-month o ld  coapest, and 5) oae- 
year o ld compost.

Water R etention. Since percen t m oisture had been determ ined a t  

s i t e s  A, B, and C, at severa l depths, th ese  va lues were used to re p re ­

se n t percen t m oisture (B ellea and Gleimie, 1963) . Water-holding capa­

c i ty  fo r  th e  same f iv e  media used in  ca tio n  exchange determ inations 

was estim ated  from the amount of water retained by samples placed in  

Gooch c ru c ib le s  wetted from below by p a r t i s !  immersion and then allowed 

to d ra in  to constan t weight in  a  moisture sa tu ra ted  atmosphere. Ihe 
samples were sa tu ra ted  by p lac in g  them in  coffee cans on shelves above 

shallow w ater. W ater-saiwrailo® capacity (so luraticm  capacity) was 

conducted over water a lso  b u t was determ ined from weight o f  the  sa tu ­

ra te d  m ate ria l before any lo s s  by g ra v ita tio n a l d ra inage. Mater re te n ­

t io n  was determ ined a f t e r  d ry ing  sa tu ra te d  sample® fo r  48 hours over 

hydrous calcium chloride (CaGLg!6H20) a t  25° G (31# relative humidity). 
For a l l  o f  th ese  determ ination® , triplicate samples were used,

Chemical B ronerttoa

Selected  samples o f windrow m ate ria l and p le a t  t is s u e  m ate ria l 

mcx® spectrogriiphieaLly analysed fo r  P, K, Ga, Mg, Ha, Si, PS»6 P®» B, 

Cu, Zh, Al, Sr, B&, and Mo. The se rv ice s  of the gpectrographl® Labora­

to ry  a t  the Ohio A g ricu ltu ra l Research and Development C enter, Wooster,
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Ohio were used f o r  th i s  phase of study. K jeldahl analyses were a lso  con­

ducted by conventional techniques on p la n t t is s u e  and compost samples.

M icrobiological Population Study

During the  m onitoring of the  windrows fo r  population counts of 

fu n g i, actinom ycetes, and b a c te r ia ,  over 100 samples had been taken o f 

p la te  co lonies which appeared rep eated ly  fo r  l a t e r  id e n tif ic a t io n .

Notes were taken as to  da te  picked, colony co lo r and morphology, and 

medium on which they were iso la te d . L ater th e  microbe was c la s s if ie d  

as a  fungus, Fj y eas t, Y; actinom ycete, A; or bacterium , B.

Suspected fungal co lon ies  were ro u tin e ly  spo tted  onto Czapek’ s 

(CZ)j Czapek's 20% sucrose (CZS)j Malt E x trac t (MX)j po ta to  dextrose 

agar (ED)s po ta to  c a r ro t  dex trose cigar (PCD) 5 and i f  suspected to  be a 

y e a s t, Davis’s y eas t s a l t  agar (DY). They were cu ltu red  a t  25 *C and 

a f te r  two days were d a ily  examined fo r  two weeks to  check growth and 

p u r ity . Most cu ltu re s  were mixed and contam ination was d i f f i c u l t  to  

e ra d ic a te , bu t a f t e r  sev era l t r a n s fe r s  pure c u ltu re s  were obtained.

Yeasts and fung i were Id e n tif ie d  to  genus le v e l  using methods 

of Gilman (1957). Lodder (1970), Menzies ( I 965) ,  Toussoun and Nelson 

(1968) ,  B arn e tt and Hunter (1972), Raper and Fennell (1965) , and Raper 

and Thom (19^9). All co lon ies  were ra te d  fo r  co lo r using  the Ridgeway 

Color Charts (1912).

The actinom ycetes co lle c te d  o r ig in a lly  on Bifeo Actinomycete 

agar and those subsequently found on Rose Bengal o r s o i l  e x tra c t  agar 

were brought to  the ac tiv e  s ta te  of growth on new p la te s  of actinomycete 

medium ( d a r k ,  1965a ) . Colonies were picked and streaked  onto o ther 

se lec ted  media (Gilman, 1957) and notes taken as to  r a p id i ty  o f growth,
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th re e  days, sad f iv e  days. They were analysed as p rev iously  described .

For i n i t i a l  d e te c tio n  and es tim atio n  a t  th re e  days, compost sam­

p le s  were te s te d  by the acce le ra ted  procedure fo r  Salm onella developed 

by Sperber aad B eibsl (1989) . B»e slow er B ac te rio lo g ica l A naly tica l 

Manual (1969a )  procedure was u t i l i s e d  a f t e r  f iv e  days o f  composting to  

assay  f o r  Salm onella and r e la te d  sp ec ie s . Ihe B ac te rio lo g ica l A nalyti­

c a l  Manual (1969b ) procedure f o r  E. eoli was used in  conjunction with 

th e  standard  coliform count procedure f o r  recovery  of f e c a l  conform s. 

Ihe method fo r  recovery  o f  C. a lb ican s  was n o t s tandard , t a t  follow ed 

Wiley and Westertarg (1969)*
On the f i f t h  day, growth in  Selenite-C ystim e (SC) mad Tetrathi- 

on&te (T t)  bro th  was s treak ed  onto s tandard  s e le c tiv e  media. A t o t a l  

aero b ic  b a c te r ia  p la te  count was performed on th e  f i f t h  day and co lon ies 

picked f o r  subsequent c la s s i f ic a t io n .  Suspected Mlcrocoecus and S trep­

tococcus were tubed f o r  l a t e r  s tudy  usin g  methods from Harrlgam and 

MeCanee ( 1966) . Suspected S h ig e lla  co lon ies from Salm oaella-SM gella 

agar on th e  f i f t h  day o f the  study were subcultured  to  p u r ify  and then 

te s te d  w ith  Kohn®s 2 -tube media. Colonies picked from fu n g i, ae tin cay - 

c e te , y e a s t ,  p la te  count ag a r, and th e  Salmonella and c o l i f o n  t e s t s  

were taxonanically te s te d  u n t i l  proven to  be nem-patfaogeaic. A search 

was made fo r  pathogenie fu n g i u sing  the  methods o f Hasea, Gordon, and 

Seed (1970). t e s t  f o r  m etasoasa, th re e  10 ipraa sample© ©f compost 

were em ulsified  in  50 ml o f phy sio lo g ica l s a lin e .  Three 5 ml samples 

were concentrated  u sing  zinc s u lf a te  so lu tio n  and repeated  c e n tr i­

fu g a tio n  a s  described  by Wiley and W estertarg (1969) . Another th ree  

5 ml sample s e ts  were incubated fo r  twenty-one days a t  room tem perature 

and concentrated  by z inc  s u lf a te  f lo ta t io n .  Samples were examined
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m icroscop ica lly  to  view ova and v ia b i l i ty .

Rrotosoaas were counted using  th e  techniques o f  Clark and Beard 

(1965) sod Singh (1955) u sin g  A erobacter aerogeaea and Pseudomonas 

finer® sceas a s  food. Daring th i s  e s tim a tio n , m icroscopic search was 

made f o r  th® human pathogen Entamoeba h is to ly t ic a .

Algae were known to  be p re sen t on the  bark  u t i l i s e d  i s  t h i s  

experiment so a cursory  exam ination using  the methods o f  Clark and 

B u rre ll (1965) were u t i l i s e d  to  enumerate sp ec ies. No attempt was 

made to  es tim ate  spore su rv iv a l.

N u tr it io n  S tud ies

Prelim inary  S tud ies

While th e  109 cubic yards o f  bark-sewage compost was m aturing, 

some p relim inary  experim ents were conducted usin g  a  l e s s  mature e® » 

p o s t to  determ ine th e  r e la t iv e  importance o f suspected v a r ia b le s  

a ffe c tin g  the  compost a s  a  s o i l  replacem ent.

Since th e  windrow was n o t m ature, a  sm aller windrow was b u i l t  

in  th e  sto rage yard  a t  th e  Boehesier Main Sewer R ap in g  S ta tio n  in  

Clonic. Ground bark was s a tu ra te d  w ith sewage f r e a  th e  wet well o f  th© 

s ta t io n  and heaped in to  a  p i le  twenty f e e t  long . Use excess sewage was 

d ra ined  o ff  in to  th e  wet w ell and was piped to  th® iagocsdng system. 

B sis m a te ria l was allowed to  compost on ly  one-month (Jane-Ju ly  1972) 

hu t was tu rned  a t  two and th re e  weeks.

Study 1 . To, determ ine the. lim e requirem ent o f  the  compost a  

s e r ie s  of compost samples were, mixed w ith  high-m agnesiua-lia® stone 

( l ^  Mg) and pH.measured. Because th e  compost from previous te s t in g  

had shown low magnesium and lo c a l s o i l s  were low in  magnesium a
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magnesias r ic h  lim estone was used.

E ight p a ired  samples o f 50 grams o f m oist compost were weighed.

To these samples 0 , 0 .1 , 0 .3 . 0 .5 . 1 .0 , 2 .0 , 5*0, and 10.0 grams of 

lim estone were added. £11 were s a ti r a te d  with 100 ml o f d i s t i l l e d  

deion ised  w ater, s t i r r e d  with g la s s  ro d s , allowed to  s e t t l e  and read  

e le c tro n s tr io a l ly ,  msing g la ss  and sa tu ra ted  calomel e lec tro d es  using
i

pH 4 and pH 7 b u ffe rs . Headings were taken a t  0 .5 , 24, 48, and 120 

hours a t  ambient lab o ra to ry  tem perature •
i

Study 2. Ihe compost described  above was used in  a  f a c to r ia l  

design with tomato a s  the t e s t  p lan t. Hire© le v e ls  of n itro g en  (0 , 0 . 5 , 

and 1 .0  lb s  NH^MC /̂yd3 ) and potassium , (0 , 0 . 5 , ®®d 1.0  l b s  KSL/yd3 ) and 

two le v e ls  o f  phosphorus (0 , and 2 lb s  superphosphate/yd3 ) were used. 

Following in co rpo ra tion  of f e r t i l i s e r  trea tm en ts , tomatoes (lycoperslcum 

cscolatum v a r. Sunset) were tran sp lan ted  in to  prepared p o ts . Ihe p la n ts  

were harvested  a f t e r  8  weeks growth under greenhouse cond itions.

Study 3. When the compost was 2 f  month© o ld , two experim ents 

were conducted p a ra l le l  to  those described  above. Ih ree le v e ls  o f  lime 

were employed a t  h igher concen tra tions than in  Study 1. Both e x p e ri­

ments received  r a te s  o f 0 , 10, and 20 lb s  lim e/yd3 o f compost. Study 

3 was conducted w ith '’organic" sources of n u tr ie n ts  § n itrogen  was 

supplied  by M ilergan ite , a  d rie d  sewage sludge from Milwaukee, Wiscon­

s in .  Since Milorgaait© contained only  %  N compared to  5%  fo r  

ac re  H ilerganii©  was used th ®  HH^NCy Potassium was supplied by g ran ite  

meal (H yhro tite) which was 5*7% K compared to  52.4$ fo r  KEL. A r a t e  o f 

9 .2  tim es th a t  of K& was used. Ihospbate was supplied  by rock phos­

phate and d r ie d  sewage sludge. A r a te  was ca lcu la ted  such th a t  to ta l
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phosphate wag the  same a s  th a t  supplied  in  the  p a r a l le l  expex isost using  

superphosphate f e r t i l i s a t i o n .

Stadjr j»  In  o rd er to  study th® e f f e c ts  upon tomatoes o f  in c re ­

ment© o f lim e, an attem pt was made to overcome the poor Cj/N ratio and 

to  supply I ,  P, and K f ro a  both organic and ino rgan ic  sources so  a s  to  

supply these  th re e  e s s e n t ia l  n u tr ie n ts  from both re a d ily  and slowly 

a v a ila b le  sources. Two pounds o f  B, P, and K/yd^ were added* h a l f  o f  

each n u tr ie n t  being r e a d i ly  av a ila b le  and . th® o th e r h a lf  f re e  th® slow er 

"organic* sources s ta tio n e d , in the  previous experim ents.

l in e  was supplied  a t  0 , 5 * 10* 15* 2 0 , 30 , ^0 , 50 , 60, anti 70 

lb s/y d ^  in  o rder to  show pH e f f e c ts .  Tomatoes were d i r e c t  seeded im­

m ediately  a f t e r  lim estone ad d itio n .

Study 5. Bare© p a r a l le l  tomato growth © rpexteeats were con­

ducted to determine th e  best source o f phosphate f o r  conposts. Ex­
perim ents by Bodrova and Qssoliaa (1968) had shown th a t  rock phosphate 

could rep lace  the ac re  expensive superphosphates a s  a  phosphate source 

when m  o rg an ic -rich  m ate ria l was in  us®, n itro g en  and potassium were 

both supplied  at rate®  of 2 lbs/yd^ on the b a s is  o f  N and K^Of l in e  

was supplied a t  10 lbs/yd^. In  both eoapost and s o i l ,  tea le v e ls  of 
phosphate were supp lied  from two sources -  rock  phosphate and super­

phosphate.

