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Abstract. Cowpea[Vignaunguiculata(L.) Walp.] cover cropsweregrowninarotationwith
broccoli (Brassica oleracea L. var. italica Plenck.), spinach (Spinacia oleracea L.), and
turnip greens[Brassicarapal.var. (DC.) Metzg. utilis] to evaluatethelegume’ sability to
removeexcessP from soilswhen poultry litter wasused asafertilizer. Fertilizer treatments
were: 1) litter tomeet each crop’srecommended preplant N requirements(1x); 2) litter at
twicetherecommended rate (2x); and 3) urea at the 1x rate asthe control. Following the
vegetablecrops, cowpeaswer eplanted on half of each replication, whiletheother half was
fallowed. The cowpeaswer e harvested at the green-shell seed stage and then underwent a
simulated haying operation to remove remaining shoot material from the field. Soil
sampleswer etaken at 0—15cm and 15-30 cm depthsat theonset of thestudy and after each
crop tomonitor plant nutrient concentrations. Thecowpeas|ower ed soil test N concentr a-
tionsat both soil samplingdepths, but had no consistent effect on soil test P concentr ations.
Soil test P at the 0—15 cm depth wasnot increased by litter at the 1x ratebut wasincr eased
by litter at the2x raterelativeto theureacontrol, regardless of cropping system. Poultry
litter was effective as a fertilizer for all three vegetable crops, but the 1x rate appeared
inadequate for maximum production of broccoli and turnip greens.

Thepoultry industry hasgrowninthesouth
central United States, with U.S. productionin
1997 reachinganestimated 7.76 billionbroiler
chickens (Gallus gallus domesticus L.) (Na-
tional Agricultural Statistics Service, 1998).
Theincreasein production hasbeen accompa-
nied by a greater output of poultry litter, with
=40 million Mg of dry manure produced each
year. Many states and regions have begun
regulating animal waste disposal methods.
Government restrictions, combined with an
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increasing emphasis on sustainable agricul-
tural practices, have led to more frequent use
of poultry litter asafertilizer for vegetableand
other agricultural crops. Simsand Wolf (1994)
have reviewed poultry waste management is-
sues.

Poultry litter contains most mineral ele-
ments essential for plant growth and adds
organic matter tothesoil, making it apotential
alternative fertilizer source for horticultural
crops (Edwards and Daniel, 1992; Sims and
Wolf, 1994). Research in greenhouses and in
thefield has shown mixed resultson the effec-
tiveness of poultry manureor litter asafertil-
izer for fruits and vegetables. Cool-season
crops of the Brassicaceae such as broccoli,
cabbage (Brassica oleracea L. var. capitata
L.), cauliflower (Brassica oleracea L. var.
botrytis L.), collards (Brassica oleracea L.
var. acephala DC.), and turnips have been
successfully grown with poultry litter or ma-
nure(Brownetd., 1994; Earhart, 1995; Guertal
etal., 1997; Luand Edwards, 1994; Maynard,
1994; Ware and Johnson, 1968).

Field applications of poultry litter have
traditionally been based on the N needs of the
crops being produced. Poultry litter islow in
N, solarge quantitiesmay be needed to supply
enough N to meet crop demands. Application
of alarge amount of litter can cause abuildup
of soil P (Edwardsand Daniel, 1992; Kingery

et a., 1994; Sharpley et a., 1993), because
plantstendtotakeuplessPthanisprovidedin
litter. Theratio of N : Puptakefor cropsgrown
in the Southern Plains region of the United
Statesis 8:1, whilethe average N : Pratioin
litter is 3:1 (Edwards and Daniel, 1992). Ex-
cessive P near the soil surface is subject to
rainfall runoff (Edwards and Daniel, 1993;
Nichols et al., 1994), and may be carried to
surface bodies of water where it may acceler-
ate eutrophication. Concentrations of P must
be managed if poultry litter isto be used asa
long-termfertilizerin agricultural production.

