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SUMMARY
Mineral levels were measure2 in sampies of broiler
feeds. broiler house Zitzer, soils repeatedly
fertilized with or without litter and forages grown on
these soils. Soils with a history of poultry litter
applications had higher levels of phosphorus :than
chose untreated. Other s0il nutrients including

sulfur. magnesium, calcium. iron, potassium, copper,
zinc and molybdenum did not show a detectable buildup
from successive ears of poultry litter applications.
There was 10 soil buildup of non-essential clant
silements including <sodium. iluminum. <admium, _2ad.
irsenic xnd 3elenium. Manganese and .opper _2vels
were nigner in nonrertilizea soil szampies.

Forages ICrom soils fert:lized with goultry litter
had higher levels of <crude »protein., phospnorus,
cotassium, sodium, and scpper, consistent with
forages zrown on well-fert:lized soils. Increased
copper _-2vels <from f[orages Zertilizea with litter may
be desirable Dbecause rIorages from adjacent pastures
were torderline dericient :2 copper.

Copper and zinc levels were very naigh in Zeed
samples Zrom integrators. _.els of all mineralis in
fresh <croiler house litter =2xceeded beef :attle
requirements even if litter was fed at only 25% or the
iiet. _evels of iron. aluminum and manganese were
very high in litter csamples. Deep stacked litter



sampies showed higher levels of phospnorus. magnesium.
calcium., aluminum. c:admium, molybdenum. arsenic. and
selenium chan raw litter sampiles.

The 3reatest <oncern with using - these litter
samples in «cattle feeds is the extremeliy high cocpper
levels (2 to 9 times maximum tolerable _avels and 46
to 124 rt:imes the requirement). Zinc levels are also
very high 1in litter, many times the requirement for
beerf cattle. If litter is to be recommended Ior
sustained <feeding to ©beef cattle, <tche commercial
poulitry :ndustry needs to determine if these very high
feed levels oL copper and zinc are really required by
poultrv.

INTRODUCTION

The :ommercial poultry indust-y has 2xpanded
greatly in Eastern Oklahoma during _ie past 10 vears.
Based on experience from neighboring states with large
poultry industries. there is concern about the proper
disposal of manure and litter from concentrated
numbers of broiler and laying houses. Typicaily,
litter management has been accomplished by removal
once or -wice each vear from the houses and spreading
it for Zartilizer value on nearby pasture lands. 3some
litter nas also been used directly by fzeding tc ceef
cattle.

Orel:iminarv analysis 2as shown that troiler nouse
litter mav be nighly —ariable in nutrient content and
contain high .svels of some m@minerals., gcarticularly
copper ‘R2attachara et ai.. 1975: Ruffin et al.. 1981).
Concerns also arise about possible build up of mineral
levels iz soil fertilized repeatedly with litter and
also 11 Zorages grown on these soils. The objective
of this research was o measure levels of essential
and alsc cossibly toxic minerals in commercial Croiler
house _itter as may be fed to cattle, soils repeatedly

-

fertilized with litter and in forages grown cn zhese

-—_——

soils.
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MATERIALS AND METHODS

varicus samples ere taken Ifrom 14 broiler/cactle
operations along :the Cklahoma-Arkansas state border
and ~wo samples £from :-ne operation in southwest
Missouri. All samples ~ere taken :in June, 1992.
Sampies included poultry feeds., broiler litter, deep
stacked broiler litter. and soil and forage samples
from rastures receiving troiler litter fertilization
and aajacent similar pastures receiving none.

Fresn DbDroiler litter samples were =-aken from
houses containing the iast batch of 5irds prior ro
house <leaning ~r from =mpty houses bDerore cleanout.
Sampies represent houses operated unaer several
integrators with the number of batches of birds run in
each house ranging ZIrcm three to six. Samples
consisted of all the litter (bedding and manure) from
a 6-inch wide trench =-o a depth or contact with the

earthen pad. The trench. dug with a shovel, began at
the mid-iine of the house and proceeded laterally to
the wall. Care was taken to avoid soil contamination
of the _litter. This procedure served to obtain a

representative sample <f the entire house including
feed ana water lines is well as loaring areas. The
40-60 zal. of litter collected was thorougnhly mixed on
a tarpaulin in the house with a 1.3 pound sample taken

from tne total. This crocedure was =repeated in
Srooder 2nd grower ends oL =2ach house with the smaller
samples nixed <2 obtain 2 cverall House sampie.
These sampies were then ZIrozen until shipment to the
laboraccry. The litter :ollected —represents that

which is commonly appliea to land :ia the 0Oklahoma-
Arkansas area.