Study 6. Three tomato growth experim ents were conducted using  

increment® o f  th re e  s o i l  ad d itiv es  (ben ton ite  c lay , p e r l i t e ,  and verm l- 

c u l i t e )  to  determ ine if such a d d itiv e s  in crease  a v a i la b i l i ty  o f  n u t r i ­

e n ts .. B enton ite , a  c lay  m ineral w ith high ca tio n  exchange cap ac ity , 

was used at ten  levels with a basal ap p lica tio n  of 1 , P, K, a id  lim e.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



32

Other experim ents were eos&ueted u s in g  ( l )  p e r l i t e  sad (2 ) voraieMlit© 

m ired in  volume/volume r a t io s  o f  ©, l / lO ,  2 /1 0 , 3 /l0» k/lO , aM. 5/10 

a d d itiv e  to  compost. f iv e  r e p l ic a t io n s  o f each o f th© aforementioned 

trea tm en ts  were employed.

Oeaaocote HPK Study

A fter s ix  months o f composting, experim ents were I n i t i a te d  i s  

th e  sp ring  o f 1973 on a  m icroM olegicaU y sa fe  compost using  a  s p l i t  

plot experim ental d e s ig n ._ Main p lo t  trea tm en ts  co n s is ted  , o f Qsmpeote, 

a  c o n tro lled  re le a se  14-14-14 f e r t i l i s e r ,  ap p lied  a t  r a t e s  s u f f ic ie n t  

to  supply 0, 0.14, 0.28, 0,56, 1.12, and 2 .24 lb s  ■ n itrogen /yd^  o f com­

post* Subplot trea tm en ts  co n sis ted  ©f biweekly a p p lic a tio n s  o f MM^Oj 

s o lu t io n .a t  th ree, c o n c e n t r a t i o n s . 100 , .and 200 pp» N. Sabplei 

'.trea tm en ts were in i t i a t e d  fo llow ing  th© f i r s t  h a rv e s t and consis ted  of 

250 ml applications of each o f  th e  above MJ*Q^ so lu tio n s . Limestone 
was app lied  a t  a  r a te  equivalent to  5 lbs/yd^. Sadi trea tm en t was 

re p lic a te d  fo u r  tim es.

Osmoeote, a  product manufactured by S ie rra  @»®saieal ©3., Newark, 
C a lifo rn ia , possesses a  8 .4 ^  asmoniacal n itro g en , and n i t r a t e  

n itro g en  encapsulated to  provide • 10 . %  co n tro lled  re le a se  N. Sie 

phosphorus (Pg®,.) in  derived from ammonium and calcium phosphates* the 
potassium  i s  derived  from potassium s u lfa te .

E igh t-inch  p o ts  of 2.53 were f i l l e d  w ith 2700 g rass  of moist 
compost, f e r t i l i s e r  and .lim estone, and th© m a te ria l poured onto p la s t i c  

sh e e ts  and thoroughly mixed. After m ixing, th© p o ts  were repacked to  

about one inch from the top . The compost was le v e le d  and about 450 

seeds o f sudam "grass (Sorghum Sudanese vat. KLper) were sown evenly
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over the  su rfa ce . Ihe sedan g rass  was s e le c te d  a s  th e  t e s t  p la n t  to  

allow su sta in ed  h a rv e s t during  the w ars su sse r  period . Following the 

seeding , about one-fourth  inch  of ih e  t r e a te d  compost was s i f t e d  over 

the  seeds. W atering was subsequently performed to  sim ulate ?Q% f i e ld  

cap ac ity  on a  w eight b a s is . At m e month a f t e r  seeding and every  two 

weeks th e re a f te r  f o r  18 weeks* the g ra s s  was harvested  using  a  c u ttin g  

frame which allowed a  f l a t  surface to  be c u t a t  about one Inch above ihe  

po t. Samples were p laced  in  paper bags fo llow ing  h a rv e s t, d r ie d  a t  80® C 

and weighed. Samples o f th e  4 th , 8th ,  and 12th week h a rv est were ground 

to  pass  a  40 mesh screen and were 3pectr© graph ically  analyzed.

N itrogen Study

As soon a s  t i s s u e  w eight and genera l observations made in te r ­

p re ta tio n  o f th e  Osmecote study p o s s ib le , i t  was obvious th a t  optimum 

n itro g en  needs o f  th e  p la n ts  were n o t being met. To provide ad d itio n a l 

inform ation  on op tim iza tion  o f n itro g e n , a  study involving su lfu r-co a ted  

u rea  (SCU-3©) a s  the n itro g en  source was s ta r te d .  A randomized complete 

block w ith fo u r  r e p l ic a t io n s  and te a  tre a tm e n ts  rep resen ted  th e  ex p eri­

mental desig n . Bte n itro g en  trea tm en ts  co n sis ted  o f N applied  a t  r a te s  

eq u iv a len t to  0 , 0 .1 4 , 0 . 28 , O.56, 1 .12 , 2 .2 4 , 3*36, 4 .48 , 6 .72 , 8 . 96 , 

and 13*44 lbe /yd^  from the  SCU-30  source (39«1#0» A ll compost r e ­

ceived b a sa l a p p lic a tio n s  o f lim estone, m uriate o f po tash , and rock  

phosphate a t  r a t e s  eq u iv a len t to  0 . 5 , 1 . 8 , and 3*6 lb s/yd^  re sp e c tiv e ly . 

As in  th e  csmceot® study , e ig h t inch  p o ts  were used, and. compost t r e a t ­

ment and seeding were a s  described  e a r l i e r .  H arvests were made fo u r 

weeks a f t e r  p lan tin g  and every two weeks th e r e a f te r .  K jeldahl n itro g en  

analyses were conducted on se le c ted  -treatm ents and speetrographic
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analysis perforated on harvests made a t  th e  6th  and 16th week fo llow ing 

seeding. K& ldahl analyses were performed on composite samples o f  a l l  

re p l ic a t io n s  o f h a rv e s ts  made in  th e  10t h ( 12t h ,  14 th , and 16th  weeks 

fo llow ing seeding due to  lim ite d  y ie ld s .

Potassium Study

To a sse ss  th e  K requirem ent o f p la n ts  growing in  the composted 

sewage-hark m ix ture , a  randomised block experim ent was s e t  up w ith  r e ­

p l ic a t io n s  and K̂ O r a te s  id e n t ic a l  to  -those described  under th e  N itro ­

gen Study. Basal r a te s  o f lim estone , phosphorus, and n itro g en  were 

added f ro a  high-magnesiua lim estone, rock phosphate, and su lfu r-co a ted  

u rea  a t  r a t e s  eq u iv a len t t@ 5 » 3«6 , and 2 .2 4  lb s/yd^  re sp e c tiv e ly , 

s ince th ese  rep resen ted  th e  apparent optimum based on previous and con­

c u rre n t re sea rch . Sudan g ra ss  was again used a s  the t e s t  p la n t,  and 

p o ts  were prepared as  described  p rev iously . In  t h i s  study , h a rv e s ts  

were made a s  d escribed  e a r l i e r  and spectrograph lc  a n a ly s is  performed 

on h a rv e s ts  made on the  6th  and 16th  week fo llow ing  p lan tin g .

Phosphate Study

To p a r a l le l  the n itro g en  and potassium experim ents a  f in a l  

greenhouse randomized block study was s e t  up varying rock phosphate 

r a t e s  when lim estone , H, and K̂ O were a p p lie d ,a t  basal r a te s  o f  5 t 

2 .2 4 , and 1 .8  lb s /y d ^  re sp e c tiv e ly . Bock phosphate was applied  a t  

eleven  r a te s  o f 6 , 0 .5s 0 . 9 , 1. 8 , 3 . 6 , 7 -2 , 11. 6 , 1 4 .4 , 21 . 6 , 2 8 .7 , and 

43 lb s /y d ^ . Grope were p lan ted  and harvested  a s  w ith previous ex p eri­

ments and the 6th  and 12th  week h a rv e s ts  sp ec tro g rap h ica lly  analyzed.
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F ie ld  N u tr itio n  Study

Ih ls  study was conducted in  Gonic, New Hampshire, w ith la rg e  

volumes of compost app lied  to  f i e ld  p lo ts .  Ihe experiment consis ted  of 

25 p lo ts  measuring 15 x 20 f e e t  la id  out over l ig h t ly  harrowed coarse 

sandy loam (Hinckley sandy loam). A fro n t-en d  loader was used to  place 

150 cubic f e e t  o f compost on each p lo t j  the compost was then raked to  

about 6 inches deep by hand and 80 pounds of high-magnesium lim estone 

spread per p lo t. Five r e p lic a tio n s  were employed w ith f iv e  H r a te s  -  

0 , 2, 4 , 8 , and 16 lb s . NH^NO^/plot -  to  c rea te  a 5 x 5  L atin  square 

design . Limestone and n itrogen  were t i l l e d  in to  the compost w ith about 

two inches of s o i l  being incorporated  in  the process. Five furrows 

th i r t y  inches a p a rt were made per re c ta n g le , and twenty f iv e  seeds of 

sweet corn (Zea mays var. Sugar and Gold) were p lan ted  a t  e ig h t inch 

in te rv a ls .  Seeds were covered with two inches of compost. Although 

growth was poor, se le c ted  samples were analyzed.
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CHAPTER IV 

RESULTS AND DISCUSSION

S ite  P repara tion  and Production of Compost

In order to  ob ta in  maximum sewage holding capacity, bark 'and
wood waste should be as  fre sh  a s  p o ssib le . Microbes indigenous

. *
to  bark t e s t  in to  a c t iv i ty  and d riv e  tem peratures up w ith in  a shredded 

o r chipped mass of bark as  soon a s  th i s  material i s  heaped so th a t  if 
bark i s  allowed to  begin to  compost before sewage i s  added some poten­

t i a l  h ea t i s  lo s t .  I t  is im portant to  mix sewage with bark in  about a 

60/40 waste to  l iq u id  ratio while the c a r r ie r  so lid  i s  f re s h ly  chipped 

and d ry  so th a t  the bark i s  wet enough to  encourage rap id  microbial 
a c t iv i ty  but n o t so wet as  to  allow anaerbloais. P ra c tic a l observation 

concerning compost hand ling , tra n sp o rt and s i t e  requirem ents are  d is ­

cussed subsequently*

M onitoring o f Windrows 

M eteorological M onitoring

Examination o f th e  su b so il m oisture d a ta  revealed  th a t  the 

upper la y e rs  o f s o i l  beneath both the windrow and f i e ld  are  u su a lly  

more m oist than the lower la y e rs . In  one sev era l day period ( a f te r  30 

days composting), the  s o i l  beneath the windrow was equally  dry a t  depths 

o f one, two and th re e  f e e t  showing th a t  m oisture had been drawn up in to  

the windrow. At th e  beginning o f  composting th e re  was a  no ticeab le  f lu x  

o f moisture moving from the base of the windrow in to  th® so ils  the

36
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moisture le v e ls  a t  one and tiro f e e t  beneath the  windrow were g re a te r  

than th a t  in  the f i e ld  at th e  same dep th . M oisture le v e ls  a t  th re e  

f e e t  remained r a th e r  constan t a t  both th e  f i e ld  location and th e  windrow 

lo c a tio n , although moisture was drawn upward beneath the  windrow at some 

p o in ts . During one period (50-80 days) m oisture again fluxed  downward 

in to  th e  s o i l  from the windrow bu t read ied  l e s s  than two feet. I t  was 

p o ssib le  to  conclude that*

1. During the i n i t i a l  s a tu ra te d  s ta t e ,  moisture from the 
windrow reaches a  depth  o f th re e  f e e t .

2. Moisture moved both upward from the su b so il toward the 
windrow and downward during  ra in y  periods in to  the  subsoil} 
a t  no time during th i s  experim ent was th e re  a  continuous 
f lu x  downward from th e  windorw to  leach  n u tr ie n ts  from the 
windrow In to  the water ta b le .

Suction ly sim e te r samples f o r  MOy-N, K*» CO.", and Pa^con-
3-c e n tra tio n s  are  summarised in  Table 5- 2h® i n i t i a l  H O yi and POy con­

c e n tra tio n s  beneath the  windrow were lower than in  the field. On later 
d a te s  th e  N0^“ and K* were more concentrated  beneath the windrow than in  

th e  ad jacen t f ie ld .  Biosphate and iro n  in  the compost m ixture (c o n tr i­

buted from the  sewage to  some degree) appeared to  be re ta in e d  in  the  p i l e ,  

p o ssib ly  duo to  the  high ca tio n  exchange c h a ra c te r is t ic s  o f  the  compost.

