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ABSTRACT

Minimum tillage pradices used in dryland croppng systems that reduce soil water evaporation
anderosionmay aso deaease dficiency of manurenutrient utili zation. Weiniti ated astudy in 1997
to investigate the dfeds of surfaceapplied stockpiled and composted bed cdtle (Bos taurus)
manure on soil N and sorghum [ Sorghum bicolor (L.) Moench] and whea (Triticum aestivumL.)
yields and N-uptake within awhea-sorghum-fall ow dryland croprotation. Paired terraceswith no
tillage (NT) and stubde-mulch till age (ST) systems were main pots of a single rotation plese.
Stockpiled manure, composted manure, or commercial fertili zer (urea + anmonium phosphate) were
applied prior to sorghum planting to suppy estimated N and P requirements of sorghum and whea
for a 3-yea period. Phaspharus-based manure or compost treaments also recaved supdemental
urea Unfertili zed treament chedkswereincluded for yield and nurient comparisons. Sorghumgrain
yield in 1999exhibited a significant (P < 0.05 resporse to till age and fertili zer treaments. Plots
recaving ureahad 226 greaer yield and 168/ greder N-uptake than manure and compost amended
plots. Moreover, manure and compaost sorghum yieldswereno dff erent or slightly lower than those
of the unfertili zed plots. Whea was a good scavenger of residual N acawmulated throughou the
fallow period athough grain yield was not affeded by N treatments and till age. Residual NO,-N
after harvest and N-uptake were significantly greaer under ST as compared with NT. Till age may
be required to maintain higher minerali zation rates and permit amore dficient use of manure N.

INTRODUCTION

In many regions dominated by animal-based agriculture, confined animal feeding operations
generate large quantities of manure and animal-by products that must be properly managed to
minimize or avoid dff siteimpadsto water bodes. Land applicationisthe most econamicdly viable
dternative to utili ze manure and manure by-products. Manure utili zation as a nutrient source for
crops is hampered because its fertilizer equivalency may change over time axd the nutrient
avail ability depends on the manure and soil charaderistics as well as biologicd and chemicd
transformations within the soil system. Moreover, prolonged appli cations of manure with low N:P
ratios can lead to P loading and increase the potential for excessve lossof P in surfacerundt.

Difficulties with manure use for dryland crops in semiarid environments may be further
compouncaed by shallow or no-till age pradices employed to retain surfaceresidues and conserve
storedwater for crop production.Incorporation d soli d manuresusinginversiontill age may improve
the efficiency of manure nutrient utili zation bu forfeit benefits associated with minimum tillage
pradices such as reduced evaporation, soil erosion, and rundf (Jones et al. 1999. Alternatively,
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manurethat is read andleft unincorporated will elevatesoil phaspharuslevelsnea the soil surface
andincrease the likelihood d excessve P lossesinto surfacewaters (Smith et a., 200).

Weinitiated astudy in 199 7o investigatethelong-term eff eds of surfaceappli ed stockpil ed and
compasted bed cattle manure on soil nitrogen and phapharus, grain yield, and crop ugake within
awhea-sorghum-fallow dryland croprotation undger NT and ST environments. We present results
pertaining to thetill age and manure dfedsonsoil N and dant uptake of N for al rotational phases
in 1999and 2000.

MATERIALSAND METHODS

The study was established in 1997 orsix contour-farmed level terraces on Pullman clay loam
(fine, mixed, superadive, thermic Torrertic Paleustoll) nea Bushland, TX with an average aanuel
predpitationof 476mm. Terraceshavebeen cropped under awhed-sorghum-fall ow rotationsince
1988.The terraces are managed under no-till age (NT) or stubde-mulch till age (ST) (Jones and
Popham, 1997 such that al phases of the rotation are present under ead till age treament every
yea. The study areahad a baseline 8.35(NT) and 8.13(ST) g kg™ organic cabonfor the 0-30 cm
soil depth increment with C:N ratios averaging 10.3.

