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ABSTRACT

Soil fertility status Was evaluated for six application rates of
steer manure after,tWQ years of féllowing or double-cropping. The steer
manure 1oadingrrateé Wé£e O, 44,8, 134.4, 178.2; 224.,0 and 448.0 metric
tons per hectare (dry weight). The fallowed sectioﬁ was uncultivated-
and. unirrigated. The tWovyear-doublércfopping system included four -
smaii-grain c;ppsrprbducedfunderrstapdérd;»pommercial-prodﬁétion;pra¢-“

tices used»in the irrigatedideserp_dethwéstf! One hundred- pounds HN@ﬁO3
Qasrépﬁlieﬁ-ﬁrpadcast £o~dilpfallowed énd cropped,ploﬁs béfore*seéaiﬁgf'f‘
the‘Sudangrassfindicator qroﬁ. The grass.was~Samplgd fwiCQ; just’pfiofi-
torbéofing. The soil'fertility,analysiS:utiliz¢d fie1dfg£e§n'and dry-.
Weigﬁt,zplaﬁtfni£rogen<énaéphosphorusAcontent'énd'totalfnifrOgEn:and-‘f'
_phosphorus uptake:plant‘parameterSAandatwd soil'paraﬁeters;;total or= .. .
ganiq carbon*and7602;501U§le phbspﬁofus. |

- .The'soil fertility:énalySiStreQealed thét any‘manure 1oadingi,z;
‘rate may poseAa:pétential‘Salinity hazard.,. Manure loading fates up.£§ '
vaboﬁt.iSO mt /ha éppéafedltd increasegsoil‘fertility-benefit,or'while:;,
manﬁre loading rateé of,at least.180ghf/ha appeared to maintain soil
fertiliﬁy‘statuS'near or above native fertility levels after two years
ofrdouble-croppingJ TWOAfears of»doﬁble-croppingtreducédvsoil fertilityl
statu$u£o~1evels)1eés thénlthose-of'thé”fallowed freatment-for any given
manufe-loading rate,-With low soil hitrogen fertility status appéaringv
to'be:the principleifiéldélimitiﬁg factor. o | ' :

viii- ~



CHAPTER 1
- INTRODUCTION

Rapid human.and food animal population growth ihcreases.the
' demands upon g finite amount of space.  One of the major §roblems asso- -
ciated with population growth-is waste and manure production and accumu-
1ation;'JLivestQ§k=andrpouitEY'manuré‘Prodﬁctién“énd'adcumulétidn'hésf 3
reached magnitudes‘that’require management‘éhd?dispoSalfsélutiohé to
‘minimize the environmental pollu;i§nwpotential;4 Loéhr_(1968)'gstimates,
V;Americanrfarméféroduce'approximatelygtwo biliion-tonszof.manﬁre annually;
An estimate of the scbpe:of the problem-féqiﬁg,the'Arizona béef*cattlé_'
iinauétry is .as much aé;tén‘million’ﬁons'of s#eet'ﬁamure brodudéd per
year., Similar estimates-of~manure:production by livestock orfpoultry“
6perationsumay dtilize livestock census infqrm;fipn~frpmuthe:U.cS; Censusi,
Bureau. in.conjunction witha?er‘capita-daily~manurefproduction aata-suéh.
as that in TableﬁII(Taiganedes 1964},

‘Evén though some manure is distributed over‘pasture and ‘range .- .
‘naturallyg the enormous bulk of manure has aCCumulatgd and-stopkpiledrﬂ:-.
at the_productiongsite, _Prokimity of livesfock and poultry industrieé
to human~éopulati6ns,»cultural practic¢3fandueconomicVfactoré-have re~ - .
.sulted in the redistribution from sméll,'1owédénsity-popu1ation'épera-
tions_tb large, high-density-pépuléﬁion operétions, Some consolidated
beef-cattie'feedlots have ﬁp to five:huhdred thousand'(500,000) head
-capacitiés, Thuég manure éroduction has“nét'only increased but has also

1
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Table 1. Some livestock and poultry manure production and analyses

o - Pounds” - - "Analysié-in'PerCent , : :
Animal - per Day _Nitrogen (N) _ Phosphate (P) -Potash (K).-

Dairy Cows 70.0 5.6 - Okt G2
Beef Cattle - 64:0 Co3.7 .- 0,48 2.5
Hogs-: -~ - 7,00 . . 45 .0 . 1,19-- b 3,5

Hens (1000) 0 250.0 ﬂ ”- 5.6 SR 1.89 : 1.7

"lTaiganedes‘1964"t



3
been concentrated at fewer sites, accelerating accumulation rates. Rapid
manure accumulation under similar feedlot conditions ﬁas accentuaﬁed the

- pollution po#eﬁtial. |

Manure pollutarnts involve both chemical and bidlogical components.
The chemical component includes, in order  of decreasing pollution poten-
tial, nitrogen énd phospborusvxcontaining compounds, salts,.trace ele~ .
ments and heavy metals. Thérbiological component .includes organic .
~substances, -pathological agents,.inSécfs‘and Vermin;{W§ed_seed andi 
ébnbxious édors; -Thefamoﬁnt'ofhthese_conétiiuéntsfis dependent ngnithel
:animal-ration, method of-housiﬁg éndimethod of collection (Fullef11976>;

Thé ‘'manner in.which.the manure-is‘handled;_sﬁored and utilizéd
. affecté_théwpoliutioh ﬁaZardﬁand'impact-upon the'Surrounding~environﬁént,
(McCalla et,él;_19729, The‘§r6$iopal ruﬁoff problem*QSSGcigted With
feedlotsrorloﬁherymanure accunmtlating operations is-aiéé:iousﬂconttibutor'
to;waﬁerwpollutibn{ Durihgﬁperiods Of-heavy,rainfallaor rapid snow melt,
-ﬁaﬁﬁré-ladenarunoff"Wéter;éollécts:wherever surfacé.wéter accumulétés:in_~
,'natufal drainagefsystems.‘tThé'runoff problem is not stfictly a humid .
'climatg pheﬁdmenbnmbutimay=occur in'aridzélimates>as well.;

‘When nitrogen ana‘phésphorus"_beéomevconceﬁtrafed.in standing -
.or glow-moviﬁé surface waters, excessive growth.of aquatic plants bf;en
results,.which may clog.waterways; limit the‘pxygen supply, restrict
fish populaticﬁs and generally upset. the environmental_balance; In ex- -
treme-cases,“high nitrOgen'ébncentrﬁtionsvmay producevniﬁrate toxicities,
Miner and Willﬁiéha(l970).étudied oxygen-demanding organic mattef.&e-'
rc5mposition,"0rganic matter from livestock wastes, another manure. run-

v

loffvpollutan;gof~éurface Waters;'isjg;sui;ableusubstratewEOr aerobic



bacteria. Once manure organic matter enters surface waters, bacteria
.utilize any availéble-dissolved oxygen for decomposition. The decom-
posing organié matter not only.depietes thé aquatic ﬁabitat of oxygen>
but aléo'contributes disagreeablé éolor, ﬁaste.and—odbr to public waters.

Even when precipitation is not heavy enoﬁgh to cause runoff con~

ditions, léaching of soluble mandré pollutants, priﬁcipally'nitfateA
.nitrogen éndAsalﬁé,;from accumﬁlated stockpilésﬁrehainS'a'sériOus_7
consideration, Mbveﬁént through soils by nitrateg’sédium and -potassium- -
salts-isia functiéﬁ-of applied'wate;; either rainfall or irrigation.
Givenvsufficient dfaiﬁagé_and-time;»these soluble ions'movewfreely{toa
the -water table (Adriaro, Pfa-t't',-yand— Bishop 1971), ‘Gilham and Webber
(1968)-aﬁd‘Stéwart;et~al; (l967)’repbft'siﬁilé:'findings and conclﬁsions,
' Whiiéfgroﬁnd_waterfppllution;isnprimafily~a nitraté-éoniéminatiénrprob%
lem,,éaltsiare,a1301COnt:ibutor;; :In.sémivhuﬁid,and semi~-arid regioﬁsﬂ
_whéré irrigated agriéultufévis.pragticed, groundmwéﬁer'may;be thé(ﬁajér
‘water-SOurce. Irrigation Water'éuélity:is'critical?to favorable soil
éolutioﬁ,salt concentrations and distributions fdr.soil structurE1ﬁaiﬁ-
tenaﬁée-(Cr@ss,_ﬁééurék, and Chesnin 1973) andiSuccessfuIﬂplantige;mina-
'tion>énd growth (Aﬁfiaﬁé.et al, 1973);'

Accumulation.of feedlot manures and the subseqﬁent pollution
hazard created pose  ayserious management c@ncern, particularly when
1ives;ockfand_poﬁ}tryfﬁrbducers grefheld 1Egallyifespbﬁsibleli,Feédlot

' waéte ﬁana8eﬁent muét“déal Witﬁfthéw?C0nbmics’ofﬁ@énuré'utilization*or
disposal. The valﬁefper unit weight of manure is relatively low for
.any utiiizatidn,optioq; Becausé'ménﬁfe is Bulky énd.often'high in

moisture, transportation costs increase rapidly with distance., More



often than not, the transportation costs exceed manure utilization or-
recycling value (Stubblefield and Smith 1964). Economics esseﬁtially_
limits manufe utilizatién or disposal to the'immediéte viciﬁity of the
production site{

‘Manure may be recycled at the production site as bedding or
litter or proceséed and recycled throﬁgh animal ration to recover
nufritive food enefgy_(Animal-Science ReSearch-Di?isiOn 1971). However,
manure from pathogenically'infected~animals may;contain pathogens»andlf
direct ré£éedingi0f these manures ﬁay‘é?ébée feéipient aniéals to
‘disease, Andthef.élternatiVefmay bé:utilizaﬁion'as'ah gngféy source
=.by~bufning Or‘ﬁethane generaﬁion (Daié*1971); ?Aithough~écén0mic~and'--»
technoiogical aspégts.presentlyilimitvUSeuof:manﬁre,aé-an,eﬁergy source,-
1 manuring may;be:mgre_attraqtive ih-thé_future.:_'