The compost remained moist throughout th© period  of maturation 
at all depths, le v e lin g  off at about h%  moisture during  w in ter months 

when little evaporation lo s s  apparently occurred while the  p i le  was 

frozen o r snow covered (Mote Figure h). At s ix  inch depths, dry ing  by 

evaporation was pronounced and m oisture f lu c tu a te d  m oderately. At the 

one and one half and three foot levels, moisture fluctuations was mini­
mal. In th® f a l l  months, the  m oisture again remained c lo se  to  

equ ilib rium  s ta te .  Moisture conten t at one and on® h a l f  f e e t  was only 

about 2% less than that at th re e  feet even when the su rface  was much
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Table 5. Chemical c o n stitu en ts  o f su b -so il suction  ly sim eter  samples from se le c te d  f i e ld  and windrow s i t e s  
over the composting period September 9» 1973 to  December 26, 1973* Values rep resen t one f i e l d  
sample and an average o f three windrow samples expressed as ppm o f the resp ec tiv e  elem ents.

N C l-N  2%^ ~ K *  5 " *  ’

Date F ie ld Windrow F ie ld ' Windrow F ie ld Windrow F ie ld Windrow F ie ld Windrow

9/19 300 180 .08 .04 3 2 .9 4 6 0 .2 0 .2

9/26 17 350 .20 .18 2 .5 6.0 2 6 0 .5 0 .2

10/10 100 520 .18 .16 3 8 .0 2 4 0 .5 0.2

10/17 170 700 .15 .13 3.3 9.0 2 2 0 .3 0 .2

10/24 140 470 .17 .16 3.9 10.1 4 4 0 .4 0.1

10/31 90 320 .18 .16 4 .0 11.3 2 2 0 .4 0.1

11/7 30 470 • 19 .17 4 .0 12.6 4 4 0 .7 0.2

11/13 38 200 .20 .18 3.3 14.2 2 2 0 .5 0.2

11/21 250 720 .08 .04 5.0 12.5 4 4 0 .4 0.2

11/28 170 620 .17 . 16 5.1 11.9 4 4 0 .5 0 .2

12/5 320 780 .08 .02 5-5 10.7 2 4 0 .3 0.1

12/12 540 800 .02 .02 6.1 9.0 4 2 0 .4 0 .2

12/19 540 500 .02 .02 5-3 8 ,0 2 2 0 .5 0 .2

12/26 490 720 .08 .04 5.0 6 .6 4 2 0 .5 0.1

Mean 228 525 ..- •1 3 -  - .11 4.2 .......JL'5........— 2 .____ 3 0 .4 0.2
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more dry  than th e  in te r io r .  A d i s t in c t  m oisture decrease w ith in  the win­

drow occurred during  the f i r s t  ten  days o f  composting. F a rt o f  th i s  

m oisture appeared, a s  noted in  leach a te  s tu d ie s , in  subsurface m oisture 

f lu x .

temperature. Changes in  tem perature o f the compost mixture 

during  the 0 - 110 days i s  illustrated in  Figure % P as teu riza tio n  

tem peratures were a tta in e d  during  the e a r ly  stages of composting with 

subsequent tem peratures never going beyond 120° F.

Chemical T ests

pH and Oxygen. Data r e f le c t in g  changes in pH and oxygen tension  

a re  p lo tte d  on Figure 6 . Die inverse  re la tio n s h ip  between oxygen u t i l i ­

za tio n  and changes in  hydrogen ion a c t iv i ty ,  which this plot illustrates, 
r e s u l t s  from the  production o f organic ac id s  by the microbes which r e ­

q u ire  utilization of oxygen during th e i r  exponential phase of growth. 

Lowest pH occurred a  few days a f te r  construction o r tu rn in g  of the win­

drow. r e f le c t in g  the g re a t in c reases  in  m icrobial a c t iv i ty .  Die growth 

o f b a c te r ia  i n i t i a l l y  caused a  slew decrease in  oxygen tension , t a t  as 

t h e i r  numbers in crease  the oxygen tension  drops, and th i s  in  tu rn  slows 

t h e i r  growth. lh® production o f organic ac id s  by the microbes decreases 

pH § as microbial a c t iv i ty  decreases, the  pH r i s e s ,  because the organic 

a c id s  are  u t i l i z e d  by o th e r microbes and in  re a c tio n s  with inorgan ic  

materials. It i s  noteworthy th a t  pH change© la g  behind the  c o rre s ­

ponding cause -  th e  a e ra tio n  brought about by the tu rn in g  of the  win­

drow. Furthermore, oxygen tension  always remained above 90 am p ressure  

so th a t  the windrow in te r io r  remained aerob ic  even during  w inter months.

At the  end o f the m aturation p ro cess , pH and oxygen tension
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appear to  reach  s teady  v a lu es  r e f le c t in g  the usage by th e  microbes 

o f  most o f  th e  so lub le  carbon sources* the atta inm ent o f  a  s ta b le  1Sf% 

ratio* moisture content* and th e  evo lu tion  of a c l  l a s s  m icrobial popu­

la t io n  o f  bac teria*  actinem ycetea and fung i.

Cagbon-Nltrogen R atio . While uadeeoaposed f re sh  bark possessed 

C/K r a t io s  between 200 and 350* depending upon sp ec ies  and t in e  s ince  

th e  m a te r ia l l e f t  the. debariMars*.the f irs t.sam p le® ,o f bark-sewag® com­

post* tak es  a f t e r  th re e  days o f composting* had r a t io s  ranging f ro a  69 

to ?6 . F igure 7 shows the. v a lu e s .o f  .samples; te s te d  over. time. F inal 

C /l r a t io s  a f t e r  f i f t y  weeks o f compos t in g  were 16.5 to 19.2. When the
1 ' ! '

C/h r a t i o  o f compost i s  p lo t te d  against t in e  o f composting* the slope 

between p o in ts  A and B» C and S» and E and F are  s teep  corresponding to  

rap id  m icrob ia l degradation . A s l ig h t  red u ctio n  in  carbon u t i l i s a t i o n  

occurred when windrows were turned  * and a f t e r  p o in t. F* the  r a te  o f  de­

com position becomes r e la t iv e ly  s ta b le . Use change in  0/X ratio from 

the 15th to  the  50th week o f coapobtimg i s  only  about 11 u n i ts ,  free 3® 

to  19* w hile th e re  i s  a  45 u n i t  drop f ro a  th e  th i rd  day o f composting 
u n t i l  p o in t F i s  reached. Unas, th e re  are  two stage® o f the composting 

process -  a  r e la t iv e ly  rapid period  o f  decomposition follow ed by a  

slower maturation point. If a C/N ratio l e s s  than 20 is to be ob­
tained, g e n e ra lly  considered to  be necessary  to prevent .nitrogen de­

f ic ie n c y  * se v e ra l a d d itio n a l months should be allowed f o r  fu r th e r  

m aturation  o r the  windrow tu rned  one o r  two more tim es (Grey* German* 

and B idd lestoaa , 1971). Under the co n d itio n s  of th i s  study* supple­

mental n itrogen , i s  needed to . avoid a.n itrogen , s t r e s s  when such compost 

is used, a s  a  p le a t  growth media. Ihe. q u a n tita tiv e  requirem ent f o r  

n itro g en  in  p la n t  n u tr i t io n  s tu d ie s  i s  discussed in  a  later sec tio n
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of this paper.

M icrobiological Sleets

Table 6 shows the m icrobial population o f se lec ted  organisms 

during  the composting period  a s  w ell as  transm ittance  d a ta  r e la t in g  to  

th e  iriphenylform asaa re a c tio n  fo r  m icrobial a c t iv i ty .  Figure 8 I l l u s ­

t r a te s  the fluctuation o f microbial population  during composting. The
TPF t e s t  provided a  convenient index o f microbial a c t iv i ty  during  the 

composting period .

Froa the  m icrobiological d a ta , the following general conclusions 
may be trades

1. During the i n i t i a l  s tages o f composting, when soluble 
components (sugars, alcohols, a c id s , and p ro te in s )  are  
available, b a c te r ia  dominate as the  principle microbes 
w ith in  the compost.

2. T im ing the compost encourages b a c te r ia l  activity.
3> Toward the end o f the  composting period  b a c te r ia l  
activity drops relative t© th a t  of actinomycetes and fung i, 
bu t numerically, the  b a c te r ia  remain the dominant l i f e  form 
in the compost.

Of sp e c ia l note are the d a ta  obtained from the triphenylforma- 
zan test for microbial activity which is depicted in Figure 9* This
enzyme assay , used c a re fu lly  in  conjunction with microbe counts to ob­

ta in  standard curves, should be o f s ig n if ic a n t  value in  assessin g  micro­

b ia l  activity within compost during the processing  period . The method 

is f a s te r ,  e a s ie r  and le s s  expensive than the plate count technique and 

w ithin  2k hours w ill give information necessary to judge tu rn in g  time 

or pathogen status.
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Table 6. M icrobial population  during  the composting period  September 
17» 1973 to  December 26, 1973* Values re p re se n t the mean of 
f iv e  re p l ic a t io n s .

DAYS OF ORGANISM POPULATION (x 106/g  dry  compost)
DATE COMPOSTING ACHNOMYCETES FUNGI BACTERIA TOTAL

9/17 1 .19 .01 .25 .45

9/19 3 .34 .05 1.14 1.53

9/26 10 .  56 .0 ? 5-51 6.14

10/10 24 .48 .18 1.73 2.39

10/ 1? 31 • 39 .24 .35 .98

10/22 WINDROW TURNED

10/24 38 .18 • 13 2.29 2.60

10/31 45 .36 .06 1.51 1.93

11/7 52 .40 .08 1.02 1.50

11/13 58 .18 .04 .78 1.01

11/21 66 .17 .03 .45 .65

11/23 WINDROW TURNED

l i /2 8 • 15 / \ t .  
• V *t 1.24 4

JL •

12/5 80 .12 .02 •57 .71

12/12 87 .07 .02 • 36 .45

12/19 94 .08 .02 .20 .30

12/26 101 .0? .03 .15 .24
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Characterization of Mature Compost

Physical P ro p e rtie s

Anion Exchange Capacity(AEC). Following techniques o f Lenhard 

e t  a l .  (1963)* a- p lo t  o f m illigram s adsorbed manoxol versus weight o f 

sample m a te ria l was construc ted  fo r  humic acid  and se lec ted  s o i l  and 

compost m a te ria ls  (Figure 10). When the  90% o f maximum adsorption  

l in e  f o r  humic acid  was drawn, a  value o f 0.225  mg adsorbed manoxol 

was obtained} s im ila r  curves f o r  o th er media were then e s ta b lish e d  from 

experim ental d a ta . The weight of these m a te ria ls  req u ired  to  absorb 

the same amount of manoxol as humic acid  a t  90% of maximum adsorp tion  

was then determ ined. The adsorp tion  c a p a c itie s  of the  various t e s t  

media were ca lcu la ted  as fo llo w s8

H  x 100 -  AEC

where, HA = grams of humic ac id  which absorbed 0.225 mg manoxol, 

and, TM = grams of t e s t  s o i l  medium which absorbed 0.225 rag manoxol.

A value of 0.225 mg manoxol was chosen because i t  was 90% of 

the maximum value of manoxol absorbed by the humic acid . The maximum 

amount of manoxol absorbed by humic acid  was 0.250  mg.

For one-year o ld  compost the AEC was ca lcu la ted  as fo llow s!

AEC = H  (100) = (100) = 13.3^

where, grams humic ac id  which absorbed 0 .225  rag manoxol = 0 . 5 t and, 

grams one-year o ld compost which absorbed 0 .225  rag manoxol = 3 *75*

The anion exchange c a p a c itie s  re p re se n t the r e la t iv e  absorp­

tio n  e f f ic ie n c y  of a  given s o i l  medium compared to  humic ac id . These 

va lues are given in  Table 7. The o rg an ic -rich  media show markedly
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Table ? . Selected  chemical c h a r a c te r is t ic s  o f some a g r ic u l tu ra l  growing 
media. Values re p re se n t th e  mean of th ree  samples.

Cation
Exchange
Capacity

Total Ex­
changeable 
Bases (TEA)

Exchangee, 
ab le  Acid­

i t y  (EA)

Summation
(TEA
1* EA)

Anion Ex­
change 
Capacity

Sample -  _meg/100  grams

S oil (C harl­
ton s i l t  
loam) 19.6 13.3 3 .9 17.2 5 .0

Jiffy-M lx 113.5 91 .6 27.3 118.9 9-5

Peat 108.8 112.3 2 9 .6 141.9 15.4

6-Month
Compost 37-5 57.6 I 6 .9 74. $ 6 .5

1-Year
Compost 76.5 74-.0 2 1 .6 95.6 13.3
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h ig h er v a lu es  in  AEG than m ineral r ic h  s o i l s ;  Canadian p ea t and one-year 

o ld  compost show n ea rly  id e n tic a l  anion exchange va lu es . J iffy -M ix , a  

widely used commercially available p o ttin g  media showed AEG values in ­

term ediate  between m ineral s o i l s  and compost o r  p e a t moss. Based on 
these  d a ta , the high AEG o f compost i s  noteworthy in  th a t  it favo rab ly  

compares w ith th e  AEG o f p e a t, the  most w idely used organic soil amend­

ment f o r  cond ition ing  purposes.

