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INTRODUCTI

Antidating written human hzaw m &tPg nt uum., ol
chalk, marl, wood sshes and other) lﬂhlmbiﬁ WO ’M"- ﬁ

sfter application. Lum, the nu‘ ﬁuﬁ
chemist, gave prominence to the M ’bﬂs" mﬂ

to the recent development in Geruw‘_'_ '_."fhgt'gtl
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cossed manure ls "E
Diffieult of translat
Hanure Preparstion” r
cess iz covered by

able which hastened m
The ineressed crop was 2,78 times th
ordinary bsrnyerd wenure, (15) M



teria and veed seeds containad were mu-a. (m

! 7Rl e

STUDIES ON EOT PAOCESSING nx VARIWMX“WQW i

The interest aroused hy the um‘» .g ;mu w‘u,
engaged in the hot prmosuu ef menures led wkmmm mu. :

LR

32 rer cent., Loss of lizracm vu l..‘x.lo :

¥ nl“ Nl v v alfe
cations esleulated % bc of uu wﬁi coped

lss disease 1n patato Rills ﬁm- plots munured sith
Tue total ylelds for & tn reu Mol **P-il .

i i g
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tien from Loehnis (1«)(17) mmm Cg?(u) m &mu D
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snzymes to act upon the other dead baeterial nell,r tlms ;endmm-

ing their nitrogen compsunds more aeLubrp Goatou' :
towed grestly reduced nusmbers of bactmr*ﬂa ﬂ Wb Mlm tn.b
ln ratures, Correctly handled Edelmist wu poot u "iotntivo
sacterial forms. The number of spores i‘m tn Iaelmiu were
nigh ns compared with ordinary laanur. mwat of “tmq \nin
dezd., Urea bacteria were reduced In mn%cu bhﬁ ‘sone mm W" -
sisted and helped in the completion of the p;p»n. u.uwm Tt
consumers became practically extiamet but tm :l‘w iq Wﬂ
menure. The high bacterial content ot bamw menure was »ﬂ!
to sceount for heavy losses in dry w&i;ht QH Mﬁ miﬂmﬁ“ /
during storage. Stored 'ﬁﬂ‘luist' Qw ntmm il

£

manuare., t )
Scheibe (27) studied p-ruecm-ly mutruu wrwm‘

and carbon dioxide yields of Edelmist in f&d& M ,;ubﬁ mﬁiﬁlﬁm
Nitrate nitrogen wazs found to be h!qhir on &O blﬁ‘“ mw b
with Edeluist than those mnrﬂl d& mﬂ‘! m'. Nrbén
dioxide was released in larger ma m l&' tlém mm
with "Fdelmist," The relationship in the *éﬂaae of &tz‘t‘m was
117 o 2.7 41 pet experimcnts wb!lb in thi !'!Cld tﬁe Nuﬁﬂ-'
shlp depending on the age of the "MeMp‘ﬁ" MU& :m l to :
1.71 for straw menure to 1 to 2,19 4in the case of plat umrc.

Y
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The straw and pect were used as bedding in the stalls, Curboa y
dioxide liberation in poteto plots was m per cent m Bledan i)
mist compared with 28 per cent for mmara Ranures ?rm*nr‘mt

slots the earbon dloxide ubamtion wos 180 per cent in the euef
of Bdelmist uanuri: 8 as compared ﬂth 48 m cm: f’or ‘barnyard
manure. These above rasults are divm 1n cuapn‘lmm m untré&t—- 3

NS

ed plots,.
Glathe (7), notes the ronmng t-mzts in a smdy or tﬁm
losses during storage as eonpa.red with pihd m\u-e. i ﬂoz«u

panure wag used.

ot hnara

ve ws eafue we

sstr“ ﬁamzn

tTotal "NW lg‘tt: - M.."!'%- o
:Dry Weight lost: NS
:Bzr Welght lost: m.. & 1,9.6
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Zxperimentsl study of sethods r?af'ka!nélm manure ander
the climatic comditions of tha_ interjaun‘*xi:i ﬁst Saoaat to have
received little consideration. &ia-r stal.., howeve:r, mmw
found that Russiay knapweed znd mito Wp unds 1@“ i‘:hait v&&-
bility in molst heating giles of ahﬁ.ﬂu ‘manire (m;‘ tho th»«-j
cumstances noted have prmgd the ﬂm hercin rupoi'tﬂ. & ‘

PHEPARATION OF mmns: (lm mm) AND mm
HANURES n 1020-31 i

In December 1930 a platform was ammsﬁd to m care .
of a large one of horse nmrb M be hmlihd a8 amnﬁ’m k:‘ s

as this pile had eonueu mﬁu‘, m. n,, ﬁ 1%‘ ptibnn
sas placed sgalnst "At, Witk N1 wpe nuﬁasc ?mi s

"DR, At this time "AM ﬂwuld have u&m re
89° ¢ and should have been tramped thore )
on the top, the processing mﬂm&u tn tﬂh %
canure 0 be prosessed hed been brought vt‘t'hiwﬂ w hw.
This plan falled as the winter tqlmiww ﬂ ﬁr‘f‘, &
ssmure that heating eould not be star%aa iu m om pnn.

N {
Iy % o i iy

The heaps finally froze solid.

|2

This first plan hsving failed of ‘c'o'ﬂplct!{on.a bin was



Diagram I --Method of Arranging Piles in the Hot
Treatment of Manure.

Showing the arrangement of piles calculated usable
in the hot processing of manure. Beginning with "A",
piles "B", "C" and "D" were to be placed as illustrated.
When "A"™ had reached a temperature of 60° C, "E" would
have been placed on top of "A", after the later pile
had been thoroughly tramped. In this manner any sized
heap could have been made. The units were to be approx-

imately 4' x 4' x 4!,



constructed as shown in Photograph I. On all sides of the man-

ure in the bin was placed about one foot of dry straw for ‘tn-
perature insulation. This was dencvin the middle of January

at sub gero temperaturecs, This pile also failed to dovolapq

an apprecieble hest but did not freeze solid, so was left in.

the bin in an apsarently inactive condition until the mth of
Fobruary whem 1t was noted that the pile commenced to heat.