' Manure 'utiliz,at.icvmr as afsoi_l‘-éénd‘iﬁioner ’»and fertilizer, when
spread’ and incorpqrated'into the soil, is’probably‘the mosﬁ §ersatil¢
solptioha Manuring not oﬁly;buiids séiiforganic~matter andﬂtilﬁh;but““ﬂ7
“also ‘furnishes all inorganié.nﬁtrientéquSential;f9r~plant;growth;
(Peterson,sMcCalia,*and Smith.1971)3r waever,=manufeS~aresnot:usually,

' 'completely,balénqed»plant”nﬁtrient_sburges,but maylréquire éuppiemental
nutrient additions or may supply certain nﬁtrienté in ﬁdxic 1eveis
(Meek et al, 1974).

| Bécause manﬁreé are‘Variable; Physical ana chemiéa1:pfbpertiesiwA
should be known before applicétion to agriculturai landS‘fofrmost ef~
fectivé management ;. Feedlotiﬁanure is usually. collected ﬁith a blade
or Scoop loader;: If colléctéd.from concrete flodfs;vmanurérmay be.

relatively free of dilutents. . However,-when,collected from-naturalh _



floors, as much as 50% of the material collected may be underlying bed-
ding, litter, soil, sandland gré&el. Manures reflect these dilutents in
particle size distribution, moisture éoﬁtent and density characteristics.
Manure chemical COmposition varies not only with the type of

livestock or poultry operation (Table 1) but alsb.from feedlot to feed-
lot for a given type;of'operation withig a specified climaﬁic region.
Comparison of'manure;chémicai cdnstituents.(Tébles 2, 3, 4, and 6, see
p; l5 ) from four deéert SouthWegtUbeef cattlewfeedloﬁs'isﬁevidénée‘of:'t‘
ﬁhis variability,

| Wherever dryfland o; ifrigated agﬁicu1tufe§is practiced,'soilr'gf
salt balanées'are«criticél forfsoii strucﬁﬁre'maintenancevand~p1ant~
growth, Steef ﬁanures'of the~desért-South§estftend«td-be high in
soiuble salts, ranging from»S.SO td 12.IOZ, ‘The”£0pal salé cqntent may
&ary with the quanﬁity of urine incorporated intq ;he manuré,A:Potassium>
.mayrdeinatefand exceed sbdium intthé‘sbiuﬁle salt_fiaetion; partiéularly'
iﬁ‘manure fromrunpaved, out-pffdodrs.feedldts where pdllecﬁion:may iﬁ-»I
cofporate“undérlying,materials@ftEiimination of.ﬁfree-choice” salt . . ..
(Naél) feeaing may reduce manure;sodiug-cohtent‘(Meek'et al. 1975). .

~Nitrogen and phoSphofus“in manqréS;afe-ofifertilizer_value, :

‘as Ebése primary nutrien;s are required'in~;elatively 1arge'amognts by .
plants, Total nitrOggn and tota1~phOSphofusn-valuésrrepOrtedrin
Tables 2, 3, .4 ”and~6;(p,;15)grange{ffomvl,625 to 2,39O%‘and7O327 ﬁorl.SO%,V
respéCtiVély. Meek et al. (I975),stéte thatiﬁotal:feédlot:manure.- |
nitrogen content varies with animal.diét managemeﬁt»and.that.approxi-..,j
mately 82-90% of that nitrogen méy exist as.organic forms.. Micrb;

biological degradation gfaduallynminefalizes organic nitrogen to



Table 2, Some chemical characteristics of feedlot,steer manure
- from Tucson, Arizona in 1975 (oven-dry)

Constituent - %

Organic carbon R -': 25,00
. Ash 37.00
Soluble ioms o . 12.10
Na . - o 126
K - 1.50»'
ca SO . 1.72°
Mg . | . o »V, 0.56
Total N.- . o 2,39
‘Total P DU : | L 0.80- . -
Trace elemenES' : ‘ : _ o
Fe - | . 0.5660 .
Mﬁ_' I ' o o "'0;¢159
- S . 0.0067
cw - 0.0032
Pb | o . 0.0015
Co. | | | 0.00QS
Cr : ‘ 0.0070

NG S ' ©0,0042

1 . .
Amoozegar~Fard, Fuller, and Warrick 1975



Table 3. _SOme'chemical{characteristics of feedlot steer manure
from Phoenix, -Arizona in 1964“(0ven~dry)13“'w '

Constituent : %

Ash ' N N 20.00
Soluble ions -  - ‘ - _ ' v' 6}10~,.;
Na . | | ~0.50
R | - o 1.93

Ca : | i‘ | - 0.12

Mg i o 0.08
Total N o A W /.

Total P 7 1.30

- stubblefield and Smith 1964 :



. Table 4, -Some chemical characteristics of feedlot steer
' manure from Brawley, California in 1972 (oven-dry)

Constituent %

Organic carbon . 63.70
Soluble ions o o 10,00
Na | IR
kK. B S
ca R | .:,- 2.80
Mg'. AR - - 1.53 -
Total. N~ | 0 1.98
Total P = - | .  - . E d<27
vTrace.elements . : » o

Fe ‘ : ' o 0.4800
Moo —_— 0.0153
m 0.0
cn . 0.0030
B o B | o 0,0137'

RN o 0.0009 - -

;Meek et al, 1974.
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leachable, élant-available forms. Biological reactions do not influence’
phosphorﬁs or other’mineral constituent losses appreciablyQ- P:ecipita-
tion reactions tend to keep;phosphorus in decomposing manures or Within
the éoil volume of incorporation,

Manure trace element content may be:SmalI butvnot insignificant.
Although manure may supply many micronutrients at beneficial levels, -
manure may supply lithium,orgborqn at toxicflevels for certain sensitive
plants;

Properxﬁanagement'is'ésséntiélAfor'ﬁanure'épplicatibnffé soils.
‘under’ crop production., " Salinity hazard due tb2the addition of high,
amounts df éodium and botassiqm-in manure-is,élways-presen#;andeéar~
 ti¢u1ar1y acute in:semifanidfahd afidvclimates;f_Ammoniaﬁtoxi¢ity?t§ o
plant~1ife*is;anothér prob1é@¥(Mﬁ;phy'et ai;°l972)gvaS'are lithium' and
boron foxiéitiés. Even-so,'all‘of_theée problems,may-be*overcbmevwith:
prope;,méﬁure applicationjﬁaﬁe;virrigatibn,bsbil_management and'foier-

ant erop selection,



CHAPTER 2
THE EXPERIMENTAL PROCEDURE

The literature is fraught with manuring experiments to deter~
mine fertility benefits and~waSteuﬁtilizatioﬁ,br disposal guidelines,
The exéerimentation reported here, hoWEVer,’ié uﬁique in tﬁat the'ma;
hureloadiqg rate raﬁgé extends to rates far in excess ofithose gsed in

previous studies.

‘ Objective: ;“

TheAspecific.abjéctive of this/reséarchiis to determine .the
efféctsmqf.steer%ménure:loading rate'aﬁd{cr0pping pattern upbn'soil
fertility:stétus,."EvaluatiOn,of;thejsoil'ﬁertility_analysis:is two~" !
fold-ifo evaluate manure loadiﬁg‘rate-aéplication tqvthe soil
(l)qfér;optimal~fertilityfbeﬁéfit aﬁd~(25'£of:maximum maﬁure,ﬁtiliza-j

tion or disposal as.a waste management alternative,

-~ Materials and Methods: -

§2£l"
The field experiment site is locétéd on the eaé?ern haif'of
'Field’A—l at the Unive;siﬁ§ of Arizdna-Agricultdral~Exp¢rimen?;5tati6n T
at Méréna, Arizona;(Eiguréfl);::Grabéploam;?a ‘deep, wéllidréinéd,
.flood-piain soil,'predomiﬁates-the'fieldfsiteiidesﬁ,'Hendricks;'énd'
Pereiré.(l978) classifieéwthe»Grabe’épilhééfieé in the coﬁrsefloamy,
mixed, qa1cafequs,.thermicufamily'of the Tﬁﬁic-To?rifluveﬁt subgroup.

11
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The surfacé'texture of the field site éoil'is clay loam, com-
posed of .37.4% sana,73356%’Silt and 29.0% clay and.averéges 46-50 cm in-
depth (Pereira 1971)f The brdwn, clay léam, surface soil is underlain
by stratified loam,>sil£ loam or fine silt 1oam Subsoils{v The profile
‘is mode?ately alkaiine, pH 7.78-7.83, and generally calcareous but free
of'a.lime accumulgtidn layer or caliche. |

Soil characteristies of the composite Ap Hdrizon (0-30 cm) from
‘field A-1 are pfeseﬁtéd{in Table 5, 'The native ofganic carbon and

_COz-solubleVphosbhbrﬁs-Values.for,the'surface-3O'ém ofvsoil_Were~fairlyﬁ-:

uniform throughoutrthe,sitevaveragingr0;387%“and{1,75:ppm,'respeCtively;Jt-~»f

Manure

Tﬁeﬁféédlot stéef4manure*used in-thevfield experiment camevfrom :
la large, high-ﬁensity?ﬁoﬁuiétion, commercial opération in- Red Rock,
Arizona. ‘Compafison'of chemicai.characterizations5(Tables 2, 3;‘4_an&
- 6) indidéted thatVthe c6ﬁstituent;coméosition and.ngtriEnt.valuenwere _
>fair1yfrepreéentétiQer§f~dé8ert,éouthwesﬁern-feediofasteer manures, ..
ihé'soluble ionngalue;’SQBO%;:however;'feil)at'the'lower énd_of the
range, Of ﬁhe ﬁ¥éce elements &étermiﬂed, irbn and;manganese were-ppe? .

ponderant with values of 0.6700 ‘and 0,0219%, respectively. -

Indicator Crop

Sudangfass;~an éﬁnuaifgra§s Weiliadaptedvto_the.desért Southwest?v
IWas chosen asstﬁe~soiléﬁﬁtrient;indicétoffcrop;VjBéCauée‘é vigorous, - |
.soiid~Stand'of.Sﬁdangra;s{exhibitS'a spongeélike-ébility tb absorb vir-
tually alllaﬁailablé.nﬁtrients?'fhis grass is considefed a reliable in=-

dicator of soil fertility status,



Table 5, Some characteristics of
- clay loam soil from the

the composite Ap horizon (0-30 cm)
field site (A-1) at the University
of Arizona Agriculturalexperiment'Station at Marana, .