Cation Exchange Capacity (GEC). Cation exchange capacity  was 

determined by the  ammonium a c e ta te  method (Chapman, 1965a) and a lso  by 
summing the  exchangeable bases and exchange a c id i ty  (Chapman, 1965b).

Jiffy-M ix and p ea t moss showed th e  highest cation exchange capa­

c i t i e s ;  compost possessed ca tio n  exchange c a p a c itie s  in term ediate  be­

tween peat and soil.
!

. Water Retention 8 Compost samples, showed high values,, of w ater 

retention as displayed by c o lo ra tio n  cap ac ity , drained capacity and 
water retedtlon at 31# relative humidity (Table 8). the high co lo ra­

t io n  cap ac ity  o f organic m ate ria l r e f l e c t s  the high porosity o f  such 

media. Jiffy-M ix and p ea t possessed n o ticeab ly  higher values f o r  the  

above param eters compared to compost.

Chemical P ro p e rtie s

Analyses fo r  bark and bark-sewage composts are  shewn in  Table 
4 . Levels of n itro g en , phosphorus and s in e  were n o t in creased  (ap p rs-

i ,
c la b ly ) . Magnesium was increased  by about 100#; th i s  Increase  is 
d e s ira b le  i f  the compost is used in , New aig land  where s o i l s  are  gen­

e r a l ly  deficient in this important element. Molybdenum conten t was
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Table 8. Water re te n t io n  c h a r a c te r is t ic s  of se le c te d  a g r ic u ltu ra l  grow­
ing  media. Values a re  expressed a s  % w ater con ten t on a  d ry  
weight b a s is  and re p re s e n t the  mean of th ree  re p l ic a t io n s .

Sample
S o lu ra tion  Capa­

c i ty ,  % HgO
Brained Capacity,

% h2o
Water Retention! 

© 31 % RH

S o il (Charlton 
s i l t  loam) 37 33 6

Jiffy-M ix 1189 695 41 i.

Peat 1343 735 4-3

Compost-6  month 443 188 25

Compost-1 year 518 223 40
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increased  about 200$ to a le v e l  above that expected in  garden s o i l s  

(Baker, 1957)* Iron and copper le v e ls  increased about 400$ bu t regained 
lo v e r  than the  background le v e ls  in  garden s o i l .  Silicon and aluminum 
Were increased  about 800$ fro® low v a lu es  to  modest v a lu es . 2he addi­

t io n  of sewage to  bark d id  n o t in c rease  le v e ls  of K, Ca, Na, Mn, Bt Sr, 

and Ba s ince  th© bark was r ic h e r  in  th ese  elem ents than was th e  sewage. 

In this experim ent the sewage contained low levels of macro and micro 
n u tr ie n ts  and only trace amounts of 2n, Mn, and Cu. Ike addition of 

sewage improved the nutrient statu®  o f th© compost, b u t i t s  main fune- 

t i e s  was to provide moisture and organic su b s tra te  to  encourage rapid 
microbial activity.

Spectrogr&phic a n a ly s is  of f i e ld  compost samples showed th a t  

nitrogen additions under field conditions d id  not significantly in­
crease percen t n itro g en  in  th e  su rface  s ix  in d ie s . K itrogen ad d itio n s

1 ’
up to 800 lbs. NHjjNÔ /acre increased soil nitrogen levels from 0 .55 to 
0 .69 percent, the h ig h est soil nitrogen level being lower than that 
expected in garden soil which should test i to 1.5$ nitrogen. Ike 
percen tages of P, K, and Mg were 0.13, 1.00, auu 0.15, respectively,
which were adequate f o r  garden soil. Calcium analysed 0.72$, a  value 
l e s s  than the acceptable 1.5$ level. The t r u e  elements Mn, F®, 3 , (hi, 

2t, Al, and Mo, were present at ppm values ©ft 193*2, 1033*6, 14.6, 
19.6, 69.6, 1100.6, and 30 respectively. Stese element® existed at
concen tra tions c o n s is te n t w ith average values repo rted  by Mortvedt, 
Giordano, and Lindsay (1972). Both bark and compost were r ic h  in  boron. 

With th® increased  use o f b o ra te s  in  d e te rg en ts  and in  in d u s try , a  tox­

i c i t y  could r e s u l t  i f  boron accum ulates in  the  hum s of s o i l ,  as  found 

by H asler and Zttber (1966). Moraal s o i l  boron le v e ls  range fro a  ?  to
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80 ppa (Gmpaan, 1966) so that to x ic  e f f e c ts  are  unlikely when the coa- 

p o s t I s  t i l l e d  in to  s o i l  a lread y  low in  boron. Ho t e s t  was made f o r  co­

b a l t ,  ba t i t  i s  known th a t  ferromagnetic a llo y  pollution w astes contri­
bute t h i s  element to  Boeheater sewage. Since th e  a g r ic u ltu ra l  lan d s 

nearby show markedly low c o b a lt co n ten t, (K&bota, 195*0» the  compost 

used as  a p la n t growth medium could help to, prevent co b a lt d e f ic ie n c ie s  

in  liv e s to c k .

M icrobiological Population Study

Initially 211 I s o la te s  of bacteria, aetinomycetes, and fungi 

were obtained f ro a  the many p la te s  mad® av a ilab le  by th® population 

study, Those organisms which were found only a t  th e  beginning of com­

p o stin g  or found only occasionally on p la te s  were a r b i t r a r i ly  c la s s if ie d  

a s  t ra n s ie n t  microbes, these are  tab u la ted  in  Appendix Table 1. Organ­

isms c o n s is te n tly  p resen t in  the compost are  shown in  Appendix Table 2. 

B ac te ria l representatives of the c la s s  Schisophyeeae included members 
o f on ly  th ree  orders} Pseudomonsdales, E u b ac te rie les , and AetJLaomyc©- 

ta le s .  By f a r  the  most numerous were pseudononads.

Meaatedes were p resen t throughout the windrowing stage and in  

the f in a l  compost. Tim© d id  n o t perm it complete search and c la s s i f ic a ­

tio n  of those nematodes separated  in  the funnel technique. Those found 

Included sierobivaroae species such an Bfaal&itis ■ and Aerobeles and phy- 

tophagus species such as  Aphelenchoides and Dorylalaas.
Th© r e s u l t s  o f  m onitoring procedures fo r  th© in d ic a to r  organisms 

E scherich ia  c o l l . Salmonella heldlebsrg, and fead ida a lb ican s  are d ie -  - 

played' in  Table 9 . Th® sewage d isp layed  a  high c o lifo ra  count, but most 
were not enteric form s, the E. coll count being le s s  than one-ten th  th© 

e o lifo ra  count. Salmonella species were found in  th® sewage at low

R e p ro d u c e d  with p e rm iss ion  of th e  copyright owner. F u r th e r  reproduction  prohibited without perm iss ion .



56

Table 9 . Population o f pathogenic microorganisms w ith in  seeded compost, 
in  unseeded samples o f Compost, and in  o th e r se le c ted  m ateria l 
used in  compost co n stru c tio n . Values are given in  m icrobes/ 
gram d ry  weight of sample ( s o l id s ) ,  o r as  microbes/ml ( liq u id s ) .

Sample E. c o li
Organism* 

Salm onella sp.
Candida
a lb ican s Colifozms

Ground Bark 0 0 0 0

Sewage, Roches­
t e r ,  N. H. 1 .7 x 107 137 7 forms 3-6  x 108

Seeded Samples:

000

In o cu lan t 3* 5 3 .2  x  108 2 .4  x 108 2 .6  x 106

I n i t i a l  Com­
p o st 2 .5 x 10^ 2 .8  x 106 2 .2  x 106 2 .6  x 106

Compost-24 h rs . 11 130 620 72

Compost-36  h rs . 0 0 0 0

Unse’eded Samples:

I n i t i a l  Com­
p o st 1 .4 x 105 12 1 2 .0  x 106

Compost-24 h rs . 213 3 0 1 .7  x 103

Compost-36  h rs . 0 0 0 0

* T ests were negative fo r  the genera S h ig e lla , Micrococcus, and S trep to ­
coccus.
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le v e ls ;  Candida was a lso  found t u t  in  sm aller numbers than  Salmonella 

b a c te r ia . Ihe I n i t i a l  compost contained over two m illio n  c e l l s  per 

gram dry  w eight o f  each o f  the  in o cu la ted  sp ec ies . W ithin 24 hours the  

pathogen le v e ls  were reduced 1000- fo ld  and by th e  end o f  a  36  hour p er­

iod  the  pathogens had been destroyed . Had sampling been mere extensive, 
pathogens may have been found n ear the o u tside  o f the  windrow fo r  an 

extended perio d , bu t time and the overtu rn ing  o f  the  windrow must have 

completed th e i r  destruction since  they  were n o t found l a t e r  then  the 
mature compost was ch a rac te rized  m icro b ia lly .

H u trltlo n  S tudies

Prelim inary  S tud ies

Study 1. Ihe relatively high r a te s  of high-magnesium lim estone 

ap p lic a tio n  to  m oist undecosposed bark causes su b s ta n tia l  pH change 

(Figure 11). Che gram o f lim estone per 50 grams o f m oist bark i s  equiv­

a le n t  to  about 22 lbs/yd^. Between 2.2 and 22 pounds o f  lim estone 

application, the pH at 120 hours was elevated only about one unit; 
another te n - fo ld  ad d itio n  o f lim estone produced an ad d itio n a l two pH 

u n i ts  o f  change w ith in  -the 120 hour t e s t  period . While the  i n i t i a l  pH 
may be in creased  fo llow ing ad d itio n  o f lim estone, the  pH continuously  

decreases due to  the extreme ac id  n a tu re  o f the  bark. In crease  and 

stabilization of pH is beneficial for those crops not acclimated to the 
equ ilib rium  pH value of 5*5 “ 6* For lim ing  to  be e f fe c t iv e  in  an ac id  

compost it must be applied well in advance of seeding a crop. If a 
value of a r e a l ,  p® 7  i s  needed a  rat®  of 22 lbs/yd^ i s  re q u ire d , bu t a  

minimum of 5 lb s /y d ^  should be mixed in to  the  compost both to  improve 

pH and to  add calcium and magnesium.
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LIME RATE IN GRAMS 
PER 50  GRAMS COMPOST

0 .3
0 .5
1.0
3 .0
5 .0
10.0

10 -

HOURS AFTER LIME APPLICATION

FIG. II INFLUENCE OF LIMESTONE APPLICATION ON IMMEDIATE pH RESPONSE 

IN MATURE COMPOST.
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Study 2. When tom atoes were d i r e c t ly  seeded In to  the above 
undeeoaposed medium, sever® s tu n tin g  occurred. The problem appeared 

d i r e c t ly  re la te d  to  extrem ely low pH and I s  s u f f ic ie n t  n itro g en .

Study 3. thia study , invo lv ing  a  cursory  study o f  slow -re leass  

n u tr ie n t  sourcesf sewag® sludge* g ra n ite  d u s t,  add rsc k  phosphate, con­

tinued  to  produce exceedingly  poor growth o f tomato p la n ts . Both low 
and high f e r t i l i s a t i o n  r a t e s  y ie ld ed  poor p la n ts  and symptoms appeared 

re la te d  to low pH sad nitrogen defic ien cy .

Study 4. Hie fo lia g e  d ry  w eight o f tomato p la n ts  a® influenced 

by in c reasin g  increm ents o f  lim estone ad d itio n  to  the  undeeoaposed hark 

I s  i l l u s t r a t e d  in  Figure 12. Foliage dry  w eight was u t i l i s e d  a s  the  

response i s  th ese  s tu d ie s  because t h i s  v a r ia b le  d i r e c t ly  r e l a t e s  to  

u ltim a te  f r u i t  y ie ld . Tomato p la n t  y ie ld  increased  up to  and inc lud ing  

a  lim estone ad d itio n  o f 10 lbs/yd^.

Study 5 . H iis  study was concerned with evaluation of phosphate
source f o r  growth enhancement o f  tomatoes when app lied  a t  vary ing  r a t e s  

to  undecomposed bark-sewage m ix tures. F igure 13 i l l u s t r a t e s  th e  d is ­

t i n c t  benefit of app lied  PgO^ up to 26.6 lbs/yd^ from superphosphate 
and up . to  hO lbs/yd-^ fro® rock phosphate sources. H a s t  growth- dimin­

ished  at rates of phosphate application beyond these above levels.

Study 6 . Use r e s u l t s  of t h i s  s tudy , r e la t in g  to  increm ental 

ad d itio n  o f verm iculif® , p e r l i t e ,  and b en ton ite  d a y  to  undecomposed 

bark-sewage medium are shewn in  Figure 14.