A second pile was then placed in front of the first pih. The
rapid rise in the temperature of these piles 1s 1i1ust'rntad in
Graph I. At temperatures of 85°-72° € the umm in the pnu'
was tramped thoroughly and mthw plle: m«:& W the top and \
thoroughly tramped whem 1t had tﬂlined “&Bi w«l t'lpmﬁlﬂo Ly
Two sdditional pilal mo mm men ?.M puc m % nu o: A

srse barm, It wss Qldl w Gf Mdin; m ﬁn' ,ﬁuﬂ (MQ
straw) plus wasted f’e«! from ﬁo lnum (nmm"*hm,

+1

s2d vas with one cxamwa from W W hhtnu mrma hlf

ond chorped barley ma the f!‘&l unds. # " {l f ; b ; ‘
Observations during the mtial poried of heasting shond

= loss of smmomin. The odor wes vgr: mt:egaﬁlgg about the heate-
ing pires. A maximum temperature of 72% € was ?uchod. (see

Graph I) The temperature greduslly deereased to 50° € anéd
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Photograph I --Showing the method of building up
a plle of hot processed manure.
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Graph I --Temperature Curves of Heating Manure Piles.

——-——- —Represents the heating of the first pile.

—— — ——Represents the heating of the second pile after
the first pile had been thoroughly tramped.

--------- Is the temperature curve of the pile placed on
top of the second pile after it had been thor-
oughly tramped.

Represents the temperature curve in the cooling
pile.
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remained constant for about @ week sfter wifch it greduully de-
croased to approximdte eir temperature, Mous tmwth %5 noted
at the noints of contaet mﬁth new heaps of mﬁre am u.ong the
sides of the pile where a=ration was not mnmuea. l‘hta grovth,
however, arpeared arrested when the pilu were thotw‘hlr truptd
at high temperature. The volm of t‘ho pﬂ&_) ﬂmn treated was
decrensed approximately one half, ’ | bt

At the end of & six months reriod o: storage ﬁn ;:uu '
were covered with & thin layar of m ltrl!’ ﬁimm Mﬁd.
this covering was observed a miat bonn&ms i?.t ﬂ‘ L r)ark ’
brown color, without the usual mn Mor ﬂl& Mﬁﬂl ﬁi‘ A

had lest its identity excopl tM' d
the decomposition. !‘he tmhratﬁre :
than the temperature of the m ptrs

six random saumples conplmli f.hqm:gh ﬁt pﬁ.ﬂ- m h Dﬁ.l M

Ty
b s

For the pursose of eeaparing the relati}n efftefn qt nﬂn-—
ures on ylelds of wboat, alfal!a &M mﬁr M‘kw 2 uwr!.u Of :
not tests were arrsnged,  The mwNo QM for un;o t&nl nz‘a




W T o o
izl i / ‘

hot processed manure, fresh horse l&pxro ::o- the sme mm

zs that which had beaa ‘hot 3mqued, ﬁiﬁ Storaﬂ unﬁr&at uh

origin from a large comdpacted M atoral ﬂuring thn wintefr au

the College farm, F A A ] VI T i”::r‘ /

Observations on the' m:'“‘kaf ol' thl
lhmu m.

Observations of the uuuuoa hup at W mw ATm
ware made to aseertein the sllﬂnrity a!' %b! MM Kfﬂl Ma

N

inches was similar to the atmq ‘“.:“\v-'ﬂ
pil=gs but propartiomtely tliequ. ﬂt ;

some of the menure appaarm a8 1f WMQ& W rm;a- \uﬁu
The bottom layer was very mnch 1ike & ged : 41
the odor of fresh manure. From a1l of' bum mst holes Liseaiian ol
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Graph II --Temperatures Taken at Different Depths
after a Six Months Period of Storage
in Compactly Stored and Hot Processed
Manure Piles.

—— — —Temperature in a compactly stored manure pile.

Air temperature in July 1931.

—— - — Temperature in a small pile of hot processed
manure.
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samples were taken with the size of sumyles pr\oporM@ned a8

much as possible to tnai“dirtermt tybés of menure p#iamt.‘ v

These samples were mixed and dried for ﬁml’iciﬁ and ‘@t tms.
Monure was, teken at random frou a heap fresh fmu the

horse barns. The auplec vmre 'm'epared &8 werae mn‘mar‘mnnrea

for the tests to be made, ‘ i “ i i
The soil used was tak&n fl‘erl a ﬁe:lai ea the vaﬁlk

Experiment farm which had not :ee;t%‘ nmxwi for w&ual xeara.
The crop previously harvested hed bm hsuh !hﬂ Iﬁu 1! of
the Millville losm series, The top six melus of mi un :

used,

the second portion a wu amount Irom tm nmant yut ma m
farm was sdded, The third portion néﬂ.m & 1like Wm’h of
fresh manure, The last was mn-eatt&., wtc therom nlxini
in the manure, a like amount of water was aucd uq m wrtioq
to bring the soil to an apparent optm milwra mmt.

Each of the pots was them filled wit.h ﬁh. to!.l t‘ tﬁp M 'mi@h&!

to make twelve replicates of each treawnak-



i3e-

Wheat and alfalfa were phntod Ln 134 ei’ the pota and sugar

beets in the remainder. 'me pots urt placed in 2 cold fraze
in rows representative of oaeh treatne!}t,, In the mta plmed
to wheat snd alfalfa, 15 kernels of wheat 'nre sown per pot and
a pineh of alfalfas seed. The beet pots rmived twelve seed
valls per pot. Later the wheat was thimd to ten almu pcr
pot, the alfalfa untouched and the beets to six and later ﬂ :
two plants per pots The soil was minmnﬂ in e miﬂ ooldﬂien
by sprinkling twice per day.