Eastern Oklahoma has a substantial poul-
try industry and considerable commercial
vegetable production. Much of thisvegetable
production is on river bottom land that has
been cropped for many years; the Vegetable
Research Station in Bixby, Okla. isrepresen-
tative of such land. These sandy soilstend to
be adequate to high in P, but low in N and
would benefit from organic matter addition.
Poultry litter could beauseful fertilizerinthis
situationif thePaccumul ationwascontrolled.
Poultry litter cannot readily be applied at the
recommended Pfertilization rate on such soils
because little or no added P is likely to be
needed (Sharpley et al., 1993). Therefore, our
research hastaken the approach of using litter
to meet preplant N needs while seeking alter-
natives to control the buildup of Pin the soil.

Legumes tend to take up P at relatively
high rates, and so may deplete soil P (Griffith,
1974). Daniel (1934) analyzed the plant nutri-
ent content of 23 grasses and 10 legumes and
found that legumes contain an average of 1.75
times as much P as grasses. The foliar P
concentration of cowpesas (averageof 0.165%)
compared favorably with that of other warm-
season|egumestested by Daniel (1934). Bray-
P values in the 0-15 cm soil sampling depth
were lower under legume cover crops than
grass covers (Wilson et al., 1982). Winter
legumes lowered soil pH and extractable Pin
the 0-7.5 cm soil sampling depth and redis-
tributedK tothesoil surface(Hargrove, 1986).
Cover crops absorb nutrients while actively
growing, and if significant biomass accumu-
lates, the cover cropscould affect thedistribu-
tionandformsof plant nutrientsinsoils(Lal et
al., 1991).

Earhart (1995) proposed that vegetable
crops be rotated with legume cover crops to
reduce soil P accumulation from poultry litter
applications. Thisstudy wasinitiated to deter-
mine the ability of cowpea cover crops to
reduce soil P concentrations in a cool-season
vegetable rotation where poultry litter was
used for preplant fertilization of the vegetable
crops.

Materialsand Methods

A 3-year field experiment was conducted
at the Vegetable Research Station in Bixby,
Okla.,onaSevernvery finesandy loam[coarse-
silty, mixed (calcareous), thermic Typic
Udifluvent]. A split-plot arrangement wasused
in arandomized complete-block design with
four replications. Themain plot treatment was
cover crop: after each vegetable crop was
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harvested, cowpeas were planted on haf of
each replication, with the other half left fal-
low. Thesub-plot treatmentsconsi sted of poul -
try litter at arate sufficient to meet each crop’s
recommended preplant N requirements (1x);
litter at twicethe recommended rate (2x); and
urea (46% N) at the 1x rate as the control.
Thus, each replication contained six plots,
each measuring 5.4 m x 8.0 m. Each replica-
tion was separated by a 2-m alley, and there
was a3-malley in the center of thefield. The
same field was used each year, and plot integ-
rity was maintained for the duration of the
study.

Litterwasobtainedfromthreepoultry farms
in the northeastern Oklahoma area. The litter
was obtained from direct clean-outs of empty
poultry houses; thus, it was slightly aged but
not composted. Before application, the litter
was analyzed for pH, electrical conductivity,
percent water, and total N, P, K, and Caby the
Univ. of Arkansas' Agricultural ServicesLabo-
ratory in Fayetteville (Table 1). Total amount
of litter applied and the rates of N, P, and K
appliedwithfertilizer treatmentswererecorded
(Table 2). Fertilizer materials were broadcast
by hand and incorporated to adepth of 5-8cm
with a tractor-powered rototiller.

Beforeany cropswereplanted, soil samples
were collected from each plot at two depths:
0-15 cm and 15-30 cm, and analyzed for pH,
nitrate-N, P, K, Ca, Mg, Fe, B, and Zn. Five
soil cores were removed from each plot and
mixed to form a composite sample. Baseline
samples were taken on 25 July 1995, before
thefirst vegetablecrop (broccoli) wasplanted.
Soil samples were aso collected before and
after each legume cover crop and vegetable
crop. Sampling periodswill be abbreviated as
follows: T1=25July 1995; T2=29May 1996;
T3=3Sept. 1996; T4=14May 1997; T5=19
Sept. 1997; and T6 = 13 May 1998. Timing of
sample collections was as consistent as pos-
sible, but varied depending on the weather,
field conditions, and crop phenology. The
elements Ca, Mg, Fe, B, and Zn were evalu-
ated only at T1, T3, and T5, as they were not
the main focus of the study.