Deep stacked ©sroiler _.tter sampies w~ere taken
with a shovel at waricus depths and locaticns from
litter stacks aged frcm 12 weeks <o cne vear. The
larger sample was subsampied after mixing to obtain a
1-1.3 cound amount. Jne samplie represented Aa
commerc:ally available cellet made from composted
litter. 3amples were frozen until shicment.

“prage samples were cocllected by harvesting from
at least 5 random sites measuring _.- X 3 ft across
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~he pastures until =2nougn 3rass was <collected -»>
provide >1 pound c¢f iry matter <Zor cthe laboratcrv.
Samples were air-dried srior to snipment.
Representative soil sampies were =taken to depths or
six inches.

These forage and soil sampies were obtained from
Bermuda or fescue pastures which had a history of
fertilization with poultry litter. Litter had been
applied in amounts of 2-4 tons/acre at least annually.
These pastures were seiected not only for rheir
fertilization history Gtut also £for zhe purity of the
grass stand and croXimity oL similar (grass and soil)

pastures not fertilizea with poultry litter, ZIrom
which soil and <ZIorage :zamples were collected ZIor
comparison. Commercial fertilizers may have been

applied to control pastures.

Feed samples were =-aken £from £feed ©bsins with
permission and assistance from the cooperators. lne
sample was obtained <Irom 3 commercially available
poultry feed.

Samples were analyvzed oy A&L Agricultural
Laboratories, Inc.. Omaha. Nebraska (an independent
agricultural laboratory). Analiysis included: total
nitrogen (N), sulphur (S). ophosphorus (P). potassium
{(K), magnesium Mg), calcium ‘Ca). sodium (Na), iron
(Fe), aluminum (Al)., manganese (Mn), copper 'Cu). Z:inacC
{Zn), cadmium zd), zolybdenum ‘Mo)., lead ‘Ph),
arsenic (As) iand selenium (Se). Nitrcgen ccontent was
jeterminea using -he ‘eidanl method. All  scther
2jements were anaivzea using 3itomic absorption :ina
emission Spectroscopy. Data were analyzed using
General Linear Models procedure. Comparisons included
raw Vs deep stacked litter sampies., and fertilized s
nonfertilized soi1ls ana Z>orages. For statistical
analysis. aumerical _l2veis of =lements found to :e
less than 1laboratcry detecticn limit were definead 3s

rthe average oL zero ind the dietecticn limict.
Detection limits Zor Cd. Mo, ?b., As and Se were ...
.12, 1.23, .15 zna .. cpm., respectively <Zor soil
sampies and 3 1.0, 3.9 .15 and .15 OPMm.

respectively for IZorage sampies.




RESULTS AND DISCUSSION

Soils. Samples of soils with a history of pouitry
litter applications showed a higher level Of
pnospnorus (P<.01) than those untreated with poulitry
licter (Table 1). This is to be expected since litter
contains valuable levels of essential plant nutrients.
Phosphorus is immobile in the soil, therefore. a soil
buildup of this nutrient is an agronomically preferred

practice. Most all native soils in eastern Oklanoma
are deficient in this nutrient for optimum forage/crop
production. Hence. a small buildup simply increases
the availability of phosphorus ¢to plants for future
production.

The other soil ~autrients including sulfur,
potassium, magnesium. calcium, iron, zinc and

molybdenum did not show a detectable buildup ZIrom
successive vears oOf poultry litter appilications. This
is also consistent with expectations because litter
contains only trace amounts of most of cthese
anuctrients. Copper and manganese were found in higher
concentrations in nonfertilized soils (P<.10).

Non-essential plant <elements inciuding sodium.
aiuminum. cadmium., leaa. arsenic and selenium occur :in
trace amounts in litter. No trend toward soil buildup
was impliied from the data.