Results of 1051 Pot Tests |

&

Due to insect sttacks and utm- h ’ﬂh ‘ ! e

to harvest the wheat plants me HWS”# %"@f‘/‘ oo S
days after plenting. The results’ m abi Wﬁl‘ﬂ‘ﬂ’lo X m 2
alfalfa plants remaining in the wheat Mﬁ mm& t ned, o
The number of plants per pot and the wta; n&hﬂ 'ﬁ'el ‘the rm-
dom sowing 1s tebulated in ﬂi!. I, Nﬂ. Wﬂ “fﬂ»' &m
nitrogen by a modified phmlﬂmtphoullv m& m ﬂ?ﬂ) M (
water soluble phosphorous s dm:-nlm W thl Jor :" eo-Hc
bdate method is given in 'Iuibh p 4 ﬁc"fﬁtk niﬂ'etﬁv W.M
phorous content of similsr munures is tdm;w in !I’blc V.

dnalysis for potassium was considered mmuv in thm oz~ - »
periments as results with pawuuu rqitﬂiutm on the mill A
in question have alvays been negative, m rps&ltt from the

serles of plots in which beets ware ]rm a:x-o givsa 1!&#3’.“121‘ : :
nitrate nitrogen and soluble phosphorous h MIQ II.




Table I -The Availsblo Phosphorous and Nitrogen and the Yield Deta
t and m:w. from Pot Tests in 1931.%







RSt X

The data from the pots cogtatning‘vheat and alrnira‘ ucnod
to indicate a superior grovth in the case of tﬁe oa»tl m;nu‘nd
with the hot processed manure end the manure stored ﬂmyabthr.
The use of Fishers! z (8) showed thase results to be bimnnnt‘ d
The sugar beet pots showed no diffnwu in :s.om M to trntv- i
ment but the availability of phasphéw was uwimm m-

ferent in the manured and ummmnd soil. -"_ S8 LR ‘

‘f T

POT TEETS IN 1938 USING THE SOLG PREPARED FOB

8ix of the plants “?e hmditbﬁ “ MB d‘ﬁf int: AR PRt
The yleld data are given in Iabh Ilh m lm m awuh %
one half of the former 90 day groﬂh. Nﬁ rmmw two plmﬁ
were grown to meturity, the data being given in m !ns 4

4




Table III -~The Available Phospho and Nltrogen ond the Yleld Dats
on %heat from Pot Tests Haurvested In 1933.% N




2

Analysis of the soil for nitrate nitrogen from the imto showed =

as much veriation wﬂ.tmn trununts a8 bot“ma diftaran‘h m"e- .

zents so the results ere not signmmnﬁ, In the usﬁ of m f i
alysis for soluble phosphorus by the M‘nction tethsd &‘ Mhl-
berg and Brown a higher gsoluble nhoaphornut rhtd.ng wa g ahnﬂd
in the manured soils with npmmt auniriuas mtamms as

is seen by a study of Table ITI. In no case 'lm m dulf!crma
in yield sigpificents |

FIELD TESTS WITH HOT ?MCE&SED“ mnx CWM
70 ez-m umm

To ecompare the c!het af io

In order to 3rqp§?e’ the h@
constructed sz in the first mtm‘ ] leu
in the open bin, to get tie nwurd‘%b hm‘ tﬂtﬁtﬁﬁoﬂi" n;h
though the experiment was begun earlier ln ﬂhp nu. After v "__

attempting for two weelks to get a pile }tnﬂhﬂ tc heat by lMli‘

v
51




~15-
water to meke up for losses by evaporation, the pile :vas;r‘o-o"é
from the bin. This bin was then built up into @ roofed shed in-
sulsted with eighteen‘ inches of sheep m.n_uré an!iatri‘l‘ Arcw
the two ineh planks, from v?hieh material the shed v@o”’emtﬂct‘-&-v“
cd. The plan of the structure is illastrated in Diagras T
I A. In this new bin insulated on four sides and with m Mton
six Teet from the roof, 700 pounds of well mixed msnure wﬁh
sture content of 76 per cent were lwsalr pued and mared

-

©w

w

ith planks. Later 350 pounds of mamure were a&&d to this pﬂu. el

before 1t commenced %o heat, The tmmrmaarc m et WM ud_
tvo additional plles treated in this bin :tn Shm M Graph III.
In Graph IV the temperature curve in cooling m um plled
‘eep is given, When the first bile hed mem a teaperature
of 57.5° G, after being u the bin. rqw ten qw:, u na,wm
and 750 pounds more of loosely pfled ‘mm )J;nutl jon Mk m
2tle resched = temperature of 80°C in five days m\zm s
thoroughly tramped. m. thhd pno of w phm . m @
the second, =8 in the ﬂm instance, 'm:hqn m pm,ﬁf e
and reached a tonporlmre of 5‘7.5‘ C. The :tr tmm’qh
ing these treatments wis wb seu. mq y&;rn -m'e ,ptynmm

vith lath markers. Wi D S R :
While vorking with these hea‘&m p:u.'t Olam Mher :ﬂ:ﬁ &
were arranged zg followss Bix pﬂ&s were Mli h h&je h.lm 4
fron the mspure 3¢ 1t came from the barm, two ware aeoumgtly
tremped in the opem, and three compsctly trmﬂ in 1
venized iron cans which were placed mstde tM l‘ﬂgn es* a hr(o

manure pile and protected from the ‘veamr. Ihc eminl =nd

)




Diagrams Showing Construction of Insulated Bin for Hot
Treatment of Manure.

Insulation

Diagram II
Scale--3" = 1' Front View. Depth 5 ft.

e

e Plank Covering el

Insulation

Bin for Manure

Insulation

Diagram II A

Scale--%" = 1! Side View. Front of Bin Movable.
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Graph III --Second Set of Temperature Curves of Heating
Manure Piles.

— - — - —Represents the heating of the first pile, which
started heating on the 4th day.

-~ - --—-- Represents the heating of the manure placed on
the first pile.