14

Arizona ' :
. A
Characteristic (oVen-dry):-’. : ppm -
. Soil paste pH range: 7.64 ~ 7,83
v : mean: . 7.78 _
Total organic carbon (C) range:- ,10.3174540;486f*
mean: 0.387

Tétél dissolved-salts  range: . 693 ~ 861
' mean: - - . 807 .-
COZésoluble;phoSphorUS;(P)f_range: _'1;10 - 2,10
; : . mean:”

1.70




Table 6. Some chemical characteristics of feedlot steer manure
' from Red Rock, Arizona applied in June 1974 to the
loading-rate field experiment (oven-dry)

Constituent ) ' | %
Organic carbon ' ' - 49,99
Soiuﬁle ions ;b | 5.30
Na. - o o 0445

K - ERIR 1.52
ca | o S 2.24
w o
Total N - , 13
Total P - IR 0.47
Traceuelements>- : LT
Fe - . | | o 0.6700
Mn: | | o  0.0219
Zn'_ ‘ ,  , ' ‘;  ‘ . £ 0,0106
Cu’ | . | 0.0027. 
Pb | | 0.0025
Ca _ 0.0042
Cr » I ‘, 0.0171
N | . 0.0092

1Arti‘olaéFortuny 1976
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:Experimental Desien
The experimental design included the following parameters:
1. FalioWedvof cropped, -

2, 0, 44.8, 134}4,'178.2,4224 énd,448 metric tons per heétareA
(mt /ha) steer manure loading rates: (on a dry-weight basis),

3. _Fouf replicationé pér'ibading rate.

" The individual plots within each reéiication-as wellvas:the repliﬁaticns
within thevfal‘IOWédr,_o%::‘..crbp'pédj. séc_tibﬁé’were laid out in a ‘mo.dified ran-
‘domizéd block'désign to minimize the effects of hatﬁrél”soil'féftilify
of textqrai«vériétioﬁs.upop yielﬁ;_.The-48=plot 2 % 6-2]4)»ek§eriﬁental
layout is illustrated in Figufe'Z; ‘There was a.four-row buffer between
fallowed énd cropped sections, Each of the 48 indiViduai'plots wasf  :

eight rows or 8,12 meters wide by 21.34 meters long., Soil and .plant . -

‘samples were taken from.subplots. centered within each individual ploti, .-

In effect;-thén;~eé¢h,Sampliﬁg_plot~was:buffered'from-thefrest~intanf

attempt to minimize sampling-error due .to soil fertility.gradations.from--#'f

border oveflap effects caused75y manure rate application o&erlapvor
vtillage-operations;?;Ihefsampiing:plotstere th:ee;rows:or'S.Oé metersﬂ

wide and'13141_metersbldﬁg.  ﬂ 

 qr9ppi§g;Hiétory _>
The field eiﬁefimeﬁt was bégun in July; 1974, when commercial
steer manure from a'Redeock;:Arizéna.feedlét'wés applied to the ran-
doﬁized plots'aé theiprescriBéAVratéé,=-Thé'manufe Wasiaépliédlduring<~
the period July 4-throuéh’Ju1y 12, 1974 and incorporated into the soil

to a depth of 15 cm.
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Half of the plots were left fallowed, that is, uncultivated and
unirrigated, for two years. The cropped plots were planted with grain
sorghum (Sorghum vulgare) on July 17, 1974. Henceforth, the cropped
plots were double-cropped alternately with grain sorghum and barley
(Hordeum vulgare) for two years. Cultural practices were standard,

commercial-production techniques used in the irrigated desert Southwest

for grain sorghum and barley. The grain yields were harvested by com-
bine and removed at maturity. Crop residues were reincorporated into
the soil.

The first crop, sorghum, was severely stunted and did not pro-
duce grain. The successive crops produced grain dry-weight yields as
reported in Table 7. Analysis of these yield data indicated that,
after four croppings, soil nitrogen may have been deficient for the
production of a vigorous grass stand on the cropped plots. Therefore,
1oo lbs of NHsNOs fertilizer was applied broadcast to all fallowed and
cropped plots prior to planting the soil-nutrient-indicator crop.

Prior to seeding the Sudangrass in July, 1976, soil samples of
the composite Ap horizon (0-30 cm) were collected from all subplots in
both fallowed and cropped sections. The soil samples were analyzed for
total organic carbon (C) (Black 1965). CG”-soluble phosphorus (P) was
extracted from soil samples as described by MeGeorge, Beuhrer, and
Breazeale (1935). The Murphy and Riley method according to Watanabe
and Olsen (1965) was used for colorimetric measurement of the
Coz2-extract. The chemical analysis data of the soil parameters are

presented in tabular form in Appendix A.



Table 7.

Harvest
Date

12/1974

6/1975

12/1975

6/1976

Fuller

Grain sorghum and barley dry weight yields

from four crops

grown on clay loam soil of the cropped section after re-
ceiving

1977

2815

4131

218

steer manure at various loading rates”

Steer Manure Loading Rate mt /ha
44,8 134,4 178,2 224

kg/ha

-- --No Grain Yield —

4152 5520 5466 5621
4536 4905 5484 5529
381 1065 1392 1687

448

4385

4740

3584

19
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The Sudangrass was planted broadcast on all fallowed and cropped
plots over 100 cm beds. The planting technique produced a solid, non-
cultivated stand of grass. The grass was grown to the booting stage and
sampled August 2, 1976. After sampling, the grass was cut and removed,
A second sample was taken September 14, 1976 at the same growth stage.
In both instances, the Sudangrass was sampled just prior to booting when
growth, nutrient uptake utilization are maximized.

Field-green and dry weights were recorded for both samplings
from fallowed and cropped sections. Moisture content data for all sam-
ples was determined from field-green and dry weight data. In addition,
all samples were analyzed for plant nitrogen (N) content using the
Kjeldahl method (Black 1965) and for plant phosphorus (P) content using
the spectrophotometric molybdovanadophosphate method (Kitson and Mellon
1944), Total nitrogen (N) uptake and total phosphorus (P) uptake data
were calculated from dry weight data and respective plant nutrient con-
tent data. The tabular data of the various plant tissue analyses and

plant parameters are displayed in Appendix B.

Results and Discussion
This section presents the data graphically as histograms and the
discussion of the relationships of the various soil and plant parameters
to one another and to soil fertility as influenced by steer manure load-
ing rate, Statistical treatment of the data includes analysis of vari-
ance at the 95% confidence level to test for significant differences
between rates, harvests and cropping pattern. Separate correlation

analyses, also at the 95% confidence level, for the two harvests show
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a difference in the number of significant correlations between the
various parameters from one harvest to the next, supporting the intuitive
feeling that the correlations of the first harvest may be different from

those of the second harvest.

Soil Parameters

The soil analysis data for both total organic carbon (C) and
Co2-soluble phosphorus (P) content of the composite Ap horizon are sig-
nificantly different by manure loading rate as well as by cropping pat-
tern. General differences and trends from rate to rate and between
fallowed and cropped sections for the soil parameters are readily
discernible from Figures 3 and 4.

Total Organic Carbon. The mean total organic carbon content,
0.387%, of the experimental field soil prior to manure application is
lower than that of the non-manured, fallowed, control plots sampled two
years later. Since no organic matter was added to the control plots,
the difference presumably is due to residual weed growth and wind-
transported crop residues from neighboring fields. Even so, from the
reported range of native organic carbon levels from the experimental
field soil (see Table 5), 0.49% is not unreasonable and seems repre-
sentative enough to be assumed to be the base or native level for
further discussions. That other mean data values are larger than the
control value, 0.49%, for all rates of fallowed and cropped sections,
further supports this assumption.

The organic carbon levels reflect manure loading rates in both

fallowed and cropped sections, even after two years. In both sections.
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the organic carbon content.for,the 448 mt /ha-rate is about three times
that of the O mt/ha-rate. The total organic carbon content of the sur-
face 30‘cm of soil is statistically gfeater for the cropped section than
for the fallowed section,rat all rates. One may surmise that this ef-
fect is due to reincorporationrof crop residues from the four grain crops
produced -on the-croéped séction,

COp~soluble Phbsphofus (P);_‘Evenrthough'the mean soil CO2-

SQlﬁbléfphosphorﬁs COptént, l,l7ﬂppm, of the.non~manured,:fallowed,_
' :c§n£rol plots;is 16wer after tﬁQ:yéaﬁslthan the'mean.naﬁive lé?el-ofiv-v
the:éxperimenfal,fieldiprior-toibeginhing~tﬁe experiment; one must as,~~
"sume=thgt‘l;l7’pm fe?resénﬁs the nétivésievel”fOr subsequent-discqu
sidns, Soil COp-soluble phosphorus data for both,félloWea_ahd croppedu;_
" gsections “follows. the same tren&ﬂas-thevotganic7car50n data,ﬁincreasing~ :v
significantly Wiﬁh_increasing'manuriﬁg réte;,ﬂThe higheét.raﬁe;shoWs .
substantiélly more COz-sofublefphosphorué;‘about’fdrty-times.aS“much
for both cropping patterns, than the no’ménurebrate; The.aPParent re-
latidﬁship of soil COz-éoluble'phosphprus.to ﬁanUriné'rate indicates -
'>thét phoséhorus"seems to-remainain thévdé@oﬁéoSing manure with very-
little, if any, leaching.