Soil samples were analyzed by the Okla-
homa State Univ. Soil, Water and Forage
Analytical Laboratory in Stillwater, using cal-
cium sulfate extraction of nitrate-N; the
Mehlich Il extraction for P, K, Ca, and Mg;
diethylenetriaminepentaacetic acid (DTPA)
extraction of Feand Zn; and hot water extrac-
tionof B. Phosphate (phospho-molybdatebl ue)
and nitrate (cadmium reduction) were ana-
lyzed colorimetrically using flow injection
instrumentation. Sol utionscontainingtheother
elements were analyzed using inductively
coupled plasmaemission spectroscopy (Zhang
et al., 1998).

The fertilizer 1x treatment rates were de-
termined by averaging the residual soil test N
values at the 0—15 cm sampling depth in the
eight control plots for the sampling times
before vegetable crop establishment (T1, T3,
and T5). Supplemental fertilizer (ureaor poul-
try litter) was applied at rates based on total
percent N that, when combined with the re-
sidual N levels, brought preplant soil test N to
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Table 1. Elemental composition of three poultry litter lots applied in a 3-year experiment,

Bixby, Okla?
ECY H,O N P K Ca
Application time pH  (dSm?) (%) (%) (%) (%) (%)
17 Aug. 1995 7.3 111 20.2 3.74 1.23 2.06 2.48
24 Sept. 1996 7.1 123 184 3.62 131 271 1.89
29 Sept. 1997 6.9 12.0 275 2.66 1.34 1.84 2.55

?Analyses performed by Univ. of Arkansas, Fayetteville. Values are reported on an “as-is’

basis, since litter was applied “asis.”
YEC = electrical conductivity.

the recommended levelsfor each crop. These
calculated rates for the poultry litter were
doubled to create the litter 2x rates.

Three cool-season vegetable crops were
grown: ‘Everest’ broccoli, ‘Ozarka Il spin-
ach, and ‘Alltop’ turnip greens. Commercial
insect, weed and disease control methodswere
followed according to OklahomaCooperative
Extension Service recommendations. Sprin-
kler irrigation was used as needed to prevent
drought stress. Fallow areas were tilled shal-
lowly (5-8 cm) as needed to control weeds.
After harvests of cover crops or vegetable
crops, plots were disked and worked with a
field cultivator to a depth of 12—15 cm.

Broccoli. The broccoli was direct seeded
on17 Aug. 1995 at anin-row spacing of 10cm
between seeds, in four rows 0.9 m apart per
plot. Control plots contained an average of 33
kg-ha* residual soil N. Preplant ureaand litter
Ix ratesadded 67 kg-ha* N, whilethelitter 2x
rate added 134 kg-ha™ N. Before planting,
incorporation wasdonefor thefertilizer mate-
rials, plus 2,6-dinitro-N,N-dipropyl-4-
(trifluoromethyl)benzenamine (trifluralin) at
560 g-ha™* for weed control, and O,O-diethyl
O-(2-isopropyl-6-methyl-4-pyrimidinyl)
phosphorothioate (diazinon) at 4.5 kg-ha™ for
soil insect control.

Seedlings were thinned on 7 Sept. to one
plant every 20 cm. All broccoli plotsreceived
topdressings of 50 kg-ha* N from ureaon 22
Sept. and 6 Oct. Representative samples of
petioles were taken from four plants per plot
on 130Oct. todeterminefoliar N concentration.
Marketable broccoli heads were hand-har-
vested on 23, 27, and 30 Oct. and 2 Nov. The
few nonmarketabl e heads were not harvested.
About 30 plantswereharvestedfromthemiddle
tworowsof each plot, for atotal sampling area
of 5.4m? per plot. Stalksweretrimmed to 20.5
cm from the top of the dome before the heads
were weighed.