Forasges. Frorages <Irom Ssoils Zfertilized with
coultrv _itter nad higner levels > :rude Jrotein
. P<.Cl), chospnorus P<.03), sodium (2<.03) potassium
(P<.0l) and copper ‘2<.001) (Table 2) This :s
attributed to differences in applied levels of these

nutrients between litter-treated and nonfertilized
sampies ZIrom the same location. If levels ot
available N, P. and K equating those of foultry licter
fertilization had ~een applied using commercial

fertilizers. the resulting levels of these nutrients
would te similarly increased (Eichhorn et al.. 1984).

The protein, phospnorus, calcium, potassium 3ind
magnesium content of forages from pastures fertilized
with litter were consistent with forages frem hignly
fertile soils.
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3ecause energy <:ontent 15 highly <orrelated with
orotein content, these forages would tSe expected to
provide excellent <cattle perrformance. No potential
problems with toxicity of any mineral in forages from
litter-fertilized pastures were obvious.

Zopper levels were slightly lower in the litter-
fertilized soil (P<.10) and were greater in forage
(P<.001) produced on that land. Given the high levels
of copper in the poultry litter used as fertilizer,
and increased forage production from fertilization. it
is likely that added soil copper is assimilated by
the forag=. The increased copper leveis from forages
fertilizea with litter may be desirable  because
forages grown on adjacent pastures appear to be
borderiine deficient in copper. The increased copper

may, however, be offset by increased levels of
molybdenum from litter~fertilized pastures.
Molybdenum will . bind copper decreasing its

availability to cattle.

Thougn not found in comparative concentrations in
commercial fertilizer, the sodium found in poultry
litter resulted in an increased level of this element
in fertilized forage. Soil samples appeared similar
indicating that the majority of these applied minerals
were mobilized by the plants. A

Poultry feeds. Sampied <feeds inciuded starter,
srewer z2nd withdrawal diets from producers feeding for
iifferent integrators. Broiler feeas contained high
levels of protein and a1inerais <compared to cattle
rations (Tables 3 and 32). The commercial starter-
grower feed was similar in mineral content to feed
from iantegrators eXxcept for copper. zinc, sodium and
arsenic levels which were especially greater in
integrator diets.

Sodium was present in integrated company broiler
diets at levels approaching 2x the RC requirement.
The high sodium levels found in litter and fertilized
forages may affect cattle diet formuiations and could
potentially increase salinity of the soils., although
no sodium accumulations were noted in this study.

Poultry diets should be evaluated to determine if
*he salit level could bLe reduced. The cattle feedlot
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industry nas reduced salit _evelis to .3% and lower :in
rations in an erffort to reduce salinization of soils

fertilized with manure. Cattle perrformance has not
been affected.
Broiler house litter. Accepted <feeding levels

along with maximum tolerable levels and toxic leveils
of minerais for beerf cattle (NRC 1984) are shown in
Table 5. Fresh litter samples contained from 19 to
over 21 percent crude protein (N x 6.25) (Table 4).
These values are consistent with published nitrogen
levels of litter from other sources (Battachara =t
al., 1975: Ruffin et al.. 1981). Althougn not
statistically signiiicant., aitrogen levels tend to be
lower in deep stacked compared to fresh litter. This
would be expected because some nitrogen will be
volatilized from the heating that occurs in the stack.
Mineral levels tended to Gte nigher in deep stacked
litter than in Zresh litter. Undoubtedly some
composting occurs within the stack which will reduce
carbohydrate levels and increase mineral levels on a
percentage basis.

Levels of many minerais in fresh and deep stacked
broiler litter =2=Xceed beer cattle requirements if fed
in excess of 25% of cattle diets. Sulfur levels are
high but expected in Zeeds containing large
percentages of protein. ~hosphorus levelis exceed the
VRS recommended range Ior Zeef cattle. This is not a
major concern if “icter is diluted in the diet ana the
ootassium 1S -rom organic plant) sources rather than
Srom an .norganic source sucn as potassium chloride.
Note that potassium levels in rforage samples (Table 2)
axceed .evels in sampied litter.

Calcium and ohosphnorus l2vels in litter exceeded
maximum toleraple levels but were in proper ratios for
HYeef cattle. Litter would propably make up only 25 to
50% of the total diet ¢r cattle and., thererore, levels
of calcium and phospnorus in the total diet would be
acceptable in most situations.