" Grain crops, such as grain so?ghum:and ﬁarley, generally re-'
quire 1argernQuantities.of_phosphorus forfgrain.production than’non;-;
grain produc;ng,crops; »Theréfo;é;>since crbp residues were |
reinéorporated after grain harvgsting,,one may.expect,fhe.soil
CO2~soluble. phosphorus 1evels £b be:lowetuiﬁ.the cropped séction than

in the fallowed section, at any given rate, by the phosphorus.content
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of the harvested grain crops. The data Suppdrt‘this proposition at
all rates., |
Although statistical analysis does not'correlate total organic
carbon with séil Cdz-soluble phosphorus,.thé :elationship between these

parameters ‘seems undeniable, -

Plant Paréﬁétérs

The datavinélude field~green and ‘dry weight yield, moisture
content,. plant tissue content of nitfogen ahd phpéphbrus and total -.
uptake of nitrogenmand phosphorﬁs parametéfs fo£>twO_samplings-ofrthe.-
Sudaﬁgrass indicator crop. for both.cropping Pétterns,; Thenfield-gréen-J*
and dry~weight«yié1ds;éré méasures ofianﬁﬁéiéplént“growth'and~reflect‘
all ehvironmentalffacﬁors, ‘Initialiy,;annuaLAPlaﬁtfgrowth:or-yiéld‘i:_w.""
érocegdsArapidly;ﬁO‘a-certain~leVel»agdﬁthén;fas-thélplént?approachess[;fj
méturity; increases.by'successively Smalleruingrements,vcharacterizing;:”:
the-“gquth:curve}": Assumingwall~§ther faﬁﬁé?s;areifavorable;_§0i1~ﬂ -
solﬁtion‘nutrieﬁf:éoncentratians_asnweli:asﬁfhe&sdil‘s:ability”#ojsus-nv’
tain compdnent:nutfieﬁt levels during cfoppingistrbnélyﬂinfluences%
' yield*parameterswi.Elént tissue.nutrieﬁt-gonten;:(nittqgen.and’phps~'*
phorus)aparameters»are»an expression of nﬁtfignt}aVaiiability orirela-'f
- tive soil;solution‘concentration:of those nﬁﬁfientsvatfthevtime'of
sampling,v,Plant;tissﬁeknutrientqcbntent;:dépenaing on-@any factors,
" such aé nutrient:feéﬁiremeﬁﬁ 6f accﬁmuiatiqn;-ié:arrelative pérameter'
not always weil;felated ﬁo yield, Dry weigﬁt déta aﬁdvpiant tissue -
hutrient content data_c0mbine t0-genera£e totai.nutrient uptake data,

which mayvbest“rePresent'the-soil's~ability»tOTSupply'a,nutrient”during
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a given growth périod; Together, the relationships among field—green
and dry Weight yield parameters and total uptake parameters provide a
"handle'" for soil fertility evaluation and ma§ serve as the major plant
parameter criteria for further discussion., |

' The numerous plant parameters ought to be‘extensive enough to
furnish considerable information about soil nitfogen and phosphorus
fertility and furthermore, a general indicatidﬁ*offoverall soil fer-
tility status. However, because the data aré sémeﬁhat cumbersome to
analyze, discussions and anaiyses by rate, harvest and cropping pattern
may facilitate the evaluation of the data. 1In addition, preseﬁting fhé
data in hiétograms, Figures 5 through 18, may_éiﬁcidate‘the underlying

trends and relationships among the various parameters.

_AnélySis:by.Rate;”.Analysis}of:va;ianéég}by&rape;,indicates R
significant'diffé#énces for ali fallbwed‘andféroéped-section plant
parameterslé2cep£5fa110wed-secti0n,piant phOSéhOruSccontent;  One,may:;f'r
expect yield‘and total'ﬁptake parameters. (Figures 5, 6, 9 and 11) and
overall soi} feréility ofAboth cropping pattern sections to reflect.
.manure léading rate or total organic’carbon content;_és an index of
substrate from-ﬁhich many nutrients-may beComq:plantwavailablemvia
organic matter decomposition over .an egtended number of ;roppinés. The
yield and,totél,ﬁptake parameters~o£ the'first harvest bf the fallowed -
section do nqéféeemrto follow,manuring rate but apééar-té.bé governed, 1'
by some grthhfdepressing factor;-wIncfeasing_plant”nifrbgén conteﬁt}as
rate inCreaéeévin the first-harvest, falloWed-seétion'data.(Figure 8)

may indicate increasing soil-solution nitrogen concentration or, but
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not necessarily, nitrogen accumulation by.fhe crop, Irregardless,
plant nitrogen content during the firét growth of the fallowed section 4
is undoubtedly a function of both manure loading rate and pre~plant
nitrogen fertilization.r Plant nitrogen leyels-of the second-harvest,
fallowed»section—remain.fairiy constant despite manure loading rate
-increaées, reflecting nitrqgen fertilization effects., In both har-
vests of the cropped seétion,ﬂplant nitrogen contént appears'to.fdlLOW“ 
loading rate, The 100 1b NHQNO3,fertilizer application seems,tq’in-
fiuence'the'first;haféestgbcropped-Sééﬁion, plantvnifrogen contenf
levels more at the lower manufe ioédiﬁg rates thaﬁ ét the highef rates.
At the highernmanureﬁloadingfrates,»rafe“Seems to bethe predominant -
"influence dpon sdil=nitrogentfertility'levels,*,In spiteiof‘thé'éigé’
,nificaﬁt difference'by,rate for the.plant phbéphorus content (Eigure
10), this parameter'seems—to:Véfy litflé,or'even decrease-with in-
creasing rate inAthg fallowe&fsection but increase:ﬁith increasing raté
in the cropped section; 'Tha£ §1ént phosphbfus-content-dbesAnot~appearuf
to be,coﬁsiderébly differenﬁ as rate varies Whilé total pﬁospborus;up-;-
take”gndfyieldfinCreaSe with-rate seems to indicate that~eveﬁ the 1oweé;
plant phoSphorus content ievéi.m;y be sufficient fog cfoP nutritioﬁal
requirements and maximum yieldé,r Analagous reasoning mé& be anralter--
native eXplanation to_similar nitrogeh and yield parametef relation-
ships”of'the;secopd-hérvest,‘fallowed;section‘data; Notwitﬁsténding
tofa1~phosphorus upﬁake—and»éoil COZASoluble phosphorus content -may -
both be indicators ofnphosphofus avaiiability-and»appéar-tq=be sig=
nificantly corfelated*With*one'énother,.statistical analysis.doés not - -

significantly.correlate these parameters. Although overall soil



fertility seems to follow manuring rate or soil total organic carbon
content, there are no significant correlations of any plant parameters

with total organic carbon content of the soil,

The fertility bemefit or apparent fertility increase as manure

loading fate increases, as evidenced by increasing yield and tota1 up~
take parameters (Figures 5, 6, 9 and 11), appears to be optimum near
the 180 mt/ha rate for_Eoth crépping,péttérns;  Manuring' rates above
iSO mt/ﬁa-dO»nOt appear to befcf»ghygaddit;oh§1<benefit; that is,.-
vield and total;uétake parametéré da_nét inéféase,étlﬁanufiﬁg_rétééi

in;exceésupvaBOfmt/ha;.'

Analysis by Ha:vest.{ A comparison by-harvest of the various

- plant parameters- for both cropping patternS?indicates*similaritieé'6r

differences bétwéen'thefharvestsd} Plant'pafameter differences by har-

vest may reflect changes in plant. growth character or in soil.fertility
status., An example of the former may be the:change}in,plant_moistureA

content from first to second harvest (Figure 7). The calculated, mean,

mbisture content differences of the sudangrass are’3;15”aﬁd‘3.98%ﬂgreét-r”"

er in the first growth than in the second growth for the fallowed and
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croppe&;treatments,frespectively.c“Higherfmoiéturefébntent‘and’highér71'

plant'nitrogen content during the first growth may be manifestations of

plant succulence, -associated with juvenile g:owth. - Plant parameter dif--

ferences. between harvests may, but not always, reflect charges in-soil

fertility as nutrients are removed by*cfopping-or soil equilibrium. is. =

.changed.over.a:period of time;ﬁ-Underﬂcfopping_conditibns,wsoil fertil=~ -

ity levels.often change, usually decreasing as the season .progresses
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‘and nutrients are utilized or-removea from the root zone. All plant
parameters repdtted excépt plant phosphorus content, for either cropping
pattern, are significantly‘different-by harvest;-probably‘indicating
somé change invsoil-ferfility étatﬁs. _However, sﬁatistical treatment
does not reveal the nature of the difference; that is, whether a param-~
eter increases or decreases from first to second harvest. Figures 5
throughall~illusﬁrate that differén;es-by-harveStvmay be  better related
by cfopping pattern, 'Therefore,ranalysis'of the nature.of ‘the plan£.5f
pa?ameter differences by harvest ma§ be more #elévaﬁt if presented~»j

according to cropping,pattern;lthat is,'fallowedgversuSWcroppeﬂ

Fallowed Section. - The-ﬁpperfhistograms-pf Figures'S‘througH 11
show thejparameter tfends;by haryest.fdr thefféllowedisection.~'One méyf-
'expectiyield;fplant ﬁitrogen cqnteht=and total- uptake péfameter>valués'
of the first-harvestitO'beasimilar,to-or greater tﬁan*thbse of the
second harvest in #esponée to the mqre.imﬁediate'effect of the pre;‘
plant,nit;ogehAapplicaﬁion;gnd.thenslqwer_hutrientvcontribution ef~=
fects-és orgahié_méttefidécbﬁébsesﬁﬁﬁOniy]plaﬁtAnitrogen conﬁent'
follows*thiszpattérn,aprobéblyrindiéétingﬁdeclining‘soil nitrogen L
availability as the croéping season progresses._-The.yieId aﬁd.total

uptake parameters do mnot éupport»thefexpected nitrogen-fertilization.
growth response, greater Yiéld,and.COnsequgntfgreater:nitrogen_and
phoéphorﬁs uptake, by the first grﬁﬁth; The yield énd total uptake
parameters (the:upper grééhs-of Figﬁ;es 5, 6, 9 and 11) increase sigw
nificantly during,the.second3growth:indicating‘either-a ratherisudden

increase in .soil fertility during: the sécond-grthh or plant growth
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inhibition by a transient soil factor during'the'first.growth, A sudden
increase iﬁ sbii fertility levels seems unlikely since no fertilizers or
amendments wererapplied bétweén harvests, nor were any cuitural prac-
tices changed. If the second-harvest datévmayrbé éonsideredAa truer
representation of soil fertility or-poteﬁtiai:yield ana'totai‘uptake
values for a soil uhder.SoutEwestern,_irrigated, production practices
.than~thé5first-harvest'data;{then, some soil faqtof'is sﬁppfessing<
these da#a,éatametérs in,theufirst»harvest;