Tomato y ie ld s  increased  w ith ad d itio n  o f the above amendments - 

up to  a  limit f g re a te s t  average yield occurred when either venaiculit®
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or perlite were added on the b a s is  of 1 s5 volume/volume ratio. G rea test 

b e n e f it  was shown w ith  th e  a d d itio n  o f  p e r l i t e  compared to  v e ro ic u li te  

and d a y .  d a y  a d d itio n  produced the lowest relative b e n e f it  compared 

to  the other addltam ents. N itrogen d e fic ie n c y  continued to  exist in the  

p lan ts*  f u r th e r  s tu d ie s  a re  needed to  determ ine th e  co n trib u tio n  of 

these  ad d ita a e n ts  to  a  bark compost in  term s of b e n e f i t /c o s t  r e la t io n ­

sh ip s  and s p e c if ic  a sp ec ts  o f  improved s o i l  chemical behavior.

Qaaocote NPK Study

The c e n tro lle d -re le a se  14-14-14 grade o f  Qsaoeote was ine©rps*» 

ra te d  with the composted bark-sewag© p r io r  to  seeding with Sudan g ra ss . 

V isually  d is c e rn ib le  e f f e c t s  were noted  mi g ra ss  growth fo llow ing  t r e a t ­

ment with as little as 0.14 lbs N/yd^ of compost from Osmocote (Appen­
dix Table 3)» The n itro g en  requirem ent f o r  optimum or maximum growth 

was not met however* even at a level of 2.2** lbs Osmocote/yd^. Ihe re­
sults of Osmocote treatment and subplot effects of supplemental nitro­
gen on crop yield a re  given in Appendix Table 4.

Kjeldahl analysis of th e  g ra ss  t is s u e  from th ree  harvests is 
summarized in  Figure 15. Harked in c rease  in  p e rcen t N in  p la n t  t is s u e  

was obtained with the 1.12 and 2.24 lbs N/yd^ compared with lower rates* 
however, yield data tend to show that optimum N levels still have not 
been achieved in  th e  compost.

Hie composition o f N* F , and K in  the  Sudan g rass  fo lia g e  was 

in fluenced  by Osmocote treatm ents*  d a ta  fo r  which ere given in  Table 

10.

No significant effects were noted from the subplot nitrogen 
treatments. Figure 16 shows photographic evidence of main plot Osmocote
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FIG. 15 Nitrogen concentration (% ) of Sudan grass foliage as influenced by the addition of 
Osmocote (14-14-14) controlled-release fertilizer. Values represent an average of 
three replications. Limited sample size prevented Kjeldahl analysis of tissue 
from the lower Osmocote rotes.
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Tati© 10. Elemental concen tra tions o f sudan g ra ss  fo lia g e  on the 8 th  
week fo llow ing p la n tin g  a s  in fluenced  by d i f f e r e n t ia l  r a te s  
o f Osmocote (14-14-14) a p p lic a tio n . Values re p re se n t th e  
mean o f  th ree  re p l ic a t io n s .

Osmocote Rate, Elemental C oncentrations. %
lh s/yd3 Nitrogen Phosphorus Potassium

0 .w »

.14 1.64 .41 2.64

.28 1.63 .37 2.46

.56 1*93 .4? 2.70

1.12 2 .64 .6? 3.32

2 .2 4 3.15 .64 3.80

LSD
.05 .2 6 .09 • 32

* Limited sample s iz e  prevented K jeldahl a n a ly s is  o f  t is s u e .
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e f fe c ts  on Sudan g rass  growth. Figure 16a shows the g rad ien t o f  e f f e c ts  

i f  p o ts  a re  arranged in  o rder of decreasing  Osmocote r a t e  from l e f t  to  

r ig h t  on the  gphenhouse beach. Figure 16B shows the  growth r a te  o f the
* ■ *  a • • .

c o n tro l, 0.28 l b s  N/yd3, and 1.12 lb s  H/yd3 trea tm en ts . Figure 16C 

shows the e n t i r e  spectrum o f growth o f Sudan grass  in  compost supplied  

with in c reasin g  amounts o f  Osmocote supplying n itro g en  from 0-2.24 
lb s /y d 3 .

Nitrogen Study
' . j. ■

Yield d a ta  showing the in fluence  o f su lfu r-co a ted  u rea  oh dry  

wei^t o f Sudan g ra ss  at nine h a rv est d a te s  a re  shown in  Appendix Tables 

5 and 6. Figure 1? d isp lay s  g rap h ica lly  the  in fluence  o f sulfur-coated 
u rea  on Sudan g ra ss  h a rv e s ts . In  a l l  cases growth rat® beyond the 

s ix th  week drops o ff  rapidly.
Belatively ra p id  nitrogen d e p le tio n  o f the medium apparen tly  

occurred in  successive h a rv e s ts  a t  the lower r a te s  o f app lied  nitrogen. 
H ighest y ie ld  a t  the 6th week a f te r  p lan tin g  occurred with the  3*36 lb .  

r a te  o f app lied  N| highest yields of grass were m aintained for about 
two months with the sulfur-coated urea; less soluble N materials are 
w arranted f o r  us® w ith t h i s  compost fo r, long-term  p lan tin g .

The tissue levels of N in Sudan grass foliage f o r  selected ' 
harvests are given in Appendix Table 4. Appendix Table ? shows tissue 
levels of other elements. Using nitrogen levels between 1 .5  and 2 .5#  

(Table i l )  a s  reasonable in term ediate  va lues fo r  eudan g ra ss  t i s s u e ,  

it is apparent that the three lower levels of nitrogen treatment do 
no t m aintain adequate n itro g en  f o r  the  twenty week growth period . How­

ever the highest trea tm en t produced inordinately high tissue n itro g en  

levels.
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Figure 16. Baotographs showiag th e  ia fltieace  o f  ia e re a e a ia l  ad d itio n  
to  the  compost o f  Osmocote c o a tro lle d -re le a se  f e r t i l i s e r  
upc® growth o f Sedan g ra ss . Values shcwa re p re se n t n i t r o ­
gen le v e l  lncosroorated w ith bark-sewage compost oa the  
b a s is  o f lb s  M/yd-'.
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Table 11. Comparisons of t i s s u e ,  compost, and s o i l  n u tr ie n t  le v e ls  o f  s ix te en  se le c ted  elem ents.

Element

Tissue
D eficiency

le v e l

Tissue
In term ediate

le v e l

Tissue
Toxic
le v e l

%
Sudan . 
Tissue

Municipal 
Compost & 
Sludge0

! 1

Bark-Sewage
Compost

Garden
Soil®

N itrogen ( to t a l )  1 .5 1 .5 -2 .5 4.0 1.43 .94 .5 - .  7 1 -1 .5
Potassium 0 .2 5 -1 .5 1 .5 -3 .0 5 .0 2.38 .28

c*- 
. •1• 1-1 .5

Phosphorus 0 .05-0 .15 0.25-0 .35 0 .6 .44 .28 .1 - .1 5 0 . 1- 0 .2
Calcium 0.15-0 .30 0 .3 -0 .5 5 .0 .58 1.41 .3 - . 8 1 .5
Magnesium 0.10-0 .25 0 .25-0 .75 1 .0 .36 1.56 .1 - .2 5 .1
Sodium n o t re q 'd —10% N ad  so lu tio n  to x ic — .05 .42 .01 .01
S ilico n n o t re q 'd — — .18 — .9 -1 .5 30-90

v a ria b le
ppm

Manganese 2-20 50-400 500-1000 81 300 140-220 20 -50
Iro n 20-60 60-200 500 49 5 10,700 100-1050 100
Boron 5-20 30-150 100-1000 26 5 12-15 50
Copper 2-3 5-20 50-100 27 500 15-30 10
Sine 5-15 20-150 200-500 52 50 50-75 30
Aluminum (exch) n o t re q 'd 500 1000 542 11,900 1100-1200 100
Strontium n o t re q 'd 5-50 400 34 — 20-40 5
Molybdenum 0.01-0 .15 0 .2 5 -1 .5 5 1.77 — <30 .2
Barium n o t re q 'd 5-40 100 26 30-60

a. Composite from S auchelli (1965) , Kilmer, Younts c. Johnson City Municipal r e fu s e , Kupchick,
and Brady ( I 968) ,  and Mortvedt e t  a l ,  ( I972) ,  Chap- (1966)
man, (1966; ,  and Gauch (1972) d. Table 4 , th i s  re p o r t

b. N itrogen studyj co n tro l e . Composite from Baker, (1957)» Gauch,
(1972), and Macdonald, (1973)*
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Table 12 d isp la y s  the t is s u e  an a ly s is  d a ta  in  th ree  parts*  e le -  

aents supplied  a t  c o rre c t lev e ls*  elements supplied  a t  low le v e ls ,  and 

eleaeats supplied  a t  possibly dangerous le v e ls .  Magnesium t is s u e  le v e ls  

were at s i r  weeks below a  reasonable in term ed ia te  value of 0 . 26$ , b a t 

n o t quite a t  d e fic ien cy  le v e l  o f  0 . 1 8 a d d itio n a l magnesium should be 

app lied  to  th e  compost. This situation* again* emphasises the need fo r  

doloaitlc ra th e r  than caleltic lim e and r e f l e c t s  the  in te ra c tio n  between 

Ca and Mg ca tio n s  at low pH values (T isdale  and Nelson, 1966). Iro n  and 

aluminum were found a t  high t is s u e  le v e ls  a s  a r e s u l t  of th e i r  so lu b il­

i t y  a t  low pH. Aluminum was found a t  c lo se  to  to n ic  le v e ls  in some t i s ­

sue , and i t s  e f f e c t  a s  a  ro o t  poison should n o t be overlooked. High 

aluminum uptake i s  common in  hea lth y  p la n ts  (Chapman, 1966) and i s  to  

be expected a t  low pH. Minimum aluminum solubility is found between pH 

5«8 and 7 .0  so th a t  adequate lim ing  should minimise the  e f f e c ts  o f  alum­

inum. Values o f iro n  in  t is s u e  are abnormally high* bu t not so high as 

to  suspect a  to x ic  re a c tio n . Chapman (1966) d iscu sses  the p o s s ib i l i ty

o f d u s t contam ination o f  samples and p o in ts  ou t th a t  iro n  concentration
- 2  - hin le a f  t is s u e  1® 10 to  10 tim es th a t  of th e  s o il  in  which the p lan t 

grows. Since the compost d isp layed  values o f between 100 and 1050 ppm 
iro n  the values obtained in  t h i s  study  appear to  be higher than expected. 
Molybdenum was found at higher than normal concentration  in  leaf t is s u e  

but not a t  to x ic  levels. Chapman (1966) reports tissue values of 372 
ppm Mo a fte r  foliage ap p lica tio n  of f e r t i l i s e r  w ithout n o ticeab le  effect. 
Values of 100 to 2000 ppm Mo are evidently required to cause toxicity 
symptoms.

Examination of the statistical d a ta  d isp layed  in  Appendix Table 
7 shows th a t  P, Na* Si* Cu, and Mo le v e ls  in the t is s u e  were not

with p erm iss ion  of  th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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Table 12. A comparison of the concen tra tions o f twelve elem ents found 
in  Sudan g rass  t is s u e  to  those le v e ls  found in  normal Sudan 
g ra ss . Values are  from Chapman (1966), a j Gauch (1972), b ; 
and Mortvedt e t  a l .  (1972) ,  cj f o r  percen t or ppm on dry  
weight b a s is . Where Sudan g rass  values were n o t a v a ila b le  
corn v a lu es  were u t i l iz e d .  I ,  supplied  a t  c o rre c t lev e ls}  
I I ,  supplied a t  low lev e ls}  and I I I ,  supplied a t  p o ss ib ly  
dangerous le v e ls .

Element Supply Level Normal Tissue Source Sudan Grass 
Tissue

N % I 1 .5 -2 .5 a ,b 2 . 18- 3 .86

P % I 0.13-0.48 a 0 .30-0 .46

K % I 1 . 50- 3.00 a ,b 2 .18-3 .29

Ga % I 0 . 38- 0.80 a ,b 0 .44-1 .0?

3 ppm I 30-150 a ,c 30-61

Nn ppm I 20-500 a ,c 91-185

Zn ppm I 16-150 a ,c 66-93

Cu ppm I

0CM1 a ,c 11-14-. 5

Mg % I I 0 .26-0 .75 a O.16-O.49

Fe PPm I I I 50-200 a ,c 323-946

Mo ppm I I I 0 . 1-0 .5 a ,c 0 .87-4.73

Al PPm I I I 1000 c 98-918
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s ig n if ic a n t ly  changed by in c reas in g  n itro g en  ap p lic a tio n  r a t e .  Potas­

sium, magnesium, sine, and to  some e x ten t copper concen tra tions in  the  

t is s u e  were found to  be highest when n itro g en  r a te s  were a lso  high. 
Manganese and iro n  t is s u e  le v e ls  were depressed by the  high n itro g en  

concen tra tions throtsghout the studyt calcium was a t  f i r s t  depressed and 

then as  n itro g en  was u t i l i s e d  calcium uptake increased . Boron, alumi­

num, stron tium , and barium were s l ig h t ly  depressed when s o i l  n itrogen  

le v e ls  ware high.