Represents the heating of the manure placed on
the second pile.
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Graph IV --Curve Showing Cooling of Previously
Heated Manure.
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Table IV --Dry Weight Losses of Horse Manure During storzge.

v . ¢ 2 T H e T
Tyoe of : Date : YJD?ht 1 Dats - w?{yht ¢ Loss 1Per cent 3 iversge
Pile i Piled Dbt | ¢ Opemed 3 ; "8y 7 t in 1bs.: Loss % Loss
Loosely : 3 :
Piled ' : : A ' : ;
p P 8/18/51 3 857, s 4/8/82 ~3 2807 3 £25Q. 3 29. 3 3
2. 2 9/10/31 s+ 883, s 4 9/22 3 R | 103, ; 5 = 28.
e 1 [ 2 24, : 4 1/52 3. ZE0. 3 194, 3 26, 3 /
o | & o i : 2 : H :
w4, 1;1/4/31 s 128, g Af11/82 ¢ 1EB. s % : Sy
; *3: T 11/4/31 1350, . 4/11/%2 3 147: 1 e : v ¥ “
~ fé-lp!ct #8 ., 11/&)‘51 ] 1“¢ H 4/11/82 ' AF 1“. : 2 2. 3 e E
; el 3
wopties, To ki e e e X :

: oy g;gg;m 1 980, :/wzg 5 812, FoML ; 17,
> Se g 1 420, g 4/12/B2 . . N e
e iz ? g = £ : - = e

- 11/4/31 = - 10 : 4/12/5s ¢ 66, 4, 2. s S
o wag, o AI/A/B% L oMby oy MASME oY By 80y lg oy plis
S WG 4 ll/&}al -3 B4 T "13};2 Py - el 1le g .o X8 ¢ o
& grocenud i : 4 Sl N =
e H [ - 3 3 H -
m:,, T /51 g B8 f L5/Z2 : 171, ‘102. : 7. : JeSeis
‘*‘29 3 1 3 840, 5 4 8/s2 g 120, .- 180, ; 80, . ) 48,
B ﬂﬂ/&l 3 m. 3/32 § 2 120. e 116, T 48, )

* Mu 1eeso gﬂ.u were uﬁﬁ and
muu of temperature and humidi

- iy Q* These compact nnu (nonputad in Qontaincra) ripened #ith
: umiﬂa Lcnaa.

arontly rmimd metivc

*"9‘ m '}}ot pn‘gan_u;! gglgg ihoyf;.aug :1&3»3 in seigm,







Photograph II --A large pile of hot processed manure prepared in the
open during the mild winter of 1933-34. Note the
dark color of the decomposed manure immediately under
the surface of the pile.
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snzymes to act upon the other dead baeterial nell,r tlms ;endmm-

ing their nitrogen compsunds more aeLubrp Goatou' :
towed grestly reduced nusmbers of bactmr*ﬂa ﬂ Wb Mlm tn.b
ln ratures, Correctly handled Edelmist wu poot u "iotntivo
sacterial forms. The number of spores i‘m tn Iaelmiu were
nigh ns compared with ordinary laanur. mwat of “tmq \nin
dezd., Urea bacteria were reduced In mn%cu bhﬁ ‘sone mm W" -
sisted and helped in the completion of the p;p»n. u.uwm Tt
consumers became practically extiamet but tm :l‘w iq Wﬂ
menure. The high bacterial content ot bamw menure was »ﬂ!
to sceount for heavy losses in dry w&i;ht QH Mﬁ miﬂmﬁ“ /
during storage. Stored 'ﬁﬂ‘luist' Qw ntmm il
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manuare., t )
Scheibe (27) studied p-ruecm-ly mutruu wrwm‘

and carbon dioxide yields of Edelmist in f&d& M ,;ubﬁ mﬁiﬁlﬁm
Nitrate nitrogen wazs found to be h!qhir on &O blﬁ‘“ mw b
with Edeluist than those mnrﬂl d& mﬂ‘! m'. Nrbén
dioxide was released in larger ma m l&' tlém mm
with "Fdelmist," The relationship in the *éﬂaae of &tz‘t‘m was
117 o 2.7 41 pet experimcnts wb!lb in thi !'!Cld tﬁe Nuﬁﬂ-'
shlp depending on the age of the "MeMp‘ﬁ" MU& :m l to :
1.71 for straw menure to 1 to 2,19 4in the case of plat umrc.

Y
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The straw and pect were used as bedding in the stalls, Curboa y
dioxide liberation in poteto plots was m per cent m Bledan i)
mist compared with 28 per cent for mmara Ranures ?rm*nr‘mt

slots the earbon dloxide ubamtion wos 180 per cent in the euef
of Bdelmist uanuri: 8 as compared ﬂth 48 m cm: f’or ‘barnyard
manure. These above rasults are divm 1n cuapn‘lmm m untré&t—- 3

NS

ed plots,.
Glathe (7), notes the ronmng t-mzts in a smdy or tﬁm
losses during storage as eonpa.red with pihd m\u-e. i ﬂoz«u

panure wag used.

ot hnara

ve ws eafue we

sstr“ ﬁamzn

tTotal "NW lg‘tt: - M.."!'%- o
:Dry Weight lost: NS
:Bzr Welght lost: m.. & 1,9.6

.
i




Zxperimentsl study of sethods r?af'ka!nélm manure ander
the climatic comditions of tha_ interjaun‘*xi:i ﬁst Saoaat to have
received little consideration. &ia-r stal.., howeve:r, mmw
found that Russiay knapweed znd mito Wp unds 1@“ i‘:hait v&&-
bility in molst heating giles of ahﬁ.ﬂu ‘manire (m;‘ tho th»«-j
cumstances noted have prmgd the ﬂm hercin rupoi'tﬂ. & ‘

PHEPARATION OF mmns: (lm mm) AND mm
HANURES n 1020-31 i

In December 1930 a platform was ammsﬁd to m care .
of a large one of horse nmrb M be hmlihd a8 amnﬁ’m k:‘ s

as this pile had eonueu mﬁu‘, m. n,, ﬁ 1%‘ ptibnn
sas placed sgalnst "At, Witk N1 wpe nuﬁasc ?mi s

"DR, At this time "AM ﬂwuld have u&m re
89° ¢ and should have been tramped thore )
on the top, the processing mﬂm&u tn tﬂh %
canure 0 be prosessed hed been brought vt‘t'hiwﬂ w hw.
This plan falled as the winter tqlmiww ﬂ ﬁr‘f‘, &
ssmure that heating eould not be star%aa iu m om pnn.