 The-most_1ike1y.soi1 factor~thétaseems¥tolfitrthe~data.mayybe
salinityvéffeéts éue to salt‘aqgumulation, ;Tﬁe ovargli effects of-highV
salinity,éfe géfﬁihation reduction,andfgrowth inhibition.f‘When salts . -

are added:to soil as‘a constituent of manute, one expects-salt accumu~ -+

lation.andgsalinityjeffectSrto=increase»in'pfoportion“to manuringlrafe.f.f'i‘

If thé sécond-hgfvest data may be assumed to be an«accurate:indicati§n5
ofAyieldgpéteniial,Athe‘detrimentéi salinity}effécté;épparently,offsef
the expected;beneficial~éffects'of.ﬁanuringg;that,is,:higher_yiéldsyin
the first HérVes#; In fallowed 1énds:solub1e-salts doAnot.tend:to move-. -
downwafd.withoﬁt_precipitation of irrigation,.fUnder high evaporation
conditiops,éf arid climates; salts ténd to.concgntrate near the soil
'surfacé.r Theféulturai pfactice of ”bedding up"- for furrOW-irrigation
further accentuates salt accumulation near-thé soil surface of the-bedsf
With’Proper ifrigati§n management , saliniﬁyAeffects éré transient»and-” “
diminish‘as:éalts=léach downWardfwithfirfigation”and:crop rOoﬁé grow oﬁt
" of the surfaée-sélt accumulafipn zoﬁe}

of thé two,harvests, the second-harvesﬁfdéta séemé,to be the

better indicator of soil fertility status under croprpfoduction
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conditions fer the fallowed’cropping pattern., By the second harvest,
the data shows minimal, if any, growth-inhibiting of yield-depressing
effects of salt accumulationm, ‘Also, the nitrogen fertilization prier>
to seeding does. not appear to exert any discernable influence upon yield
or total-uptake data during the'second growth,

Cropped Sectiomn. . Statistically significant differences exist

between harvests of the cropped section for all plant parameters.'VThe
lower histogtamsrof Figures 5, 6, 8; .9 and-11 show that‘the.differenceS'. -
between.harﬁests-for yield plant~nitregeanOnteﬁt and- total uptake
parameters‘result from decreased parameter levels of the second harvest.
After two years of double-cropplng w1thout fertllrzatlon other than
: manurlng;'one anthlpates low soil nitrogen:fertility due- to crop re- .
mox.z;allﬂ9 1each1ng and- denltrlflcatlon,.espec1a11y for the -lower manure.
loadinénrates whlch may be depleted- sooner,. The - data trends support
the predlctlon that the 100 1bs NH4NO3 per plot appllcatlon prior- to
plantlng would produce a greater growth response, as ev1denced by 31g-”5
nlflcantly hlgher yleld and total uptake parameter values. in. the flrst
growth than in the-second-growth' Although plant phosphorus content.
(1ower graph Flgure 10) appears hlgher in-. the second harvest the-dlf-
ference between harvests for this parameter is not statistically sig-
nificant._,Irregardless;'the_crop appears to be well enough sdpplied'
with phospherus to satisfy'crop demand”and”maintain'plant:ﬁutritionai'
Balances,r | |

By-the:trme~of»thefsecond-sampliag, nitrogen-fertilization:f~:

effects are not discernible. ‘Indeed, of: the two harvests, the
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second-harvest, cropped-section date seems to be a truer indication of

s0il fertility status for a soil under crop production,.

Anaiysis by Cropping Pattern. In this section a comparison of
the fallowed-section plant parameters to the cropped-section plant
parameters_may elucidate‘thé effecfs of cropping patterﬁ, either-doﬁble;r.
cropped or fallowed for two years, upon soil fertility status. The'pre- 
» viéuS'discussioﬁ.suggests~that,~for'both fallowed and crbpped'SéctiQné;J
fﬁévfirstfﬁarvest daté'may not be as.representative as the secdnd-;
'*ﬁafVegt-daﬁa for soil fertility eﬁéluation undervéroductionvCOnditions;
'»Durihg the first growth, the fallowad?sectién_parameterswappear to-be . -

~influencéd by salt»accumulation-effects;'sNitfogenﬁfertilization1efhi“"

fects or'higher;nitrogen-fértilityJundoubtedlyginfluence.firsfsgrowthf S

'paﬁametersfdf‘bothvcropping*patterns;‘LFuttherﬁore;:there afe*more»sigé

.nificant correlations ‘beétween the various-.plant parameters-of ‘the second.: -

" harvest than of the first harvest. - Positive correlations.at-the 95%

confidence level-include.field-gréen with dry weight yields, drywweightf%;rﬁaf

'yieldbwith total ﬁitrogen'uétake, plant nitrogén content with tbtal‘ji'
'fﬁitrogen.uptaké,ﬁplénﬁ phosphbrustcontent»With-tota1~pﬁosphorus uptakeT—;
and Eotal:nitrbgencuptake.with total -phosphorus u?take, ~Ihe correla-
tions‘seem to indicate that the trends of the various plapt parameterZ
data.of both.éfopping éatterns are more -similar in the second harvest,
.as .may beﬁapparent:from the lower graphs of_Figures 12 through-18, If
se, the éorrelatioﬁs suppbrt'thezpropoSition'thatgﬂéf the two-harvests?-‘
k,_tﬁe second Earvést-data for both fallowed and cropped Ereatments‘may be
»thérbefterfindicator;of'soil-fertilityistatué of 'a soil under irrigatéd,?T*

agricultural production, Ergo,'the,compérison of fallowed section to. -
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croppea section to determine the effects of cropping pattern upon éoil
'fertility-Status agfter two yearéﬂprincipally utilizes the second-harvest
data,

'Analysis of variance of the,second~harvest data estimatés sig-
nificant'différences between fallowed and cropped sections for all plant
parameters. . The lower graphs of Figures 12, 13, 15 and 16 show that the
cropped-section field-green»and dry weight yields, plant nitrogen con-
Vtentfahd total nitrogen uptake.véiueé-are~lower'overﬁa11~ratés thanrtﬁe -
corrésp0nding fallowed-section values, .Thaﬁ.the'croppgd-section=plant"-‘”
nitrogén:coﬁtent and - total nitrogen uptake are 10ﬁer over all rates
seems to indicate less soil-nitroéenuaééilability~in.the-croppedfsec?'
tién,r'The mgan moisture content.(figure 14) of the’croppédhsectionf
Sudan‘g»rasi-sﬂ is 3.35% lower than that of the fallowed-section, "wh'ichv_'r'nay o
feflééﬁ‘lower?droppéd-éectiOn'planﬁ nitrogén~cdntent'and succulence;
Sin;eaareationnand cﬁltivation_strong1§Iiﬁfiuence therrate of organic
maftef;biodegrédationiand Subsequehﬁ oiidétionicf,organic.nitrogen forms
to plant-avaiLabIeAinorganicfforms,uone;mgy-expeét more- inorganic nitro-
;ggn»to-havefbegn;rgleased from the:organié;matter:during,two yearé of.
cultivated.doubleecropping tﬁandering two 'years of non-culﬁiyated,
nén-ifrigatedAfallowing. Furthérmoré, iffé~éropvcanndt utilize all of
Vthé planﬁ-avéiiable nitfate,releasedffrom the:organic matter dégradation, 
'thisuinﬁrganicﬁfOrmwdf~nitrogen?isfSQSCéﬁfiblé*tQ"Ieaching;'deniﬁrifiéa- 
tioﬁ.andfﬁolafiliZation'1OSSes,a Therefore,:éveﬁ-if mostléf the crop+-
removed ﬁitrbggn.is reincorporated :into thé:soil,fleached:df
volétiiized.nitrogen may account foriappareﬁtilowe; crdppedpseCtion soil -

nitrogen availability. 3Soi1,nitrogenfdePLEtionaseems.tO'be more
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appareﬁt for the lower_ﬁenure loading-rates. Plantfohosphoros content,
on the other hand,.is generally higher over all_rates in both harvests
(Figure 17) for the‘cropped_section than for the fallowed section, even
thOugh soil COZ-SOIuble phosphorus levels are 1ower_over'ell rates for
the cropped section., The soil COZ-soluble phosphorus content data of
soil sampled aftet-the previous crop does not include nor reflect the
orop residue'phoshhotus1bontent that may become availahie from subse-
qoent crop reS1due blodegradatlon,3.Anothereexplanationfforuhigher plant-:
phosphorus 1evels and p0331b1y hlgher s011 phosphorus avallablllty for
the cropped-sectloh may -be better cropped#sectlon-tLIth=resu1t1ng from -
',-higher»organic&mattEr contentﬁover all-rates;:wBetterﬂtilth’oSually
,oromoteS»moreﬂextensive;rootidevelopment,wwhiohwis'impotteht‘in.plantx
ecquisition;of relativeiY:immobile nutriehts sdchﬁasiphosohorus;'
Finally, hlgher cropped section: plant phosphorus content mey result from;
a. better developed root" system than- the no doubt. sallnlty 1nh1b1ted or
stunted fallowed sectlon root system, as ev1denced by the fact that the
i fallowed section iS<bEEter»SuopliedfWith~theﬂmobileﬁnutrieht, nitrogen, v
while-beingulesstweilssupplied=Withtthe}immobile‘hotrient, phosphorus,
Vthanﬁthe cropped sectton..bThe-ptobability that all-of these'effects
exert a combined influence-upom-plahtzphosphorus content and.soil
phosphorus~availability[seems most likely. Therefoteg;aithough-the
plent*phosphorus:content;&ata may be statisticaliy-diffetent=by-cropping"
b ~;§attern;‘the'differehcesﬁmay;notAbe-significantlyjihpottentito the crop
'With respect'to,yieid”end'total'phOSphorus uptake,5espetia11y<if:one
cohsiders that the meximum-range of the differences hy'oropping pattern

is only 0.07%. That the total phosphorus uptake is significantly
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different between fallowed‘and ctopped section is difficuit to discern
(lower histogram,uFigure 18),»hMoreover,4simu1taneous comparison of the
first-hatVeet:ctopped data ahd the second~harvest data for both falloued.
end-cropped'SeCtions.affords the'impreseiOn thet the total phosphorus
uétake léveisfand trehdé~ate,fairly analagous for all three sets of aata.;