Six fertility treaments were established within a randamized split plot design with three
replicaions within ead till age X rotation phase wmbination. Experimental plots (13.5x 30 m)
withineachterrace nterval weresubdvided with eathen bermsperpendicular totheslopeto prevent
rundf from entering plots. Fertili zerswere goplied orcefor eat cycle of therotationin June prior
to sorghum establi shment. The six treamentswere: (1) bed feedyard manure gopliedto provide 134
kg total N ha' (MN); (2) bed feedyard manure gplied to provide 16 kg total P ha® plus
suppemental urea(MP) (3) composted bee feedyard manure goplied to provide 134 kytotal N ha*
(CN); (4) composted bed feadyard manure gplied to provide 16 kg P ha' plus supdemental urea
(CP); (5) urea and ammonium phaosphate gopli ed at rates to achieve 108 kg N ha* and 20 g P ha,
respedively (CF); and (6) chedk with nocommercial fertili zer or manure gpli cations (CK).

Manure and compaost applicaions were made using a modified dry fertilizer drop spreader.
Stockpil ed bed feadyard manure andcommercial y composted manurefrom the samefeadyard were
colleded in the spring of ead yea. Organic materials were ground sing atub grinder to improve
material uniformity and improve uniformity of spreader applicaions. Applicaions were not
incorporated, however, some shallow (< 10 cm) incorporationwas attained onST plotswith sweep
till age necessary to control weeds after sorghum harvest andlater in therotation. Ureafertili zer was
broadcast on the MP, CP, and CF plots at the same time a& manure and compast appli cations.
Moncammonium phaosphate (11-52-0) was applied with ureato achieve the desired N and P rates
in the CF plots. Application rates for ead treament averaged acossterraces and yeas are shown
inTable 1.

Sorghum (DeKalb 39Y) was sowninlate Juneor ealy July at arate of 84 000seed ha* andarow
spaang of 0.76m with avaauum seeder. Winter whea (TAM 107) was own in late September or
October at arate of 40 kgha™in 0.30m rowswith ahoe-drill . Weed control and seedbed preparation
in the ST plots were adieved using a sweg pow with ore 1.5m blade and two 1.8m blades.
Herbicide applicaions were used to control weeds in the NT plots. Immediately prior to grain
harvest, sorghum was hand harvested from two 3-m rows and whea was hand harvested from two
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Table1.Averagenitrogen and phasphausappli caionratesby source andfertili zer tregment, 1997
2001.

N Source P Source
Treatment Manure  Commercial Manure  Commercial
kg N ha' kg N ha' kg P ha kg P ha

Manure, N-based (MN) 134 45

Manure, P-based (MP) 49 88 16

Compost, N-based (CN) 134 58

Compost, P-based (CP) 38 103 16

Commercia Fertili zer (CF) 108 20

1-m rows. Hand samples were dried in a 70° C oven and weighed to determine grain yield and
aboveground biomass After crop harvest or in August for the fallow rotation plese, eight soll
sampleswere wll eded from ead experimental plot andcompasited aaossthe0-5, 510, 1620,and
20to 30-cm depth increments. All soil and dant sampling began in 1999.

Total N and C in manures, plant tisaues, and soil s were determined by dry combustion. Soil
samples were analyzed for 2M KCI extradable NO,-N and NH,"-N (Keeney and Nelson, 1983.
Ammonium in extrads were determined using the salicylic analog of the indoptend blue blue
method (EPA, 1983. Nitrates and ntrites in the extrading solutions were determined using the
autoanalyzer - cadmium reduction procedure (EPA, 1983.

Mixed linea model analysis (Littell, 1996 with fertili zer treament and till age &s fixed effeds
and plot repli caes as randam eff eads were used to analyze plant and soil data. The diff erent phases
of the rotation represented by three sets of paired terraces were analyzed separately becaise
treaments were not applied at the same time. Orthogonal contrasts were used to determine
diff erences between groups of treaments and effeds with P < 0.05were dedared significant.

RESULTSAND DISCUSSION

Yield and Plant Uptake of Nitrogen

Whed grainyield dd na exhibit any resporseto till age or fertility treamentsin 1999and 2000
(Fig. 1). However, CF, MP, and CP plotsrecaving ureatwo yeasealier had greder plant uptake
of N (Fig 2) principally dueto significantly higher nitrogen contentsinthegrain. In addition,stubde
mulchtill age (ST) plotsyielded grainwith, onaverage, 19 greaer nitrogen contentsthan notill age
(NT) plots.