Levels of iron and aluminum are very high in
litter samples. The solubility f(availability) of these
minerals from soil may be poor enougn that they pose
no real problems.



Arsenic ind selenium are also present in levels
approacning or exceeding maximum tolerable levels for
beer cattle. The maximum allowable l2vel of selenium
in cattle iiets is currently .2 ppm. Dilution of
litter in cattle diets <could wminimize potential
problems with arsenic and selenium.

The greatest concern with using cthese litter
samples in cattle feeds 1is the extremely high copper
levels (3 -0 9 times maximum tolerable levels and 46

to 134 times the requirement). Litter should
obviousliy never be fed ©to sheep, 2 species ‘very
sensitive > copper. The molybdenum level is also

quite nignh -ut not nearly high =2nougn to 5ind the
amount oL zopper present in these _itter sampiles.
Zinc levels are also very high, 3nany times the
requirement for beer cattle. If licter is <to be
recommended for sustained feeding to beerf cattle., the
commercial coultry industry needs to determine 1if
these very 21igh levels of copper and zinc are really
required by poultry.




Table 1.

without broiler litter.

Mean mineral amnalysis of soils from adjacent pastures fertilized with or

Macrominerals FertiliZed Nonfertilized BProh. 9
Mean S.D. Mean S.D.
Crude Preotein (N), % .386 .52 .605 .20
sultur, % .013 008 .01 .00
“hosphorus, 3 .052 011 .028 .004 P<.01
2ofassium, % .038 014 .028 .013
Magnesium, 3 .038 018 .04 .017
Czlcium, % . 235 167 .+55 .076
Sodium, % .004 001 .003 .002
T-ace Migerals
—=2h. opm Tz72 2337 2650 19587
Aluminum, =Em 31.589 334 2396 797
Manganese, =P 234 376 1302 169 P<.10
cspper, zpm 0.5 T 20.5 11.3 P<.10
Ziac,iopm 25 1 19.7 6
Cadmium, Z2m N/Db N/D
‘(olybdenum, -pm .67 .26 s .2
ead, pPpm 5. 2.64 8.58 3.77
Arsenic, =rm 8.47 5.45 7.91 3.75
Selenium, =pm .18 17 N/D
2 srzcpabilicy that the difference between means could cccur by chance.
= /D=Not Zetacted, zelow laboratcory detecticn _:imits 1n all samples.



Table 2. Mean mineral analysis of forages from adjacent pastures
fertilized with or without broiler litter.

Macrcminerals Fertilized Nonfertilized Prob,d
Mean S.D. Mean S.D.

Z-ude Protein (N), % 17.7 e 7 12.54 1.92 P<.01

sulfur. 3% .31 .05 2T .06

“hospnhorus, % .4 .04 - 34 .12 P<.05

Potéssium, 3 2,01 i7 2.26 3 P<.01

Magnesium, % i .02 .24 .06

Zzalcium, % + 5 s 2d .62 .25

Sodium, % .03 .01 .01 .01 P<.05

Trace Minerals

—Sen...5pm 230 102 214 222

Aluninum, opm 15 37 57 65

Manganese, ppm 128 69 223 109

ZZprer, ppm 8.2 32 5355 1.22 P<.001

Zingi;: =pm 4 2 36 7

Zadmium, 2pm N/Db N/D

Molycdenum, ppm 1.2 52 .37 1.06

_ead, zpm N/D 0 .87 .66

Arsenic, ppm .08 0] .25 .38

Selenium, =pm N/D N/D

rence rCetween means could cccur by chance.
becratcry detection Zimits -n all samples.
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Table 2. Mineral analysis of poultry feed.