The lowerveroppedfsection field-green and dry Weightvyieldedata,
as a-functioh-ot~overail soil fertility status~ indicates lower soii

~fert111ty for the cropped sectlon than -for the. fallowed section at any AR

'.g;ven loadlng:tate, Lower-. cropped-sectlon ylelds may 1ndlcate that
'vdeSpite statisticaladlfferencesaby ctopptng patterp,ain.plant-phoephorué”ftjff
content;hﬁfcropptngﬂpettern;:Whiie~totaldphOSPhotueauptakewlevels;ehdf;:
..tre‘hds seem -js:izﬁil‘a_t :--for b.‘oth cropping: ’;Pat-tern,.sv,- SO.il-".phosp:h'orus-;év.a_il.-
abilitY?ie;Suftioient}fOr'htghervCropped-section~yields:than-achieVedfﬁx”
and is-not: the cropped sectlon, yleld llmltlng, fertlllty factor, If-
- . totak- phosphorus uptake 1evels and trends ‘are .assumed to- be: analagous
h‘£0r1both>cropp1ng;patterns;”the-obv10uslyxiower-cropped-sectlon totala o
iAnttrogen uptake and yleld 1evels -over. all rates,. as Well.as the strong~‘
pOS1t1ve correlatlons between totai nltrogen ‘uptake - and yleld trendsA
seem to 1nd1cate that the lower cropped-sectlon ylelds are prlmarlly a
result Of‘eorreepondihgly lower soil nitrogen-availability and'feftility.,
Two'years of cuitivated double-cropping.Q0u1d~cettain1y affect a sotl
“nitrogen fertlllty reductlon of" thls nature,

The long term fertlllty beneflt of menurlng may become appatent
‘by comperlng;the fallowed-sectlon, non~manured, controlfrate yield and'.L
totalgnitrogenAupteke’1evelszwith4the~corresponding'pafaﬁetervleVele-ofr

the cropped~section manuringerateslat'or above 180 mt/he, Even after
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double-cfopping for two years, the cropped-seétion rates near or-above
180 mt/hé_sfill méintain soil-fertility'to prodﬁce yields at about the
séme levels as the-nonrmanured{ fallowedfplots, which represent the

native soil fertility level,

Conclusiéns
1,. ALl.manure;loaﬁiﬁgirates,may pose a potential salinigy hazard. .
' 2,.>Manﬁre'loading.fates ﬁp t6_about;18Q mt/ha appéar:to-inéféase“”
soil“ferﬁiiiﬁy;benefitfo%'Cropvyieldgﬂforbboth ctoppiﬁg.pattefné;’*’
3,“;Mangfing ra@gS‘ovar-infegééss:of'léo}mt/hé—mainpéin soi1"fé£~j’
yrtiiit§ stétﬁ$whear>§f_abové na£ivé-soilLfertilityflevels, éfeﬁtl
léftér,twogyeérs‘Qf-déubiencropéiﬁg{Jﬁ-.' ”
L, ;Afﬁe;‘ﬁwb.Yééfs%ofidéuble~¢r§ppiﬁg;Q;oii-fertiliﬁj~statu$¢isf~'~'
'- géné£élij1§Wé£;ove¥zail]%étés;thaﬁ_gfté};tworjeéfs>§f;f;iio§%~
 iné;;{. | |
»5.,>é§ecificgliy, afte; tWo;years,offdouble;cropping,:lbwervorvdej:'
3‘ p1etgd’soil&hitrogen;fértili;yEétatﬁs:Seems,to,be'the principie
- 'yifeld-»l.imitingffferj;»i-lit'yff-éct;qr,7. wh_i_iv-e...,soil, phosphorus fertility

statusvseemSuSufiicien;Qforgboth?propping,patterns,



. CHAPTER 3 -
 RESEARCH APPLICATION

Economics essentialiy;gbverns modern commercial agricultural-
production. Commercial farﬁ managemént seeks to maximize economic
profit’By increasing yieias While simultaneously minimizing production
coéts, ~Fertilizatioﬁ.écon@miés'demands tﬂat}fertiliZeré be chosen ahd“':-
‘ applied~§n a ﬁinimai;dbStﬁper'ﬁnit_nutriént or¥yie1d‘Bénefit basis ..
since maximumAprofit is obtéiﬁed*wheﬁ the added yield’returﬁ just:eqﬁals
the cost of.the”laSt.incremeﬁ£ of fertilizer, -Manure?buikineés;iQari—r
ébility-in moisture and nutfientrcont?nt,'generally“low1nutrient'anal-
ysis and‘unbalanééd ﬁutrienﬁlléveis résult in comparatively.high,labpr 
and handling.costs per;gnitafeftiliéer benefit, reducing its competi=
tive econoﬁic‘value.' Recent farm budgéting.iﬁformatiqn (Hathorn aﬁd
Ciﬁff,1978)ffor commerciai*agricultural-productioﬁfin sOutheésterﬁw
AriZona'illﬁstrates;theaeépnomié.nonqomﬁétitiVeness ofvmanure'as»éom—,"-
mercial fertiliZér,, The budgeﬁldata“énables direct-éost éomparisdn:of
"steer manure versus inofgahic.fértiiizér for the cropping system'usedEw;
in this research prior to the soilvfeftility evaluation, |

The~soilvfertilityianalysis indicates thét'the 180 mt/ha steer .
manure loading rate may.pfovide“oétimal long~term ferfilityfbenefit for
two years of shall“grain dOubIe;croppingr(two crops of -grain sorghum
and two crops of barley); iBésed’on'ﬁathOrn and Clgff's 1978_Budgepbdata;'
the cost for the 180 mt/ha ﬁapure fer£i1ization is about $830/ha, while 
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‘athe céﬁbiaed cost .of inorganic fertilizéf fertiiizatian for two crops
‘of grain ‘'sorghum and two crops of,bariéy is about $260/ha. Commercial
farm.managemént simply cannot justify more'than tripling fertilization
‘input cost.by using manura instaad of'inofganic fertilizer, particu- :
iarly Wﬁen operating undar‘present-daj, marginal, economic profit con-
ditioms. Furthermore,'potential hazardsAand management problems make
'manuring’evea less attractive to cdmmeraial agriculture.
N By the.same token, economicsaéféate;a;conéiderabla;waste‘disF -
3i§o;al‘pfdblem for'commerCial'feedlot'manageméaf; ,Howavéf,.maﬁuré dis- -
' posal and recycllng as’ fertlllzer in-a. cropplng‘system onAadJaceat-
laaféage ﬁay be. more economlcally attractlve to feedlot management than: e
'ato”commercxal”farmwmanagemen;, ManarefutlllzationTlnchls»mannergserVesi
'tQQ-;Purrpose.s - Simul'taneouslY"‘-manur»é ‘disposal and soil: fertilization for -
»maximum yield'production of~crops;whichacan.béMQSednforianimal consﬁmpgz
tioa.jaThe keyafactor is :hé;transportafianwdistance froﬁ the feediotl
_ﬁd ;he utilization site, If feedlot management allots acreageAadjaceht
’_ta-tha feedlot'for‘manurearecyclingwiﬁ“aacropping system,,transporﬁationvaj-
JaﬁdJSPfeadingmcosts may be minimai,whiia fértiiity‘benefitS’may:bet
o'étimala | | | | | | |
Soil and propping system managément”tééhnolbgy is available to

deal ﬁith potential haéards that may arise:frOm steervmanura.loading.
‘rates as high as 180 mt/ha. Under-irrigated,agriéuituaal pfoduction,
thorough  manure  incorporation into-thé#édil;uflat-bed»planting,ﬂa*-
heavy preiplant irrigationAand tplerant crop:aélegtion are management
"tpractices that may.substantially teduceypaﬁeﬁtial seed garminatiOn or

seedling damage and losses due to salinity, ammonia, lithium, boron or
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other mic:onutrient toxicities. Undef dry-land agricultural productioﬁ,
however, such high steer manﬁre loadihg rates mayvnot.be advisable since
the quantity and timing of preéipitation réquired to leach the poten~
tially hazardous manure constituents~are-not,predictable;