Potassium Study

Yield d a ta  showing the  in flu en ce  of in c reasin g  increm ents o f 

app lied  potassium on d ry  weight of sudan g rass  a t  n ine h a rv es t d a te s  

appear in  Appendix Table 5 and a re  g ra p h ica lly  presen ted  in  Figure 13. 

The highest sustained yields occurred at the 1.12 lb/yd? rate of applied 
KgO. After 18 weeks, all yields were low, indicating depletion of 
nutrients. Of prim ary s ig n if ic a n c e , however, is the  lack  of d iffe ren ce  

between levels of applied KgQ during the early stages of the experiment. 
The data from the p rev ious nitrogen study and this d a ta  would tend to  

show th a t  the compost i s  amply supplying potassium to  the p la n ts  and 

supplemental K i s  o f questionab le  value except f o r  lo a g - te ra  'cropping.

:Tissue analysis d a ta  fo r  the 6th and l&th weekly harvest period  are  

'g iven  in Appendix Table 8. At low potassium r a te s  no K deficiency nor 

to x ic i ty  i s  shown? the  nutritional needs o f the sudan gras© for K were 
met. PLant growth was likely inhibited, however, by the relatively 
sh o rt days experienced during  the  f a l l  period .

At a rate higher than 1.12 lbs/yd^ of KgO the data tend to show 
evidence of salt stress (Tisdale and Kelson, 1966). Conductivity tests
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were made on samples re ce iv in g  0 , 0 .14 , 1 .12 , 2 .24 , and 13*^4 lb s  KgO/ 

yd** and showed values (1 x Iff** mhos) o f 9 , 15* 156, 310» and 520 r e ­

sp ec tiv e ly . Sash read in g s  a re  s trong  evidence th a t  the  h ig h e s t p o tas­

sium r a te  i s  c re a tin g  severe s a l t  s t r e s s  on the  p la n ts  from th e  app lied  

KGL even i f  th e  medium i s  a  h ig h ly  buffered  system.

Duncan's Test was u t i l i s e d  to  determ ine which trea tm en t produced 

s ig n if ic a n t ly  d i f f e r e n t  elem ental t is s u e  le v e l  analyses. High potassium 

f e r t i l i s a t i o n  r a t e s  o ften  cause depression  o f  both calcium and magnesium 

in  t i s s u e  (Kilm er, Younts, and Irad y , 1968) .  Hie expected depression  

o f magnesium was found, bu t calcium le v e ls  were e r r a t i c .  Manganese 

tissue concen tra tion  in creased  s ig n if ic a n t ly  w ith Increasing  potassium  

a p p lic a tio n .

Maas, Moore, and Mason ( 1969) found th a t  calcium and magnesium 

le v ie s  a f f e c t  uptake o f  manganese. In creasin g  Mg decreased absorp tion  

o f Hn, but Ca by i t s e l f  had no e f f e c t  upon &  uptake by excised b arley  

ro o ts .  Hie in creased  Mn found a t  high concen tra tion  o f K may be the  

r e s u l t  o f  dep ression  of Mg, which i s  this study  re su lte d  in  h ig h er Mn 

le v e ls .

Phosphate Study

Hie in flu en ce  o f  in c reas in g  increm ents o f  phophoras app lied  to  

ccsapost fresa rock phosphate on the dry  weight o f sudan g ra ss  fo lia g e  

i s  g ra p h ic a lly  d isp layed  in  F igure 19 , and the  numerical d a ta  a re  tab ­

u la ted  in  Appendix Table 6 . Data f rc o  t h i s  study in d ic a te  th a t  

r a te s  of 1.12 and 2.24 lbs/yd3 produced th e  h ig h e s t  p la n t y ie ld s  al- 
'• though no sharp  dem arcation e x is t s  between low and high phosphorus 

application rates. Phosphorus applications greater than 2.24 lbs/yd3
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caused very  s l ig h t  depression in  y ie ld s  r e la t iv e  to  the pronounced 
e f f e c ts  noted with the h ig h es t le v e ls  o f  nitrogen and potassium , t i s ­

sue an a ly s is  d a ta  f o r  the  6 th and 12th weekly h a rv es t period  a re  given 

in  Appendix ta b le  % Shrcsmt P in  g ra ss  t is s u e  was n o t s ig n if ic a n tly  

increased  a t  th e  h ig h es t le v e ls  o f  app lied  P in d ic a tin g  th a t  th e  com­

p o st was fu rn ish in g  the p la n ts  w ith adequate amounts o f  th i s  element 

fo r  sustained  production . I t  i s  conjectured th a t  microbial m etabolic 

ac tio n  produced, o rganic ac id s  which transform ed th e  r e la t iv e ly  im solu-
r

h ie  rode phosphate to  a  slow a c tin g  b u t reliable p h osp h ate source.

S im ilar r e s u l t s  were found in  Russian composting studies (Bodrova and 

Ozollna, 1968). No nutrient deficiencies nor t o n ic i t i e s  were found a t  

moderate PgO^ application rates* Iron and molybdenum were found at
h igher than expected le v e ls  in  t i s s u e  which r e f le c t s  t h e i r  increased  

a v a i la b i l i ty  under the a ic ro b io lo g ie a lly  a c tiv e  condition existent in  

t i l l s  medium.

In both the potassium  and th e  phosphorus studies a aolybdenua- 

phosphorus in te ra c t io n  may exist* Molybdenum uptake is enhanced hr high 
phosphorus levels (Greenwood and Hallsworth, i 960) . Molybdenum absorp­
tion and i t s  subsequent re le a se  from ro o t  c e l l s  in to  th e  translocation 
system is stimulated by phosphorus because, as noted by Mortvedt et al. 
(1972), the phosphomolybdat© anion is re a d ily  absorbed by the p la n t roots.

Iron and molybdenum in te r a c t  by m echan ise  which can have 

either b e n e fic ia l o r d e trim en ta l effects. With adequate molybdenum* 
the reduction of iro n  necessary  fo r  tra n s lo c a tio n  i s  accomplished* but 
a t  very high molybdenum concentrations* iron-m olyhdate complexes say  

p re c ip i ta te  and iro n  ch lo ro s is  may r e s u l t  (G srlo ff» Stout, and Jones, 

1959). The ctoapost apparently supp lied  both iro n  and molybdenum a t
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modest le v e ls  s in es  iro n  c h lo ro s is  did s o t  occur. E v iden tly  th e  compost 

supplied adequate molybdenum, h u t a c t  so much as  to  cause to x ic  effects.

Field H u tr ltlo a  Study

F ie ld  s tu d ie s  w ith corn grown oa compost w ith in c rea s in g  in c re ­

ments o f n itro g en  from ammonium n i t r a te  (Table 13) in d ic a te  th a t  aasdam  

production was obtained  a t  a  n itro g en  r a t e  o f 400 lb s  M/acre. I t  I s  

in te re s t in g  th a t  le a f  n itro g en  le v e ls  were w ith in  the in te rm ed ia te  range 

f o r  le v e ls  o f  200 -800 lb s /a c r e  y e t  growth was poor. Since the green­

house p o t experim ents in d ic a te d  th a t  P and K as  w ell a® m ieronu trien t 

requirements should have been met by the  b lanket ap p lic a tio n s  o f KOI, 

superphosphate, and dolomitic lime, only one p o ssib le  reason  rem ains to  

ex p la in  the g en era lly  poor growth, inadequate lim ing . Apparently a f te r  

composting the- bark-setmge medium rem ains p o te n t ia l ly  ac id . Ha® ammon­

ium n i t r a t e  u t i l i s e d  in  th e  f i e ld  experiment apparen tly  eantsed the pH 
to  drop below th e  a lread y  low 5*4- le v e l o f the  soil-compost plow la y e r  

(Andrews, 19561 Barney, 196®). The high aluminum le v e l o f  both s o i l  and 

compost a lso  Increased the a c id i ty  le v e l .
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fata® 13. In fluence o f  n itro g en  incorporated  with compost p r io r
to  p lan tin g  on th e  y ie ld  and n itro g en  le v e l  in  corn t i s s u e .  
Values re p re se n t one r e p l ic a t io n  and a re  not tre a te d  
s t a t i s t i c a l l y .

Treatment N itrogen C oncentration No. S a r a / F r e s h  Weight 
lb s  W/acre________ o f  l e a f  T issue. %  H o t________3 p la n ts .  Ifea

0 1.29 34 6

100 1.44 36 8

200 1.57 42 12

400 1.83 44 14

800 1.80 39 13
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CHAPTER V

GENERAL CONCLUSIONS AND MANAGEMENT CONSIDERATIONS 

Processing Bark-Sewage Wastes

Although th i s  study u t i l iz e d  hardwood bark as  the absorbant 

base m ate ria l fo r  composting, work o f Knoll (1959)» Karim and Chowd- 

bury (1958)* Gray, Sierman and B iddlestone (1971), and many o th e rs  has 

shown th a t  any d ry , shredded, non -tox ic , organic m a te ria l w il l  produce 

good compost.

This study has shown th a t  bark, having an i n i t i a l l y  high C/N 

r a t i o  re q u ire s  a  long m aturation  period  and re q u ire s  N supplem entation 

under cond itions where i t  w ill  be used as a p la n t growth medium. Bark 

re p re se n ts  an ex c e lle n t m a te ria l fo r  composting since i t  con ta ins some 

N, s ig n if ic a n t  amounts o f P and K, and most of the e s s e n tia l  tra c e  e le ­

ments im portant in  promoting p la n t growth. Furtherm ore, i t  la ck s  to x ic  

substances and i s  easy to  handle w ith a wide v a r ie ty  o f equipment from 

shovels to  fro n t-en d  lo ad e rs , ih y s ic a l consistency  and chemical charac­

t e r i s t i c s  of the f in ish e d  product are  ex c e lle n t as a  growth medium fo r  

p la n ts . Composting should be recognized as a  fe a s ib le  technique of 

reducing the C/N r a t io  o f products such as bark. The w e t ta b i l i ty  of 

composted bark-sewage i s  a  fe a tu re  im portant to  greenhouse managers, 

s ince  poor w etting  and w ater re te n tio n  often  c h a ra c te r iz e s  d ry , un­

shredded bark. Under the  b es t con d itio n s, a  th ree  month period  of 

composting would appear to  rep re sen t the minimum time requirem ent fo r  

p repara tion  of the  f in ish e d  product.

79
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Despite the  c o s t involved i t  i s  adv isab le  to  u t i l i z e  one of the 

sev era l re a c to r  systems to  mix and provide c o n ta in e riz a tio n  during the  

f i r s t  th ree  days o f composting. Che approach would be a  slowly rev o l­

ving drum (Schulze5 1961)* another would be u t i l i z a t io n  o f b in s which 

could be emptied w ith a fro n t-en d  loader or b in s  b u i l t  on a  slope to  

provide g ra v ity  flow o f l iq u id s  from the m ixture. In  the above system s, 

dry  so lid s  could be sa tu ra ted  with l iq u id  w astes and any excess drawn 

o f f  and recycled  to  the  compost. At the end of the th i rd  day, the com­

p o st w ill no longer d ra in  by g ra v ity  and lo s s  o f microbes and n u tr ie n ts  

to  the surrounding a rea  w ill  be n e g lig ib le .

The re a c to r  should be In su la ted  s u f f ic ie n t ly  so th a t  h e a t lo s s  

i s  minimized. Air du c ts  are  req u ired  to  provide s u f f ic ie n t  oxygen to  

keep the mixture aerob ic . Too much a i r  may cool the re a c tin g  mass and 

prevent the atta inm ent o f p a s te u riz in g  tem perature. An oxygen probe, 

thermocouples, and six -hour in te rv a l  dehydrogenase (TTG t e s t )  te s t in g  

could provide an index of th e  condition  of the  m ixture w ith in  the 

rea c to r.

When the t e s t s  show th a t  p as te u riz in g  conditions have been met,

the m ixture can be moved to  th e  f ie ld .  The windrow may be b u i l t  d a lly
3

fo r  an extended period  of time to  provide about 1000 yd of m ateria l 

but constructed  in  such a  way th a t  the c ro ss -se c tio n a l a re a  w ill allow 

a e ra tio n ; the i n te r io r  should n o t be perm itted  to  go anaerobic (Webiey, 

1947). Sealing of the p i le  w ith a topping o f one fo o t of f in ish ed  com­

p ost i s  needed in  o rder to  develop high tem perature and to  r e ta in  

m oisture in  the I n te r io r  where the composting i s  occurring . When 

te s t in g  shows th a t  tem perature and oxygen le v e ls  are low in  the i n t e r l o f , 

re s u l t in g  from a gradual tem perature d e c lin e , tu rn ing  i s  req u ired  to
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allow the d ry  ou tside  la y e rs  to  he recycled . Many dev ices e x is t  fo r  

tu rn in g  such as a fro n t-en d  lo ad e r, plow, and road  grader (Kupchick, 

1966). Considerable space i s  necessary  fo r  ease in  managing la rg e  

sca le  windrows. Two tu rn in g s  o f compost a t  monthly in te rv a ls  follow ed 

by a  th ree month m aturation period  provides a  composted product of 

e x c e lle n t physica l consistency  with a manageable C/lf r a t io  which may 

be used as  a p la n t growth media* pH and n u tr ie n t  requirem ents can e a s i ly  

be met.