N {
Iy % o i iy

The heaps finally froze solid.

|2

This first plan hsving failed of ‘c'o'ﬂplct!{on.a bin was



Diagram I --Method of Arranging Piles in the Hot
Treatment of Manure.

Showing the arrangement of piles calculated usable
in the hot processing of manure. Beginning with "A",
piles "B", "C" and "D" were to be placed as illustrated.
When "A"™ had reached a temperature of 60° C, "E" would
have been placed on top of "A", after the later pile
had been thoroughly tramped. In this manner any sized
heap could have been made. The units were to be approx-

imately 4' x 4' x 4!,



constructed as shown in Photograph I. On all sides of the man-

ure in the bin was placed about one foot of dry straw for ‘tn-
perature insulation. This was dencvin the middle of January

at sub gero temperaturecs, This pile also failed to dovolapq

an apprecieble hest but did not freeze solid, so was left in.

the bin in an apsarently inactive condition until the mth of
Fobruary whem 1t was noted that the pile commenced to heat.

A second pile was then placed in front of the first pih. The
rapid rise in the temperature of these piles 1s 1i1ust'rntad in
Graph I. At temperatures of 85°-72° € the umm in the pnu'
was tramped thoroughly and mthw plle: m«:& W the top and \
thoroughly tramped whem 1t had tﬂlined “&Bi w«l t'lpmﬁlﬂo Ly
Two sdditional pilal mo mm men ?.M puc m % nu o: A

srse barm, It wss Qldl w Gf Mdin; m ﬁn' ,ﬁuﬂ (MQ
straw) plus wasted f’e«! from ﬁo lnum (nmm"*hm,

+1

s2d vas with one cxamwa from W W hhtnu mrma hlf

ond chorped barley ma the f!‘&l unds. # " {l f ; b ; ‘
Observations during the mtial poried of heasting shond

= loss of smmomin. The odor wes vgr: mt:egaﬁlgg about the heate-
ing pires. A maximum temperature of 72% € was ?uchod. (see

Graph I) The temperature greduslly deereased to 50° € anéd



|

e |
— el

Photograph I --Showing the method of building up
a plle of hot processed manure.



Degrees Centigrade

25 ,

/
20| [/
15 ”

10

1 2
Days(24 hour periods)
Graph I --Temperature Curves of Heating Manure Piles.

——-——- —Represents the heating of the first pile.

—— — ——Represents the heating of the second pile after
the first pile had been thoroughly tramped.

--------- Is the temperature curve of the pile placed on
top of the second pile after it had been thor-
oughly tramped.

Represents the temperature curve in the cooling
pile.
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remained constant for about @ week sfter wifch it greduully de-
croased to approximdte eir temperature, Mous tmwth %5 noted
at the noints of contaet mﬁth new heaps of mﬁre am u.ong the
sides of the pile where a=ration was not mnmuea. l‘hta grovth,
however, arpeared arrested when the pilu were thotw‘hlr truptd
at high temperature. The volm of t‘ho pﬂ&_) ﬂmn treated was
decrensed approximately one half, ’ | bt

At the end of & six months reriod o: storage ﬁn ;:uu '
were covered with & thin layar of m ltrl!’ ﬁimm Mﬁd.
this covering was observed a miat bonn&ms i?.t ﬂ‘ L r)ark ’
brown color, without the usual mn Mor ﬂl& Mﬁﬂl ﬁi‘ A

had lest its identity excopl tM' d
the decomposition. !‘he tmhratﬁre :
than the temperature of the m ptrs

six random saumples conplmli f.hqm:gh ﬁt pﬁ.ﬂ- m h Dﬁ.l M

Ty
b s

For the pursose of eeaparing the relati}n efftefn qt nﬂn-—
ures on ylelds of wboat, alfal!a &M mﬁr M‘kw 2 uwr!.u Of :
not tests were arrsnged,  The mwNo QM for un;o t&nl nz‘a




W T o o
izl i / ‘

hot processed manure, fresh horse l&pxro ::o- the sme mm

zs that which had beaa ‘hot 3mqued, ﬁiﬁ Storaﬂ unﬁr&at uh

origin from a large comdpacted M atoral ﬂuring thn wintefr au

the College farm, F A A ] VI T i”::r‘ /

Observations on the' m:'“‘kaf ol' thl
lhmu m.

Observations of the uuuuoa hup at W mw ATm
ware made to aseertein the sllﬂnrity a!' %b! MM Kfﬂl Ma

N

inches was similar to the atmq ‘“.:“\v-'ﬂ
pil=gs but propartiomtely tliequ. ﬂt ;

some of the menure appaarm a8 1f WMQ& W rm;a- \uﬁu
The bottom layer was very mnch 1ike & ged : 41
the odor of fresh manure. From a1l of' bum mst holes Liseaiian ol




Degrees Centigrade

45

40

35

30

28

20

15

10

1 2 3 4
Depth in feet

Graph II --Temperatures Taken at Different Depths
after a Six Months Period of Storage
in Compactly Stored and Hot Processed
Manure Piles.

—— — —Temperature in a compactly stored manure pile.

Air temperature in July 1931.

—— - — Temperature in a small pile of hot processed
manure.
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samples were taken with the size of sumyles pr\oporM@ned a8

much as possible to tnai“dirtermt tybés of menure p#iamt.‘ v

These samples were mixed and dried for ﬁml’iciﬁ and ‘@t tms.
Monure was, teken at random frou a heap fresh fmu the

horse barns. The auplec vmre 'm'epared &8 werae mn‘mar‘mnnrea

for the tests to be made, ‘ i “ i i
The soil used was tak&n fl‘erl a ﬁe:lai ea the vaﬁlk

Experiment farm which had not :ee;t%‘ nmxwi for w&ual xeara.
The crop previously harvested hed bm hsuh !hﬂ Iﬁu 1! of
the Millville losm series, The top six melus of mi un :

used,

the second portion a wu amount Irom tm nmant yut ma m
farm was sdded, The third portion néﬂ.m & 1like Wm’h of
fresh manure, The last was mn-eatt&., wtc therom nlxini
in the manure, a like amount of water was aucd uq m wrtioq
to bring the soil to an apparent optm milwra mmt.