Finally, crops may éccumulate;nitrate‘when grown on sbils con=
.ﬁaining'nitrogen in excess of plant,nutritional requirements, as may bé'
ﬁhe.case with heaﬁily Manuredaéoils;f?Althoﬁgﬁ.nitrate accumulatipn may
ﬁqt be_ihjuripus.ﬁo theAcrop,fhigﬁﬂléiéfs*ofaplant’tissue ﬁitraﬁe:mayf ;7'ﬂ
;}éauSe ﬁit%éfe,poisoning whénvfedégoflivésﬁoék;(Bradley,-Eppson, and»7  
Beath 1940, and Davison "19'6_6)";' Even though toxi_city levels of plant
material ﬁitrate'qoﬁtent r63u1§ing fr6m-high-ménuring rétes.are,includ¢§ 
1inﬂth¢_iiterafﬁre;;there:is littigfégféement5upbnrs§e¢ific-tbxiéity“vélé
ueé,'which'seemrﬁo vary with animéi sé¢cies.: Limiting soilbsulfur éup-
Ply may~a¢céntuatebnitrété accumuiati§n’in'plant tissues.(Odelieh 1963).
Odelien. (1963) concludes_thatvthe.danger 0f-anima1 nitrate poiscping
,may'be.minimized~ifjthe'perceﬁt.total~nitrogenAto percentAtQtal sﬁlfuri_
ratioj(N:S) in_the’plant:matefial isnmainﬁained-bétWe¢n~IO:1 and 20:1 -~
by'adequate~su1£ﬁr'fErﬁilizationy:rAhothér alternative for .redueing the:
' aﬁimal'nitraté=poisoningwﬁgtentialiof_ﬁegdsnp;odpced on heavily‘manuréd
'soils is dilﬁtion with otﬁer feeds:that do,noﬁ contain potentially toxic-rf

levels of nitrate,



APPENDIX A
SOIL PARAMETER DATA

Table A~l, Total organic carbon content of the surface 30 cm of
: clay loam after receiving steer manure at various
loading rates and fallowing or double cropping for

two years
Steer ﬁanuréi __Replications B N
Loading Rate 1 1L 11 IV  Mean
mt /ha . - -. : Cams : e S
' >Féliowed : o )
0 O 0.56. < 0,57 - 0.40. - 0.44 .- 0.49
4ba8 0.5 0.61 . 0.55 - - 0.51 10.56
1344 - 074 0.83 0,75 0,78 0.78
178.2 ©0.80. . 0.86 -~ 0.86" 0.93. 0,86
26,0 - 0.98 ° 0.93  0.96 -  0.96. - 0.96 -
48,0 - 1,27 151 - 1.60 - 1.44  1.46
| | Cropped | :
o 0.6 0.56  0.51 0.57 0.58
44,8 o 0.76 . 0.77 0.65 ~ 0.79 0.74
134, 4 092 o0.84 0.85  0.91  0.88
178.2 0.3 100 1.07 1.00  1.00
2240 1,08 1,10 1.16 1.06 1.10
448.0 . 1,560 1.56 - 1.50 142 151
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‘Table A-2, Soil COg~-soluble phosphorus content-bf the,Surface-
~ 30 cm of clay loam after receiving steér manure at

various loading rates and fallowing or double

cropping for two years

55

ications

- - Steer Manure - Repl _ L Mean: -
. Loading Rate . I TI. TIT v
" mt/ha’ ‘ - P--ppm
0 1.00 0.85 . . 1.63 - 1.18 = - 1.17
44,8 vg,ﬁo 10.98 2,95 0.90 . 4.83 -
134.4 13,18 13.50  10.75 155637. 13,27
178.2 20,88 22.50 24,50 20.33 22.05
224.0:.1: 25}25 28,75 . 29,25 31;50~7 28,69
4480 50.50 | 46.50-.  33.50 »40,38 42,72
Cropped
0 10.93 0,50  0.95 -- 1 0.79
4.8 5,00 3.00 - 6.00 3.20 4,30
1344 9.75 5.83 . 7.88. 6.00 7.37
178.2 13,00 ° 14.83 19.70 - 16.75 16.07
224,0 20,13 23.25 .. 25,25 19.88 . 22,13
448.0 41,00 49,63 - 36.88 - 40.13 - 41.91




‘Table B-1.

APPENDIX B

PLANT PARAMETER DATA

' Field-green weights of two samplings of Sudangrass

grown on clay loam after receiving steer manure at
various loading rates and fallowing for two years

Steer Manure.

- Loading Rate

mwt /ha

Replications

Il

g /m”

CIIL -

. Mean.... ..

N 4‘40 8 »:

178,20

2240

 448,0.

s
134.4
ves
2240

548 ,0

1820 -

. 2255

2195
1875 .
2300
2460

2770

3110,

4930
4115

4470

‘Sampled 8/2/1976

15507 .

11970

1_680; e

1745

1840

2200

2525

16457
2390
2050 -
2140
-2560_‘”'

.’Sagpled 9/14/1976

2050

2510
2060

3190

3410

. 3955. .

2620 -
2070 .

3260

3510

3780

3800

1750 -
2070°
2300

2500

2590

2570

2100

2430

3240

2900 -

3490

3685

Cisa7
;1913A”'
.71996,  .
2146
2201

2489
: zéosr"'

2445

2918

3633

3699 . .

13978
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Table B~2, Field-green weights of two samplings of Sudangrass
: grown on clay loam after receiving steer manure at
various loading rates and double-cropping for two

years

57 .

- Steer Manure

";? LQadingaRateg.

- mt/ha

_Replications:

AT, I

IV

Mean

_ 44.8

13444
17802
224,0 -

" 448.0.

s

1344
178.2

2240

.448;0

1490--

1980

2640

2800

2390

1300 -
1440 ;,:»
1770
2470 ¢
2675

2330°

 Sampled 8/2/197

1770
1770
Vi850 o
S 2510
a0,

7 3290°

1808
11935

12675

2450

- 3200.

2575 -

" Sampled 9/14/1976. -

- 590

810

11780
1990
12330

2345

740

1330

1400
2850

2980

2700

6 s
- L7200

1860. -
12300
2670

3070

940 .- . -

1630

2380

2940 -

2430 .

:680  ,

" 1697

1886 .
2336
2568

3030

2671

828

1130 -

1650

2235

2591

2579




Table B-3,

Dry weights of two samplings. of Sudangrass grown on
clay leoam after receiving steer manure .at various .
loading rates and fallowing for two years

Steer Manure Replications . S _
Loading Rate I I, IiI v Mean
mt /ha .,g[m: o
Sampled 8/2/1976 . o :
0 176 . 183 252 . 266 - 218
Ll 8 210 204 - 188 296 225
134.4 1741:r 194 . 181 262 223
178.2 228 - 168 201 240 209
224,0 208 222 ~251 284 246
4480 223" 287 185 310 251
. Sampled 9/14/1976 _ '
0 349 243 395 299 . 322
44,8 351 340 313 363 342
134.4 398 - 321 ° 445 451 : 404
178.2 631 443 463 534 518
224.0 624 474 468 490 514
448.,0 578, 558 509 - 410 514"




Table B=4.

Dry Welghts of two samplings of Sudangrass grown

two years.

- on clay loam after receiving steer manure at
various loading rates and double-cropping for

,,597

‘Steer.Manure . .

Loading Rate ;

mt/ha

' Replications =

1T TTIL

 .g/m?”

IV . -

Mean - .

44;8311{-u-~ 

1344

A TE

224,00

448.0.

448
1344
178.2
224,00 -

448.0

241

- 368

313 .

315

10
267
319 .
7288 
370 -

415

L2817

' sampled 8/2/1976:3
29 208 |

240"2>ff -'349a:fw*ar
272 320
 131§,1}.715_245uuﬂf
o1 ;f,;;”343r
404 f,fgf3121°

 Samp1ed 9/14/1976

136, 174
: 188 227

261 | 246

198 420

367 . 443

280 - 350

37
2563f
73Z6t°'
'362f1
428 .
288
o
o

229

362

251

414

i
2282;:"
. 32277,
,}i$23}-~-'
S37L

176
231
: 264V
‘317
358

365




Table-B~5, Moisture content of two samplings of Sudangrass grown
: on clay loam after receiving steer manure at various
1oad1ng rates and fallowing for two years

.;» LiétééfdMahﬁre fj';f; o 7'5Rep1ications' _ e e e e
-ﬂLoadlng Rate e Lo I ITT . IV - Mean

_ . . . Sampled 8/2/1976 . . . -
o - 90,32  90.71 -~ 84,80  88.61

f} 44,8 190.69 f 87.86 - 88,57 85,70 -  88.21
134,4.... . 88,72 88,88 92,43 .. 89,48 . 89,89
178.2 « = 89,61 -~ 90.87 - 90,19 90,407 .. 90.27 -

224,0 . 88,91  89.91 .  87.34 89.03 - - 88.80

448,0  90.30 ' 88.63 92,77 87.94 - °89.91 -

o | Sampled 9/14/1976 S
o 85.81 - 88,15 84,89 - 85.76 . 86.15

s . 87.33 86.45 . 84.88 . 85.06  85.93
1364 87.20  8h42 86.35 86,08 . 86,01
178.2 ~ 87.20  86.11 86.81  81.59.  85.43
224,0 . 84.84. . 86.10 . 87.62 85.96 86.13

448,00 87.07 85.89  -86.61 88.87 87%11




Table B~6., Moisture content of two samplings of Sudangrass grown
: on clay loam after receiving steer manure at various
loading rates and double-cropping for two years

Steer Manure - - _ . Replications o ‘ o
Loading Rate I 1T IIr - v Mean
mt /ha H,zO*"% -

| S Sampled 8/2/1976 < .. - . . ' ,
o . . - 83,82 . . 84.80 . - 88,50 - . 86.22- 85.84

s - 85.81 8644 8196 86,24 85.11
1344 = 85.40  85.30  88.04 . 85.83 86.14
178,2‘ 5 iffl; 85.34 57;41.»'_ 90.00  87.72  87.62 .-
i 224.0“'[[1]f5,; 88,82 - 86.85 89.28 . . 87.92 . 8823
468,00 sé;sz.wf>87;72.~ 87.88 . . 88,15  87.64
R | . Sampled 9/14/1976 o
0 . 86.15 - 76.95  76.49  68.82  77.10
4.8 8L46 7679 82,93 7436 78.89
136.4 81,98 8534~ 82.43 - 83.25
178.2 88.34  90.05  85.26  77.79  85.36
224,0 86.17 84,25  85.13 89.45  86.25

448.,0 7 82,19 '88;06 87.04 85.92 85.80




Table B-7. Nitrogen content of two samplings of Sudangrass grown
on clay loam after receiving steer manure at various
loading rates and fallowing for two years

© . Steer -Manure o :>i; ' _ Replications S -
Loading Rate’ oI : I1 IIT Iv ' " Mean
mt/ha- . o N~=% .