As in  the re a c to r  phase, windrows should be m onitored, using  

such equipment as thermocouples, an oxygen probe, and the dehydrogenase 

(TTC) t e s t .  When the  mature compost i s  3 “ 6 months o ld , t e s t  p la n ts  

a lso  provide a u se fu l index of N s ta tu s  w ith in  a few days growth (Jann, 

Howard, and S a lle , I 96O; K eller, 1961).

Although a l l  the methods av a ila b le  to  ch a rac te rize  the f in ish e d  

compost were not used in  th is  p ro je c t ,  the fo llow ing exam inations are  

suggested to  provide means of comparing composts, p ea t m ixes, and o ther 

o rg an ic -rich  s o il  media.

1. W ater-holding cap acity

2. Adsorption/Exchange capacity  -  anions & c a tio n s

3 . Ih y s ic a l consistency (pore volume, te x tu re , s tru c tu re )

4-. C/N r a t io

A fter 90 days o f composting, m icrobial populations o f b a c te r ia , 

actinom ycetes, and fung i are s ig n if ic a n tly  reduced in  the bark-sewage 

m ixture (Figure 6 ). During the composting p rocess , a  marked change 

occurs in  the type and number o f organisms p re sen t. In the i n i t i a l  

s tag e s , th e  abundance of energy r ic h  organic m a te ria l causes a dram atic 

increase in  b a c te r ia l  population. Changes in  population  le v e ls  of
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ac tlnoaycetes  and fung i wer® ten  to  tw@aiy~f©l& during  composting* b a t 

remained much lower than b a c te r ia l  population  le v e ls .  P a s te u risa tio n  

tem peratures were achieved dozing th e  e a r ly  stagesvOf- the  composting 

process below one fo o t a f t e r  which t in e  tem peratore le v e ls  f a i le d  to  

reads tem peratures beyond 5 ^ 0 .  M icrobial le v e ls  d eclined  s te a d ily  

during  the  composting and no evidence o f  p la n t  pathogenic organisms 

appeared when the  composted bark-sewage m ixture was used in  p la n t 

s tu d ie s , tihen compost was purposely seeded w ith the  in d ic a to r  organisms 

E scherich ia  c d i .  Salm onella h®ldleberg6 and Candida albicans* non® o f 

these organisms were ev id en t in  th e  compost 36 hours a f te r  exposure t@ 

composting tem peratures (Table 9 ) . Pathogens near the surface  of the 

windrow w ill  p e r s i s t  u n le ss  a  covering o f p rev iously  p as teu rised  com­

p o s ts  i s  used to hold heat and m oisture w ith in  a  k i l l  son® at depths 

beneath one foot. Windrow tu rn in g s  a f t e r  the f i r s t  h ea tin g  should 

then assure pathogen d e s tru c tio n  (Wiley* 19&2§ Lenhazd* 1963).

U til is in g  Bark-Sewag© Compost

Hie ca tio n  and anion exchange c a p a c itie s  o f  bark-sewage compost 

lie in term ed ia te  between th a t  of p e a t m& s o i l .  In t h i s  respect* ad­

so rp tio n  capabilities f o r  nutrients a re  hS #iiy  favorab le  if t h i s  m ater­

i a l  were to  be used a s  a  p la n t  growth medium. Water re te n t io n  charac­

t e r i s t i c s  are likewise favorable f o r  this product.
The C /l ratio o f  fresh bark was between 200 -35®. I while w ell 

composted mature compost reached an acceptably  lew le v e l o f  about 25/ i*

A .d is t in c t  need f o r  supplemental n itro g en  exists i f  the f in ish e d  product 
is used to  support p la n t growth. This X requirement can s a t i s f a c to r i ly  

be met for a six week period by addition of 2.2b lbs K/yd^ to mature 
compost. Because some sources of n itro g en  .a lso  .increase a c id i ty  the
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c h o ice ,o f N-seurce i s  im portan t. Calcium o r magnesium n i t r a t e ,  sodium 

n i t r a t e ,  potassium  n i t r a t e ,  cyansmid, and n a tu ra l sources o f  n itro g e n  

such a s  tankage, guano, f i s h  scrap , o r  d r ie d  sewage sludge re q u ire  l e s s  

lim e f o r  n e u tr a l is a t io n  and a re  p re fe rre d  a s  If-sources. Beyond s ix  

weeks, f u r th e r  n itro g en  must he adm inistered  o r  a  h igher level of R 
supplied  i n i t i a l l y  u sin g  a  slow re le a s e  N source. Has needs o f  P sad 

K a re  n o t a s  g re a t  as f o r  N and basal r a t e s  of i.12 l b s  KgO and PgO^/yd^ 
Should prove s a t is f a c to ry  w ith  eoapssted bark p roducts, The co n trib u ­

tio n  o f n u tr ie n ts  from the  sewage which was i n i t i a l l y  aided to  th e  bark 

must be considered In s ig n if ic a n t  based on the  r e s u l t s  o f  t h i s  study.

tthen bark o r sawdust i s  used a s  the absorbent medium in  com­

p o s tin g , the  f in a l  pH a f t e r  a  years m aturation  rem ains d i s t in c t ly  ac id .

I t  would be a fundamental e r ro r  to  c o r re c t  this low pH p r io r  to  o r 

during  composting by a d d itio n  o f lim e , b a t  i t  would a lso  be a  m istake 

n o t to  mix heavy a p p lic a tio n s  o f lim e long befo re  a crop was p lan ted . 

Magnesium-rich lim esto n e , f in e ly  ground and mixed with o rganic r ic h  

s o i l  r e a c ts  slow ly so .th a t crops re q u ir in g  n e u tra l pH may su ffe r  -in bark- 

com post-soil m ixtures u n le ss  lim ed heavily. The 'carboxyls, phenols, 
and other alcoholic hydroxyls which cause the low pH of organic level 
s o i l s  p e rs is te d  a f t e r  long composting in  bark  compost (T isda le  and 

Nelson, 1966). Organic a c id s  produced by m icrobial activity may have 
s o lu b ilis e d  the  low calcium  and magnesium sources in  th e  s o i l  and has­

ten  t h e i r  removal by le ach in g  (Bodrova and Omolina, 1968). Liming of 
the com post-soil m ixture w il l  a lso  assu re  that the molybdenum which is 
l e s s  av a ila b le  in  ac id  s o i l  w ill  rem ain a v a ilab le  and th a t  manganese 

which could reach  toxicity levels w ill  remain depressed. One o f th e  

e a s ie s t  methods of in c re a s in g  n itro g en  in  th i s  com post-soil m ixture
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would os to  encourage growth of a  leguminous crop. U nfortunately  

legumes re q u ire  s o i l  w ith  high pH; i t  may he necessary  to  grow hack* 

wheat o r annual rye  g ra ss  upon a  lim ed compost s o i l  to  allow  tim e fo r  

pH adjustm ent p r io r  to  growing a  legume crop (King and M orrise 1973)* 

Composted hark p roducts appear e n t i r e ly  s a tis fa c to ry  fo r  use as 

replacem ent media f o r  p ea t m ixtures now a v a ilab le  commercially fo r  

greenhouse operations. Consistency o f  m a te ria l and s tan d a rd isa tio n  o f 

q u a l i ty  co n tro l o f  f in ish e d  product re p re se n t s ig n if ic a n t  h u t manage­

ab le  needs. N itrogen ad d itio n  and pH adjustm ent are  major requirem ents 

f o r  the  compost to  serve a s  a  p la n t growth medium.
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Appendix Table 1. T ransien t Fungi and y eas ts  which ex is ted  w ith in  the 
compost. Species marked V  a s te r is k  were id e n tif ie d  to  genus bu t in su f­
f i c i e n t  d a ta  was obtained  to  determine spec ies. Species enclosed in  
paren theses resemble very  c lo se ly  the s t r a in  described  by o th e rs  in  the 
l i t e r a tu r e  so th a t  the taxonomy was brought to  sp ec ies  le v e l .

Rhizopus n ig ric a n s  

Rhizoctonia sp .*

Geotrichum candidum 

Mucor p u s il lu s  

F en ic illium  d ig ita tum  

Mucor racemosus 

T orulopsls sp .*

A sperg illu s  f lav u s  

A bsldia (ramosa)

Saccharomyces sp .*

P u llu lo r ia  sp. *

Pythium s p ,*

Hanlsenula sp .*

Trichoderma koningi 

Talaromyces (F en ic illium ) duponti 

Stysanus s tem o n itis  

GLiobotrys (a lb o v ir id is )

Humicola g rise u s  var. thermoideus

Absidia o rch id ls  

Rhizopus a rrh izu s  

Candida (p a ra p s ilo s is )  

dadosporium  herbarum 

Rhodotorula ru b ra  

A sperg illus tam arii 

Zygorhynchus v u ille m in ii 

Trichosporon cutaneum 

V ertic illiu ro  sp .*  

Syncephalastrum sp .*  

P ich ia  s p .* 

Cylindrocarpon sp .*  

Chaetomium ( therm ophile) 

Lipomyces s p .* 

Sporotrlchium thermophlle 

Fasarium monlliforme 

Humicola Inso lens
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Appendix Table 2. Organisms c o n s is te n tly  p re se n t in  the compost during 
the  composting process. Species marked by a s te r is k  were id e n t i f ie d  to  
genus but in s u f f ic ie n t  d a ta  was obtained to  determ ine sp ec ies . Species 
enclosed in  paren theses resemble very  c lo se ly  the  s t r a in  described  by 
o th ers  in  the l i t e r a tu r e  so th a t  the taxonomy was brought to  species 
le v e l .

INDIGENOUS FUNGI

A sperg illus fum igatus Fusidium sp .*

A. te rreu s F en ic illium  citrinum

A. amstelodami P. ochrochloron

A. repens P. 5 species*

A. n idulans Humicola (lanuginosa)

A. candidus Ihermomyces lanuginosus

A. v e rs ic o lo r Hormodendron v ir id e

A. spinulosus H. re s in a e

A. p ro life ra n s Cladosporium lignicolum

Scopulariopsis murina CEL. (her bar urn)

Oospora v a ria b le s Memnoriella sp. *

Cylindrophora sp .* A lte rn a ria  ten u is

V ertic illiu m  effusum A. humicola

M onilia humicola A. f a s c ic u la te

M. geophila Mycelia s t e r i l i a

INDIGENOUS YEAST FUNGI

Hhodotorula g lu t in is Debaromyces sp .*

Candida Salm onticensis) SchizoKLastosporon sp .*

C. (q u illie rm o n d l) Torula thermophile

C. (membranefacieus)
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Appendix Table 2. ( c o n t .)

BACTERIA ACTINOMYCETES

Aerobacter (aerogenes)

B ac illu s  megatherium

B. stearotherm ophilus

B, cereus

B. mycoides

Pseudomonad sp .*
(seven is o la te s  one.of.which 
appears to  be P. f lu o re scen s . . 
a lso  member of"Aoidovosrans and 
A lcaligenes group)

ELavobacterium sp.*
(3 i s o la te s } s p e c ie s  unknown)

Microeoccus sp .*

S arcina  sp .*

PROTOZOANS

Qhilomonas (Paramecium)

Cyathomonas ( tru n c a ta )

Lycog a la  epidendrum

Cercomonas (c rass ican d a)

Nocardla b a ras ilien s is  

Biermomonospora v i r id i s  

T. curvata

Micromonospora parva 

Piermoactinomyces v u lg a ris  

A ctinoplanes sp .*  

Ihermopolyspora polyspora 

Streptomyces sp .*  (5 sp ec ies) 

S. v io laceoruber

ALGAE

Hormidium (n ite n s )

Vaucheria (t e r r e s t r i s )

Euglena m u tab ilis

Protococcus v u lg a ris

Dactylococcus fb icandatus)

Chlorococcum humicola

M icrocoleus vaginatus

Porphyridium (cruentum)

Kentrosphaera sp .*

Diatoms (numerous u n id en ti­
f ie d )
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Appendix Table 3* Osmocote Study. Dry weight o f  sudan g ra ss  t is s u e  from e ig h t h a rv e s ts  taken a t  two week 
in te rv a ls  beginning fo u r weeks a f t e r  p lan tin g . Values given are  means o f fo u r  r e p lic a t io n s  in  grams taken 
f o r  each of s ix  n itro g en  trea tm en t le v e ls .  For a  given h a rv e s t, means follow ed by th e  same l e t t e r  are  n o t 
s ig n if ic a n tly  d i f f e r e n t  according to  Duncan's T est a t  the 5% le v e l .