Sorghum grain yieldson NT plots were significantly greaer than ST plotsin 1999and 20001n
1999sorghum grain yield exhibited asignificant resporseto fertili zer treaments (Fig. 1). Plotsthat
recaved urea (CF, MP, and CP) had 226 greder yields than MN and CN plots (P=0.0003.
However, therelative yield resporse dueto fertili zer sourcewas 7% greder under NT as compared
to ST plots. An exceptionaly dry growing season in 2000(~100 mm) caused soil water to be
limiti ng and|li kely off set any yield resporsesduetofertili zer treaments. Total N-uptake by sorghum
in 1999wasal so significantly influenced by till age. Averaged aacossfertili zer treaments, N-uptake
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Fig. 1. Mean whea and sorghum grain yields (dry weight) for the manure, compost, and fertili zer
treaments under no-till age and stubde-mulch till age. Bars are standards errors.
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Fig. 2. Mean uptake of N by whea and sorghum from manure, compost and fertili zer treaments
under no-till age and stubde mulch till age. Bars are standard errors.

instubdemulchtill age plotsaveraged 31% greder than notill age plots (Fig. 2) despitethefad that
grain yields in notill age plots were greaer. In 2000,sorghum uptake of N was not influenced by
till age. In bah yeas, however, plant uptake of N in MP, CP, and CF plotsreceving ureawas 21%
greder (P = 0.033 than N-uptake in MN and CN plots. The differential N-uptake among fertility
treaments was approximately four-times greaer under NT as compared to ST for these two yeas.

Soil Nitrogen

Total soil nitrogen was governed principally by soil depth andtill age. When integrated over 30
cm, however, total C and N for ead till age treament were essentially equivalent. Soil NH,"-N was
not significantly influenced by till age and fertility treaments. The overriding effed of till age and
fertility treaments on soil N were their influence on NO,; -N levels. Residuad NO, -N was
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Fig. 3. Depth profil es of mean soil NO,-N in June 2000after whea harvest andin November 2000

after sorghum harvest. All contrasts of the dfed of organic (MN, CN) versus commercia urea
fertili zer (MP, CP, CF) were significant at the 0.05level at al depthsfor these data sets.

consistently and significantly greaer in ST plots as compared with NT plots for all threeterraces
throughou the duration d the study (Fig. 3). In pots recaving urea(MP, CP, and CF) residud
NO, -N was consistently greaer than levelsin plots that recaving exclusively organic N sources
(MN and CN). Comparison d NT and ST residual NO; -N levelsin manured plots (CN and MN)
four months after applicaion (seeFig. 3,NT and ST Sorghum 2000 suggest that, as expeded, ST
promoted agreder N minerali zation d both manuresand retive soil organic matter, espeaally nea
the soil surface Low residual NO, -N after whed (Fig. 3) coupged withtwice amuch NO; -N nea
the surfaceduring the previousfall ow (not shown) suggeststhat whea behaved asagoodscavenger
of soil nitrates acaumulated over the fall ow phase.

The above relationships between sorghum yield, N-uptake, and residual nitrate concentrations
suggests mineralization d N is dower under NT than ST. Hence, uncer NT, nitrogen may have
limited sorghum grain yield in 1999for the plots that only received manure or compast as the
nitrogen source. Above average growing season redpitationin 1999may have dso caused greder
losses of applied and retive sources of nitratesin NT plotsviarundf andleading (Eck and Jones,
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1992 Joneset d., 1995. However, acaumulation d NO, -N nea the soil surfacein 2000under ST
(Fig. 3) suggests that minerali zation was greaer in these plots during this particularly dry growing
Season.

CONCLUSIONS

Greder uptake of N by whea and sorghum in conjunctionwith higher levels of residual nitrates
in ST plotsas compared with NT indicate minerali zation  soil organic matter proceeled at amore
rapidrateunder ST. Plotsreceving ureahad significantly greaer sorghum yieldsandN-uptakethan
manure and compaost amended plots. Sorghum grain yield resporse to fertili zer treaments was
reduced uncer ST as compared to NT due to the higher levels of residual NO, -N nea the surface
and possbly at greaer depths. Sweeo-till agemay berequiredto maintain higher minerali zationrates
to permit amore dficient use of manure nitrogen. However, nitrogen requirementsunder ST arenct
asgrea as compared to NT dueto greaer water econamy with NT.
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