A ...~ . sampled 8/2/1976 ' -

o . .. 1.82  T.31 1.82 1.80 1.69
44,8 . 2,09 2,10  1.34 o1.81 1.84

. 1344 . 1.84  2.20 . 2,08 1.98. 2,02
178.2 . <235 0 2,23 1,92 2,03 2.13
2264,0 - 2.32 1,90 2,01 1,95 . 2,05
4480 2,31 1.88 . 2,13 1,91 . 2.06

SR © Sampled 9/14/1976- . - - ..

0 - . 1.43 1,55 1,39 1.23 1.39
44,8 . 1.49 1.46 1,30 1,34 1.40
134.4 - 1.5  1.48  1.37 1.27 - 1,42
178.2 - 1.36 1,53 1,33, 1.41
224,0 1,41 1.45 1.49 1.47  1.46

C448,0 - - - 1.59 . 1.50. 1.39 - 1.62 - 1,58




Table B-8., Nitrogen content of twofsamplings;df‘Sudéngrass grbwﬂ‘;i"

on clay loam after receiving steer manure at various
loading rates. and. double~cropping for two years -

SteervManure:,_ ;: 7 Replications SRS
Loading Rate - I Ir-. - III c IV " Mean

mt/ha L o e . VN"»".c/o

. : - "Sampled 8/2/1976 T
0 : 1.45. 0.99 1,23 . . 1.39 1.27 .. -

4k 1,290 1,20 1,130 1.290 1,25 . e

'134;4 _f ;v 1200 1,200 133 096 o 1170

sz Las L9 . L3e 123 128"

224,0 113 L.ss 138 L.3& 1;3512-
g0 175 1.73 '1.71 : 1,50 1.67:

: e Saleed 9/14/1976 R
0. B 01.260 - 0.92 . 0.87 .. 0.76. - 0.95

’44,8.1; 1-16-,f 0.99 - L.14 _'1.1o’-f‘:'1;1§ S
134.4 128 1.7 0 1.3 120 1.7
178.2 - 1.33 . 1.4 1.3 1.39 1.37
224,0 L6l 134 1.4 145 L.

448,0  © 1.66 1,57 1.5 © 1,49 1,56




Table B-9. Total nitrogen uptake per'square'meter.of two samplings'
: - 0f Sudangrass grown on clay loam after receiving steer
manure at various loading rates and falloW1ng for two

yvears

Steer Manure'.— : - Réplications_, e i _
Loading Rate e VT o O IIL 0 - IV .- Mean

mt /ha : o gN/m

S : Sa;pled 8/2/1976 L
o - - - 3,19 - 2,397 - 4,59 .. ,,4.79 3,74

s 438 428 2.52 lf=ﬂ  5.3 414,
134.4;f¥~=a,517f 3;20‘4;;34;26 - yu’s;sérig?v; 4,79- - 4,52
178;27’-~_”;77x> 5;35- 3;74~35_:“3;87‘§34 '4;875;~" 446
2240 E 1:" _f‘4.82 o426 5.46:Jf-1- 5.52 5;01'
448.,0 . ';7, _5.15 5,40 '_.3.94 ff:»»5.92.'- 5.10

. _ : Sampled 9/14/1976 -
o0 4097 3,72 4,83 3.66  4.30

Cws 5.3 498 4.06 . 4.88 4,79

Cses 622 475 6.1 .. 573 570
178.2 - sl a1 7.10 6.74
224.0 8.79 ~ 6.88 . 6.97 7,21 7.46

448,0 - - 9,21 8,40 . 7.06 - 6.63 7.83"




Table B-10.

65

Total nitrogen uptake per squaré meter of two samplings

of Sudangrass grown on clay loam after receiving steer
manure at various loading rates and double-cropping for

two years

‘Replications

6,16

Steer Manure "V” e
Loading Rate T 1L , IIL v - © Mean -
mt/ha . : gN/m
 Sampled 8/2/1976 | |
0 3,51 2.67 . 2.57 3.29 3,01
4.8 3.62 3,11 3.92 3.30 3.49
1344 - 4.41:. . 3.26 - 4,27 3.14 3.77
178.2 s.21 3780 3.8 Goh o 418
224.0 553 6,200 474 5,95 5,06
48,0 5510 7,00 5.34 4,32 5,55
e . sawpleao/renieze .
0 2.26 . 1.25 1.52 1.61 1.66
44.8 3,00 1.86 2.58 2.65 2.5
134.4 410 2,78 2.79 2,75 3.11
178.2 3.84. .. 2,81 5.61 5,04 . . 4.33
224.0 5.97 492 6.36 3.64 5.22
448.6_ 6.88 4,40 - 5.30 5.69°




Table B~11,' Phosphorus content of two samplings of Sudangrass
: grown on clay loam after receiving steer manure

at various loading rates and fallowing for two

66

 years
) _rr;Steer Manure B » Replicaﬁions L S -
Loading Rate - ' - L~ I I1T. - IV - Mean
mt /ha - : CPe=% . :
| ’ : Sampled 8/2/1976. S o :
0 0.08  0.09 __ 0.10 0.08 - -~ 0.09 -
ks 0.07 0.08 0.07 0.08  0.08
134.4 1 0.07° . 0.08 0.08 - 0,07 0,08
1782 0,08 0,08 .~ 0.08 . - 0,09 0.08
224;or73 ' 0,08 0.09 0,09 0,09 0.09
. ws.0 0.10 0.8 009 0.09  0.09
- Sampled 9/14/1976 T :
0 0.08 0,09  0.08 0.07 - 0.08
44,8 . 0.10 0,07 = 0,10 0.09 0.09
: 134.4 0.08 . 0.10 0.07 0.08 0.08
178.2 -- 0.07 0.07 0.08  0.07
224.0 0.08 0,09 - 0,08 0.07 0,08
448,0 0,11 - 0.08 0.07- 0.09 . 0.09:.




Table B~12,

Phosphorus content of two samplings of Sﬁdangrass
grown on clay loam after receiving steer. manure
at various 1oad1ng rates and double cropplng for-

two years

67

Steer Manure .

' Loading Rate
mt./ha-. .

Replications - °

SIT .
. YP_;%_,

- IIL.

1V

Mean

4k,g

S134.4
© 178.2
zzéuo'm

448.0

44,8
1344
1-178,2 -

224.0

- 448.0 -

0,09

0,12 -
0.11 -
0.10- -

0,13~

-0.10...

0.12 .

1 0.13

0,12
:0'1315

0.09

Sampled 8/2/1976 o

‘fd.osff.

0,09
0,10
 .;6;09;ff;-
0.09-
16,11*7
: 0,11

Sampled 9/14/1976 . .

0.10
'fQ;QQ 
016
0.5
qarzﬁ»

O;iQ-
136412__;
0.14
0,18
'0612; ,

‘ O;ii-f¥:

0.10.

1 0.13

0.15

0.12
0,12

0,13

B 0107>95
= 6.12"'
3.0;12-;p'
0,14  ~¥:
0,12 -

010
10112 |
'-6;12
0,11
 0;12”

- 0,11

S0.107

0,120
0,11
__0;13;.,1
0.10
0.12

. 0.13

0.14

0.12 .

0,11

0,09

“o.120




Table B-13.

Total phosphorus uptake per square meter of two -
samplings of Sudangrass grown on clay loam after
receiving steer manure at:various 1oad1ng rates

and fallowing for: two- years

68

. Steer Manure’

: Replicatidhsxaf :
Loading Rate - IS IT IT1 Iv Mean -
mt/ha | gP/m”.
o _ .r_f,jSamp1ed 8/2/1976 N _ -
0 0.14° 0.16 0.6 0.21 0.19
44,8 0.15 " 0.16 0.14 " 0.260 0.17
134.4 0.12 . 0.5 0.23.. - 0.16 _0,1}"
178.2 0.19  0.14 0.16 0.20  0.17
220 0.18°  0.20 . - 0.23 . 0.24  0.21-
"a448;o 0.22  0.26 ‘_o,i7 028 0.23
| A_L Sampled 9/14/1976 , |
0 0.27 . 0,22 0.32  -0.22 . 0.26
44,8 0.37 ~ 0.23  0.33 0.33 0.31
134.4 0.30  0.31 0.32 0.39 0.33
178.2 - . 0.31 0.34 0.41 035
224.0 0.48  .0.43 0.40 0.33 0,41
448.0 0.61 0.4 0.37 0.39

0.45




Table B-~1l4,

Total phosphorus uptake per square meter of two
samplings of Sudangrass grown on clay loam after
‘receiving steer manure at various loading rates

and double-cropping for two years -

69 -

' Stéer Manure . — TReplications .
Loading Rate I i1 . 2:III Iv.” Mean
mt /ha gP/m
_ _Sampledv8/2/1976_ _
0 0.23 . 0.24 0.22 -~ "0.17 - . . 0.21
'44,8 0.23 - 0.23° 0.31 .0.32° 0.28
134.4 0.44 . 0.25 - 0.45 . . 0.38 . 0.38
178.2 T0.46 70 0,27 0,37 - 0,50 . .0,40 .
- 2240 .0.32' L 0uh4 . 0.40. Ad.so L 0:42 -
| 448.0. 0,40 - 0.45 - 0.40 Ao.42‘ 0.42
| Sampled.9‘/14:/1976- e
0 0,17 0.13° 0.17 . . 0.2v 0.17 .-
44,8 0.32  0.22  _ 0.29 0.29.. 10.28
134,64 0,27 ,7 0.36 0.38 0.26 0.32
178.2 0.34, 0,37 0.52. - 0.41° 0.41
224,0 047 0.46 0.54 0.31  0.44
448.0 0.360 0.31 0.44 . 0.45

0.39
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