Each of the pots was them filled wit.h ﬁh. to!.l t‘ tﬁp M 'mi@h&!

to make twelve replicates of each treawnak-



i3e-

Wheat and alfalfa were phntod Ln 134 ei’ the pota and sugar

beets in the remainder. 'me pots urt placed in 2 cold fraze
in rows representative of oaeh treatne!}t,, In the mta plmed
to wheat snd alfalfa, 15 kernels of wheat 'nre sown per pot and
a pineh of alfalfas seed. The beet pots rmived twelve seed
valls per pot. Later the wheat was thimd to ten almu pcr
pot, the alfalfa untouched and the beets to six and later ﬂ :
two plants per pots The soil was minmnﬂ in e miﬂ ooldﬂien
by sprinkling twice per day.

Results of 1051 Pot Tests |

&

Due to insect sttacks and utm- h ’ﬂh ‘ ! e

to harvest the wheat plants me HWS”# %"@f‘/‘ oo S
days after plenting. The results’ m abi Wﬁl‘ﬂ‘ﬂ’lo X m 2
alfalfa plants remaining in the wheat Mﬁ mm& t ned, o
The number of plants per pot and the wta; n&hﬂ 'ﬁ'el ‘the rm-
dom sowing 1s tebulated in ﬂi!. I, Nﬂ. Wﬂ “fﬂ»' &m
nitrogen by a modified phmlﬂmtphoullv m& m ﬂ?ﬂ) M (
water soluble phosphorous s dm:-nlm W thl Jor :" eo-Hc
bdate method is given in 'Iuibh p 4 ﬁc"fﬁtk niﬂ'etﬁv W.M
phorous content of similsr munures is tdm;w in !I’blc V.

dnalysis for potassium was considered mmuv in thm oz~ - »
periments as results with pawuuu rqitﬂiutm on the mill A
in question have alvays been negative, m rps&ltt from the

serles of plots in which beets ware ]rm a:x-o givsa 1!&#3’.“121‘ : :
nitrate nitrogen and soluble phosphorous h MIQ II.




Table I -The Availsblo Phosphorous and Nitrogen and the Yield Deta
t and m:w. from Pot Tests in 1931.%







RSt X

The data from the pots cogtatning‘vheat and alrnira‘ ucnod
to indicate a superior grovth in the case of tﬁe oa»tl m;nu‘nd
with the hot processed manure end the manure stored ﬂmyabthr.
The use of Fishers! z (8) showed thase results to be bimnnnt‘ d
The sugar beet pots showed no diffnwu in :s.om M to trntv- i
ment but the availability of phasphéw was uwimm m-

ferent in the manured and ummmnd soil. -"_ S8 LR ‘

‘f T

POT TEETS IN 1938 USING THE SOLG PREPARED FOB

8ix of the plants “?e hmditbﬁ “ MB d‘ﬁf int: AR PRt
The yleld data are given in Iabh Ilh m lm m awuh %
one half of the former 90 day groﬂh. Nﬁ rmmw two plmﬁ
were grown to meturity, the data being given in m !ns 4

4




Table III -~The Available Phospho and Nltrogen ond the Yleld Dats
on %heat from Pot Tests Haurvested In 1933.% N




2

Analysis of the soil for nitrate nitrogen from the imto showed =

as much veriation wﬂ.tmn trununts a8 bot“ma diftaran‘h m"e- .

zents so the results ere not signmmnﬁ, In the usﬁ of m f i
alysis for soluble phosphorus by the M‘nction tethsd &‘ Mhl-
berg and Brown a higher gsoluble nhoaphornut rhtd.ng wa g ahnﬂd
in the manured soils with npmmt auniriuas mtamms as

is seen by a study of Table ITI. In no case 'lm m dulf!crma
in yield sigpificents |

FIELD TESTS WITH HOT ?MCE&SED“ mnx CWM
70 ez-m umm

To ecompare the c!het af io

In order to 3rqp§?e’ the h@
constructed sz in the first mtm‘ ] leu
in the open bin, to get tie nwurd‘%b hm‘ tﬂtﬁtﬁﬁoﬂi" n;h
though the experiment was begun earlier ln ﬂhp nu. After v "__

attempting for two weelks to get a pile }tnﬂhﬂ tc heat by lMli‘

v
51
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water to meke up for losses by evaporation, the pile :vas;r‘o-o"é
from the bin. This bin was then built up into @ roofed shed in-
sulsted with eighteen‘ inches of sheep m.n_uré an!iatri‘l‘ Arcw
the two ineh planks, from v?hieh material the shed v@o”’emtﬂct‘-&-v“
cd. The plan of the structure is illastrated in Diagras T
I A. In this new bin insulated on four sides and with m Mton
six Teet from the roof, 700 pounds of well mixed msnure wﬁh
sture content of 76 per cent were lwsalr pued and mared

-

©w

w

ith planks. Later 350 pounds of mamure were a&&d to this pﬂu. el

before 1t commenced %o heat, The tmmrmaarc m et WM ud_
tvo additional plles treated in this bin :tn Shm M Graph III.
In Graph IV the temperature curve in cooling m um plled
‘eep is given, When the first bile hed mem a teaperature
of 57.5° G, after being u the bin. rqw ten qw:, u na,wm
and 750 pounds more of loosely pfled ‘mm )J;nutl jon Mk m
2tle resched = temperature of 80°C in five days m\zm s
thoroughly tramped. m. thhd pno of w phm . m @
the second, =8 in the ﬂm instance, 'm:hqn m pm,ﬁf e
and reached a tonporlmre of 5‘7.5‘ C. The :tr tmm’qh
ing these treatments wis wb seu. mq y&;rn -m'e ,ptynmm

vith lath markers. Wi D S R :
While vorking with these hea‘&m p:u.'t Olam Mher :ﬂ:ﬁ &
were arranged zg followss Bix pﬂ&s were Mli h h&je h.lm 4
fron the mspure 3¢ 1t came from the barm, two ware aeoumgtly
tremped in the opem, and three compsctly trmﬂ in 1
venized iron cans which were placed mstde tM l‘ﬂgn es* a hr(o

manure pile and protected from the ‘veamr. Ihc eminl =nd

)




Diagrams Showing Construction of Insulated Bin for Hot
Treatment of Manure.