Teeds starter Grower Withdrawal Commercial
Macrominerals

Side protein, % <2.24 2481 cl.d 18.56
sulsur, % ol .28 .29 .3
Shzspherus, % 25 .85 .32 .97
¢ zssium, 3 .25 .34 .75 .95
Maghesium, 3 18 <1 .19 .32
Czlcium, % 1.16 .95 1.09 1.03
Socium, 3% .296 .219 . 245 .178
T-ace Minerals
—oon, Zpm 280 214 243 262
rl.minum, ppm 33 55 74 104
Mznganese, =pm _E8 282 157 155
Zcoper, 2pm 242 146 298 19
Zoncl 2Pm 263 22323 174 128
Czdmium, ppm N/Dé N/D N/D N/D
Molybdenum, =pm 1.13 ) .82 53 .47
ad, r£pm N/D - 1.85 N/D 2.27
senic, ppm .32 45.38 26.1 .21
Selenium, ppm N/D N/D N/D N/D

-

a4 y/D=nct detected, Cfelow laboratcry detection _-mits in all samples.



Mean mineral analysis cf troiler litter.
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Minerai requirements and maximum tolerable levels for beer cattled.

Table 3
Requirement
Maximum
Suggested ‘ Zolerabple
“:neral “alue Range* _eveiC
Jalicium. % -— .2 to .7 2
cbalt. cpm 2.10 2.07 to J.11 3
coper. cpm 3 4 to 1C 115
l>dine. cpm 0.5 0.20 to 2.0 30
~zsn. ‘ccm 20 30 to 100 1000
“agnesium, % J.10 0.05 toe.0.25 0.40
“anganese, cpm 30 20 to 30 1000
Molybdenum, cpm --- === 5
-hospnorus. % -—— 23 to .- 1
cctassium, % 2.063 3.3 to .7 2
Z2ienium. zcm 3. 20 .05 te 0.28 2
Zcaium. % .08 2.06 to 0.13 od
lnlorine. % - --- -——
Sulfur. % J.10 2.08 to 0.1:Z 0.40
Zinc, fom 40 20 to «0 z00
trient Reg. of Beer Cattle., 6th ed. .1984).a

The Listing
requirements
~ei1ght. szex,

of a range in wnich requirements are likely <o be met recognizes that
for most minerals are arfec

rate of gain) factors.
e of mineral requirements and I:r content of interfering substances than to

ecific dietary value.
©1280).
scatum chloricde.

Thus.

ted bv a variety of dietary and animal (body
it may be better to evaluate rations based
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Minerzl Zevels I Etroiler house litter and
forages and soil fertilized with litter.
S.C. Zmaith, J.G. Britton, J.D. Enis, X.C.
Barnes and K.S. Lusby, Oklahoma State

University, St:llwater.

The objective <¢f this research was to measure levels
of essential and also rossibly toxic minerals in
commercial broiler house _itter as may be fed tc
cattle, so1l1ls respeatedly Zertilized with litter z=nd
in forages grown on these soilils. “arious samples
were taken from 14 broiler/cattle operations alcag
the Oklahoma-Arkansas state border. Samples incliuded
poultry feeds, -roiler litter, deep stacked broiler
_itter, and soil and forage samples from pastures
recelving broiler litter Zertilization and adjacent
similar pastures receiving none. Samples were
analyzed by an independent agricultural laboratory.
Analysis included: total nitrogen, sulphur,
rhosphorus, potassium, magnesium, calcium, sodium,
iron, aluminum, manganese, copper, zinc, cadmium,
molybdenum, lead, arsenic and selenium. Samples cZ
solls with a history of zoultry litter applicaticns
showed a higher level ¢f zhosphorus (P<.01) than
~hose untreated with poultry litter. Copper and
manganese levels were nigher .n nonfertilized scils
P<..0). The cther soi1l nutr:ents did not show =
detectable ruildiup from successive years Of poul:ry
litter applicaticns. Forages from soils fertilized
wlth poultry litter had higher levels of crude
protein {(P<.01), phosphorus (P<.05), sodium (P<.Z %)
and potassium (2<.01). Ccpper levels were slightly
lower 1n the litter fertilized soil (P<.10) and were
greater in forage produced cn that land. ~ZIresh
itter samples contained Zrcom 19 to over 1 percent
crude protein ‘N X 6.25). Levels of many minerals .2
fresh and deep stacked broiler litter exceed beer
cattle requirements 1if £fed in excess of 25% of cattle
diets. If litter :s to ze recommended for sustained
feeding to beef cattle, <he commercial poultry
industry needs <o determine if these very high l=vels
of copper and z:nc are resally required by poultry.
Beef cattle, zoultry litter, animal waste