Treatment
lb s  N/yd3 b 6

H arvest Week 

8 10 12 14 16 18

0 .00 .44a , 60a • 42a . 29a . 23a . 88a .13a .07a

0 . 1*+ • 70a 1 . 98b 3.04b 2.74b 2 . 52b 1 . 98b 2 . 10b 1.48b

0.28 i . l 3 b 2.99c 4.52c 3.43c 3 -28c 2 . 98c 2 . 67c 2 . 28c

O.58 i .9 5 c 6 . 52c 7 . 08a 4 .9 ld 4.72d 6.52d 3.12d 2.45c

i.1 2 3.08d i l .9 8 e 7.79© 6 .9  6e 6.51© 11 . 98e 4 .21e 3.63d

2.24 5-87e 17.48f 9.511“ 8 .9 4 f 7 . 89? l? .4 8 f 4 .36e 3.93d

%
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Appendix Table 4. Nitrogen Study. Dry weight o f  sudan g ra ss  t i s s u e  from nine h a rv es t d a te s  taken a t  two 
week in te rv a ls  beginning fo u r weeks a f t e r  p la n tin g . Values are  means o f fo u r r e p l ic a t io n s  in  grains taken 
from each of eleven n itro g en  trea tm en t le v e ls .  For a  given h a rv e s t, means follow ed by the  same l e t t e r  are  
n o t s ig n if ic a n tly  d i f f e r e n t  by Duncan9s  T est a t  th e  5% le v e l.

H arvest Week
Treatment 
lb s  N/yd 4 6 8 10 12

0.00 2 .55a 3.15a 1.80ag 0.85a 0.53a

0.14 2.95b 3.48bi 2 . 03abf-h 1 . 03ab i 0.63abgi

0.28 3.05b 3.63bch 2.00abf-h 0 . 90ab 0.68abgi

0.56 3 . 28c 3>95d-g 2.43c 1 .43cgh 0.93cd

1.12 3.48cd 3.80ce 2.53cd 1.53cdgh 0.93d

2.24 3 .68dei 4 . lOdf 2 .68cd 1 . 63de 1.13c-e

3.36 4.23g 4.35g 3-23e l-9 5 f 1 . l8d~f

4.48 3*98fh 3*95e-h 3.23e 1 .75d-f 1 .I8d“f

6.72 4.05fg 3.83ceh 2.00afg 1 .3 3 ^ 0 „63agi

8 .9 6 3.80ehi 3 . 53bhi 1 .75s 1 . 28h 0 .65abg-i

13.44 3.58di 3-351 1.85agh 0 .93abi 0 . 63a i

H arvest 14 through 20 were uniform ly low and were n o t s ig n if ic a n t ly  d i f f e r e n t  between trea tm en ts .
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Appendix Table 5» Potassium Study. Dry w eight o f sudan g ra ss  t is s u e  from nine h a rv e s t d a te s  taken a t  two 
week in te rv a ls  beginning fo u r weeks a f te r  p lan tin g . Values are means of fo u r r e p l ic a t io n s  In  grams taken 
fo r  each o f eleven potassium  treatm en t le v e ls .  For a  given h a rv e s t, means follow ed by the  same l e t t e r  are  
no t s ig n if ic a n t ly  d i f f e r e n t  by Duncan's Test a t  the 5$ le v e l .

H arvest Week
Treatment _ 
lb s  K^O/yd

4 6 8 10 12 14 16 18
0.00 6 , 35af 4 .20ae-h 3?35ag 2 . 78a 2.43agh 1 . 98a 1 . 38ah 1.13a

0 . 1*1. 6.93be 4.43abe-g 3.50ab 3 . 08ab 2 . 78abfg 2.45bc 1.43abh 0 . 68bdgi

0.28 7.45c 4 .53bc 3 . 65e f 3 .55cef 3 . 13bcf 2 . 68b 2 . 00cf 0 . 53bcfh i

0 .56 7 . 60cd 4.63cd 4.43c 4 .25d 3-78d 2 . 85c 2 . 05cdf 0.80ceg

1.12 7 .68cd 4.98d 4.65c 4.28d 3.75de 3 . l 8d 2.43de 0 . 95ae

2.24 6 . 58abef 4.55cd 4.05d 3 .63cef 3.40ce 3.05cd 2 . 28c-e 1 . 05ae

3.36 6 . 55aef 4.15e-h 3-65bef 3« 30bef 2 . 70afg 2.35e 1 . 78abfg 0 . 65b fg ij

4. *18 6 . l 8f 4 .08f-h 3-53abe 3.25bf 2.33gh 1 .58f 1 . 58abgh 0 . 93adeg

6.72 5 .? 0gh 3*95gh 3.15fg 2 . 28g 2 . 08h 1.15gh 1.18hi 0 . 65b f j

8 .9 6 5-58gh 3-93h 2.73h 1.95g 1.251 1.05g 0.901j 0 .7 5 d g ij

13.44 5-38h 3.30J 2 .4 3 i 1.5.5h 0.553 1 . 13gh 0.533 0 .8 0 d efj

H arvest 20 showed only s l ig h t  d iffe ren ce  in  dry  w eight between check and h ig h e s t trea tm en t le v e l .
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Appendix Table 6. Thosphate Study. Dry weight of sudan g ra ss  t is s u e  from e ig h t h a rv e s ts  taken a t  two week 
in te rv a ls  beginning fo u r weeks a f t e r  p lan tin g . Values are  means of fo u r r e p l ic a t io n s  in  grams taken fo r  
each of eleven le v e ls  of rock phosphate. For a  given h a rv e s t, means follow ed by the same l e t t e r  are  n o t 
s ig n if ic a n tly  d i f f e r e n t  by Duncan's Test a t  the 5% le v e l .

Treatment _
lb s  P20 k 6 8

H arvest Week 

10 12 14 16 18 20

0.00 3.80a 4 . 05a 3.30a 2.40a 1.43abj 1 .3 5 ag -j 0 . 83a 0 .7 0 a i 0 .50ahi

0.14 3»95ab 4.08ab 3.40a 2.45ab 1-35*3 1.68 beef 1.2Cbfh 0 . 90bh 0.80bg

0.28 4 .15bc 4 .38c-h 3 . 85bhi 2.58a-cg 1 58a-cg-j 1 .68cf 1 . 50c 1 . 28cf l.OOcf

0.56 4 .17b-dhj 4 .50c-eg 3» 95ceg 2 . 90deh 1.85d-*f 1.80b-e 1.78de 1.60de i.3 5 d

1.12 4 .40deg ij 4 .?8d 4 .38d 2 .7 8 cd f-j 1 . 95a - f 1 .85b-e 1 .60c-e 1 .48c-e 1.35e

2.24 4 .48e-gi 4 .38d~h 3 . 90ceg 2.82d-fh 1.73ce-h 1.68cf 1.60ce 1.38e 1 .15cd

3.36 4 .4 5 e-g i 4 .38e»h 3-85e-g 2 .6 8 c fg ij 1 .73cf-h 1 .45aeg 1 . 30bf-h 1 .13fg 0.95bf

4.48 4 .30cd g -j 4 .30f h i 3 .73bfhi 2.58abg 1 . 50ab g ij 1 .2 3 f- j l . lO f i l.OObg 0.75g

6.72 4.15tti 4.38^1 3.80bf-h  2 .?8 cf~ j 1 .55abg-j l . lS h j l .lO fg i 0.?8ah 0 .48hi

8 .9 6 4 .25cdh-j 4 .28hi 3.65hi 2 .60a-cg i 1 .4 5 ab ij 1 .20h-j 1 .20f-h 0.5013 0.3813

13.44 4 .l8 b c h j 4 .15ab i 3.601 2.60a-cg3 1.353 1.033 0 . 90a i 0.433 0.233

©
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Appendix Table ?. N itrogen Study. Tissue co n cen tra tio n s  o f f iv e  elem ents from se le c te d  h a rv e s ts . Values 
are  the  mean of fo u r  r e p l ic a t io n s  in  percentage taken from s ix  su lfu r-co a ted  urea  trea tm en ts  ap p lied  to  
compost p r io r  to  p la n tin g . For a  given h a rv e s t, means follow ed by the same l e t t e r  a re  n o t s ig n if ic a n t ly  
d if f e r e n t  by Duncan’s  Test a t  the 5% le v e l .

Treatment 
lb s  N/yd3

N itrogen % Ihosphorous % Potassium % 
H arvest Week

Calcium % Magnesium %

4 5 6 6 16 6 16 6 16 6 16

0 .00 1 . 85a 1.45a 1 . 30a . 36a • 30a 2 . 67a 2 . l€ a . 69a-c • 79ab • 17a . 20a

0 .28 1 . 90ab 1 . 58a 1.59a • 34a .40 be 2 .? 2ab 2,74b . 68>>»e .77b . l 6a • 30b

1.12 2.33ab 2 . 28b 2 . 18b • 35a .46bde 2 . 88a-c 3.44cd • 79l>c • 79bc . 22b • 38c

3-36 3 . 10c 3.19c 2 . 69c • 31a • 38c 3.13cd 3.29cd • 50cte . 71d • 22c • 39c

6.72 3 . 86d 3.64d 3 . 22d . 29a . 4-3b~e 3 . 17c-e 3.11bde .49cie . 82 ab . 27d .45d

13-44 h .09d 4.22e 4.00e .28b .41 bee 3-13ce 2 .7 5be .44e 1.07a-c . 26d .49d

8
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Appendix Table 8 . Potassium Study. Tissue le v e l  analyses of eleven se le c te d  elem ents from h a rv e s ts  6 and 
14. Values are  means of fo u r re p l ic a t io n s  taken from s ix  trea tm en ts  app lied  to  compost p r io r  to  p la n tin g . 
For a  given h a rv e s t, means follow ed by the same l e t t e r  a re  n o t s ig n if ic a n t ly  d if f e r e n t  by Duncan's T est a t  
the 5% le v e l.

Treatment „ 
lb s  KgO/yd

Potassium % Phosphorus % Calcium 
H arvest Week

fo Magnesium %

5 14 6 14 14 6 14

0.00 2 . 76a 1 . 86a . 38a - f •33a-f . ?2a - f 1 . 19a - f • 43a .67  a

0.28 2 . ? 7ab 2.27b .44a-d . 36a-d .6 4 a-f 1 . 07a»f . 39a-d • 55b

1.12 3.05a»c 2 . 63c-e .4la**df .40ce . 63a - f . 90a-f •36b-d •58abd

3-36 3 . I 8a-d 2 . 59bd-f . 38a - f • 30d . 62a - f 1 . 34a~e •35b-d • 51b i

6.72 3.49cd 2 .79cd-f . 30ad~f • 38ce . 68a - f . 79a~f .23® ,42de

13.44 4 . 6?cd 2.75cd~f . 32acd -f . 34a-f .7 5 a -f . 70a~cef • 28e • 3?e

SO
X
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Appendix Table 9* Riosphorus Study. U ssu e  le v e l analyses o f seven se le c ted  elem ents, h a rv e s t week 6 and 
12. Values are  means o f fo u r re p l ic a t io n s  taken from s ix  treatm en ts app lied  to  compost p r io r  to  p lan tin g . 
For a  given h a rv e s t, means follow ed "by the same l e t t e r  are  n o t s ig n if ic a n t ly  d i f f e r e n t  by Duncan's T est a t  
the 5% le v e l.

Treatment « 
lbs PgO^/yd

Phosphorus % Potassium fa Calcium f> Magnesium %
Harvest Week

6 12 6 12 Z 12 12

0.00 .403a-d .323a-e 3.04ade 2.37a-e .593a-c ,883ab ,4l0a-c .520acd

0,28 .385bc .288b-d 3.14a-ce 1.94h-d •550bc .863b •388acd .4l8abe

1.12 .385c .283cd 3.04c-e 1.80c • 528c • 985ac**e .398a»c • 370b

3-36 • 395W . 280d 3.I4a-ce 1.85cd . 588W 1,035°“® .3830-0 .430a-ce

6.72 .420a-e •360ae 2.57d 2.4?a-e .665ade •938abde . 31'8de .433a-e

13.44 .448a-e •3l8c-e 2.94de 2.10b-e .703ade .910abe • 313© . 39Obe

8
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Physics Award, 1952
Sigma Cum Laude, 1952
Phi Sigma, 1972
NSF Faculty  Fellow ship, 1970

P o s itio n s  Heidi

Mining Engineer, Eagle Mine, New Jersey  Zinc 
Co., Gilman, Colorado 

In s tru c to rsh ip s i
Suffolk County Community College, Selden, 

New York
Canaan College, Canaan, New Hampshire 
F ranklin  P ierce College, Rindge, New 

Hampshire 
New England C ollege, Henniker, New 

Hampshire
N athaniel Hawthorne College, Antrim, New 

Hampshire
New Hampshire V ocational-Technical College 

a t  B e rlin , B e r lin , New Hampshire

Raymond Henry Walke

August 8 , 1933

Salem, M assachusetts

C la ss ica l High School, S p rin g fie ld , 
M assachusetts 

Wilbraham Academy, Wilfcraham, 
M assachusetts

1952-1960 B.S.
1958-1959
1962-1967 M.A.
1961-1962
I 962- I 963
I 969- I 970
1967-

1960 -I96I

1961-1962 
1963-1965

1967-1968

1969-1970

1967-1970

197**-
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