Insulation

Diagram II
Scale--3" = 1' Front View. Depth 5 ft.

e

e Plank Covering el

Insulation

Bin for Manure

Insulation

Diagram II A

Scale--%" = 1! Side View. Front of Bin Movable.
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Graph III --Second Set of Temperature Curves of Heating
Manure Piles.

— - — - —Represents the heating of the first pile, which
started heating on the 4th day.

-~ - --—-- Represents the heating of the manure placed on
the first pile.

Represents the heating of the manure placed on
the second pile.
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Graph IV --Curve Showing Cooling of Previously
Heated Manure.



the respective 1
les thoere m‘

in the fall, Amtntlr “a



Table IV --Dry Weight Losses of Horse Manure During storzge.

v . ¢ 2 T H e T
Tyoe of : Date : YJD?ht 1 Dats - w?{yht ¢ Loss 1Per cent 3 iversge
Pile i Piled Dbt | ¢ Opemed 3 ; "8y 7 t in 1bs.: Loss % Loss
Loosely : 3 :
Piled ' : : A ' : ;
p P 8/18/51 3 857, s 4/8/82 ~3 2807 3 £25Q. 3 29. 3 3
2. 2 9/10/31 s+ 883, s 4 9/22 3 R | 103, ; 5 = 28.
e 1 [ 2 24, : 4 1/52 3. ZE0. 3 194, 3 26, 3 /
o | & o i : 2 : H :
w4, 1;1/4/31 s 128, g Af11/82 ¢ 1EB. s % : Sy
; *3: T 11/4/31 1350, . 4/11/%2 3 147: 1 e : v ¥ “
~ fé-lp!ct #8 ., 11/&)‘51 ] 1“¢ H 4/11/82 ' AF 1“. : 2 2. 3 e E
; el 3
wopties, To ki e e e X :

: oy g;gg;m 1 980, :/wzg 5 812, FoML ; 17,
> Se g 1 420, g 4/12/B2 . . N e
e iz ? g = £ : - = e

- 11/4/31 = - 10 : 4/12/5s ¢ 66, 4, 2. s S
o wag, o AI/A/B% L oMby oy MASME oY By 80y lg oy plis
S WG 4 ll/&}al -3 B4 T "13};2 Py - el 1le g .o X8 ¢ o
& grocenud i : 4 Sl N =
e H [ - 3 3 H -
m:,, T /51 g B8 f L5/Z2 : 171, ‘102. : 7. : JeSeis
‘*‘29 3 1 3 840, 5 4 8/s2 g 120, .- 180, ; 80, . ) 48,
B ﬂﬂ/&l 3 m. 3/32 § 2 120. e 116, T 48, )

* Mu 1eeso gﬂ.u were uﬁﬁ and
muu of temperature and humidi

- iy Q* These compact nnu (nonputad in Qontaincra) ripened #ith
: umiﬂa Lcnaa.

arontly rmimd metivc

*"9‘ m '}}ot pn‘gan_u;! gglgg ihoyf;.aug :1&3»3 in seigm,







Photograph II --A large pile of hot processed manure prepared in the
open during the mild winter of 1933-34. Note the
dark color of the decomposed manure immediately under
the surface of the pile.



Ch-mie'axl Etudies of the Manures Used
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The mat=rial going into the various piles ang the final

products obtsined were snalyzed for totsl nitrogen and phosphor-

pus. These data are given in Tsble V, The par tom nitrogen

value based upon the nitrogen coatent of the original aamure,
less storage losses »s tabulated in Table IV, is reported in
Table VI, Pound for pound (oven dry) the stored menures contain-

ed significantly more nitrogen and §hosphor0jﬂ. Of all the stored
mamures the swellest loss of nitrogen was ébserved in the kot
srocessed villes. Caleulated on & per ton Basis the stored sro-
duet in this 125t instsnce, altzough dry weight losses of 45

per c?t"ﬁrﬂh n‘p_t:%ﬂ, retsined all the nitrogen origin=lly present.

'l'ahl- V -~The Per Cent Total Nitrogem and Phosphorous

4n the Manmures Used,

i El 7 '
~tPer cents Bignificants Totel *
tTotal ¢ Difference; Per cent
R aliee 0L g 3 SpP
e T
L ¥ - 3 . ‘ 3 # § 2
Fresh Horsze l~nure : 1.271 ; : : «179
- : q : bm
Loosely Etored Horse Manure ; 1.375 : .288
Conne.ct.ly S8tored Horse Manure ; 1,382 : «250
Hot Processd Horse Manure  ; 2,585 ) ) : .534
te i lmn 1 "" I :
: OIS :
Hot Processed Horse Manure = 3 ) v, :
1931-1932 g 2843 ; 853

*pifforences to show significance sre not given in
ease of the phosphorous eontent bescuuse these doteuina-
tions vere made on composited samples. B
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Table VI —-The Relstive Losses of Nitrogen Caleuldted
in Pounds Per Ton on a Dry \‘!ei‘zkt aun.**

b

M-
H Pamm 1Per Cent
:Per :ﬂi lﬂﬁ

Vi
T

Original Horse Manure Fresh from 'ﬂ,i.a 5#3'& : 27.40 :

& i
Loosely Stored Approximstely Seven lﬁmzths g 17.66 .
Compactly Stored Approxiuﬁtbly Seven M‘l‘,&s, g 18,08 V

_,.‘ £k
Fot Processed & Stored Approximately suw : AR
' Months , 8‘!&! Lt

* It was not possible to smv a lm ot‘ ﬁm l.h !
the Hot Frocessed piles studled.

#*# Computed by taking the parcentag g,
e ton of the original menure snd that &moun
present in the same npure reduced
of storage. i o

sents, & proximete orgamic uuf!ra:,t of amw:u am:w ﬂsrp-
sentative of the du‘tormt truinmi ﬂ\ﬁﬁﬂ!’ ﬂt l!lh thhu"
“othod used by Waksmen and Stevens (51). These date 5
in Tables VII, VIII &nd n. The huhcr peummc cf em
srotein found in the hot processed Buﬁmw (ﬁm ut} nﬁo:*"
&s a check on the findings rdporteﬂ ﬁ@t thlc l, lhstt tm total
trogen content of the mau;er vas reported. ‘m uhtiu
amounte of nitrogen, mlub 8 in 'er ami le&éi, d@ rmt mun tﬂ
chenge during the process. (Table IX) m loss in dﬂ woum

of the hot processed mapuve is associated with oozfroqpunam




Table VII --Proximate Chemical Anzlysis of fHorse Monurss U

t Fresh $ Fresh titored t btored tStored Com~-tiiot Proces+ BHot
t Manure @ Hagure ¢ Loo ely 1t Compsctly tpactly =t tzed Stored:Processed
s 19%0 3 1831 t 7% Hths. 1 7 Mths, i0Gresnville t 8 "Et':qs. : Stored
3 | : : . 1830 38 1820-2) ¢ 5 ¥ths,
[ § 3 H L] ] 3 ¢ 1321-22
W T — + T 5 T
pH : ] : BuB 2 5.5 H 8,0 3 64,0 : 6.0 : 5.0
Percent 2 : 3 : 1 t H t :
3 3 e s 4 H 4
Holsture ¥ L.0f 3 5 s
Ether boluble r DT 3 L Tl % o <8 3 +85 .58 §. ah? ' « 27
flcohol toluble 882 v UBERIT . BEE 1 4,81 t. 4,72 312,68 1S58
Cold % Hot 839 Solnblct‘ 14,868 ¢ 3 18.40. 3. 18,30 8 20,69 1 24435 1 24,97
Seducing Sugsr¥ ¢ (2.88) 3 (#.58)s (2.15) 1 (2.88) < 1 (2.88 v (8.50) ' :  (8.70)
Hemicelluloscs t 24 3 80 3 A BBL 1 B89 y  1.9% t .41 t 2448
Cenulosen . S B P o g BSe 1 Be98 ¢ 1,86 o 1,48 T 1.684
Lignin . ey 5088y 1780 © 1 40.21 ¥ 20.97 1 34,08 1 25,08 -
Crude Protein 3 =3 T B8 - 8,81 5 30,75 3 - B8 -
Lo cne e R § 28,48 3 Bl,77 3 ©8,98 23481 _
e e R 8 e - 3 B |
Total Accounted For¥w i 104.!1 ; 4 m.aa : mﬂ.ﬂi 2087 P8I0 $200.77 _111'4.‘-76 o 1ngbe
Z topetge T b i" ‘ 2 z _ L * |
- * The reduci nl:ab are unt ﬁmoé 1a the snnl aercem: as tm aro socounted

fq in a- Ega :azuua mnuum ,

“ itaat of the totals being vell over zaos, 1t is believed that this Aiserepanay >
is I%ﬂ{ secounted tu' by daplicstion of miner:zl aatter in both extrects snd
-smaller errors in nitrogenous compounds and the

~ in the' nmime.

This punlhility iz sho¥n in Table TIH

cumulstive error



Table VIII --~The Aposrent Error in Table VII is Lus

y El nated by 1 ting
the Per Cent of Resliduzl Ash from the Totsl r Cent of of sn
Untreated Sample,
t 2 : $ § Horse H orse ¢t Borse
: Fresh § Freslh 3 Horse 1 Horse $ Hanure t lrnure t Hanure
t Horge ¢ Horse 1 HManure ! Manure & HStored ] Hot 2 Het
$ Msnure ¢t Hanure 1t Gtored ¢ Stored t Compacotly $Procezzed :Processed
$ 1830 ¢ 19281 3 Loosely :tCompactly @ e 3 Stored & Stored
£ 3 v g 7% Mthst 7 Mths, 3lreenville : 8 Mths, .5 Nths,
1 4 4 ] H 1920 2 1330-21 : 19&l-ZP
A t 4 3 s ] 3
? 3 : 3 3 H
S t s 2 {4 3 3
g 2 : : 3 i H
Original 2sh 3 d 3 i S - 1 3 3
(Table VII) t. 15610 1 IT.OR 1 28348 3 24448 4 Bl.77 3
% t X 3 L] & H
fssidual Ash < 3 : : 22,18 1
: 2
Dirference 1 3 9.81 T
3 H 7 H
Total hecotmte = i
(Table VII,

Above Differchnce



Table IX --Distpibution of the Total Hitrogen Content s found in the
Extracts from W ?N;ilttc Chemlezl inalysis.




incres:os in the perceatége ash eontent,
ents gre 5180 rw&hra& lir'a mlﬁmm by ﬂm
‘position as mdien!kod by their huher saluw. ,’ 3
Table VII & VIII). In tbo dma-paud mun
in alcohol alw mereisﬂ yr’l rmLt gft ‘Iim

position.

graph III, hol thil ﬂaﬂmrﬁm thl ‘

the maiﬂwmicsntmt of tha varims ;
Later nu}is .8 shoyed this as it 3
result & ntly lsrgar applzmm

hot processed weos ot



Photograph III --Showing the field plots after the manure was
applied. The darker color of five of the plots
is due to the application of hot processed manure.






differences mtgr
£ composite éf -l!t‘




Table X --The Available Nitrogen snd Phosphorcus, the Yield, Cugar Content
and Purity of Bugar Beets following Verious HManurlal Treatments
oh Field Plots in 1832,

* ; i T T T
T ANO.F n,.‘ No, of ,teight of Weight Ratio , Suger Dur‘ty
’ng:agonsz gno Beets 1 Aoots :of Tops ; of Tops s (Per | (Per
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Photograph III --Showing the field plots after the manure was
applied. The darker color of five of the plots
is due to the application of hot processed manure.
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