Spinach. The spinach was seeded on 24
Sept. 1996 and replanted on 8 Oct. due to a
stand failure (over 8 cm of rain caused severe
soil crusting). Seeds were sown 2.5 cm apart
inrows0.6 mapart. Each plot contained three
4-row “beds’ (not raised). Control plots
contained an average of 50 kg-ha* residual
soil N. Preplant urea and litter 1x rates
added 35 kg-hat N, while the litter 2x rate
added 70 kg-ha™ N. Before the first planting,
incorporation was done for the fertilizer
materials, plus 2-chloro-N-(2-ethyl-6-
methylphenyl)-N-(2-methoxy-1-methylethyl)
acetamide(metolachlor) at 1.1kg-ha™ for weed
control. Disking of the failed stand necessi-
tated use of another herbicide, so on 7 Oct.,

S-ethyl N-ethylthio-cyclohexane-carbamate
(cycloate) at 3.4 kg-ha*wasapplied andincor-
porated.

The replanted spinach was too small for a
fall harvest, and was overwintered. A
topdressing of ammonium nitrate to supply
36.7 kg-ha of N plus anmmonium sulfate to
supply 18.3 kg-ha of N was applied on 10
Feb. 1997. The spinach was harvested on 15
Apr.1997. Plantswerecut by hand at soil level
from a 3-m section of the center bed of each
plotfor atotal harvested areaof 5.4 m? per plot.
Plants were counted and weighed, and repre-
sentativesubsamplesweretakenfor dry weight
determination and foliar analysis.

Turnip greens. The turnip greens were
seeded on 30 Sept. 1997 at anin-row spacing
of =50 seeds per m, in rows 0.6 m apart.
Each plot contained three 4-row “beds” (not
raised). Control plotscontained an average of
37 kg-ha residual soil N. Preplant urea and
litter 1x rates added 48 kg-ha™ N, while the
litter 2x rate added 96 kg-ha* N. Before plant-

Table 2. Amounts of poultry litter and N, P, and K
applied in a 3-year experiment, Bixby, Okla?

Fertilizer treatment

Variable Urea Litter 1x Litter 2x
Broccoli, 1995
Litter (kg-ha®) 0 1798 3596
N (kg-ha?) 167 167 234
P (kg-ha™) 0 22 44
K (kg-ha?) 0 37 74
Spinach, 1996-97
Litter (kg-ha®) 0 960 1919
N (kg-ha?) 90 920 125
P (kg-ha™) 0 13 26
K (kg-ha?) 0 26 52
Turnip greens, 1997
Litter (kg-ha®) 0 1813 3625
N (kg-ha?) 103 103 151
P (kg-ha) 0 24 48
K (kg-ha?) 0 33 66
Total
Litter (kg-ha®) 0 4571 9140
N (kg-ha?) 360 360 510
P (kg-ha™) 0 59 118
K (kg-ha?) 0 96 192

ZL_itter valuesreported on an “asis’ basis. Nitrogen
valuesincludetopdressingsof urea(broccoli, turnip
greens) or NH,NO; plus (NH,),SO, (spinach) made
tovegetable crops asfollows: the broccoli received
50 kg/haof N on 22 Sept. 1995 and on 6 Oct. 1995;
the spinach received 55 kg-ha® of N on 10 Feb.
1997; and theturnip greensreceived 55 kg-ha* of N
on 23 Oct. 1997. Plots fertilized with urea did not
receive supplemental P or K. Plots fertilized with
poultry litter received supplemental Pand K only as
provided by thelitter. Presenceor absenceof acover
crop did not affect fertilization practices.
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ing, incorporation was done for the fertilizer
materials, plus trifluralin at 280 g-ha® for
weed control. A topdressing of ureato supply
55 kg-ha* of N was applied on 23 Oct. The
crop was harvested on 7 Nov. 1997 following
the same procedures as with the spinach crop,
except that plants were cut by hand =2 cm
above the soil level. Data were collected and
subsamples taken.

Cowpea cover crops. ‘Mississippi Pink-
eye cowpeas were grown on half of each
replication, with the other plots fallowed, in
the summers of 1996 and 1997. The seeds
were treated with aslurry of 19 g of cowpea-
type Rhizobiuminoculant in 36 mL water per
4.6 kg of seed. No fertilizers were applied to
the cowpea crops. Each plot contained six
rows, 0.9 m apart, of cowpeas. Seeds were
plantedat 5cmapart withinrowsand seedlings
|ater werethinned to 10 cm apart. In 1996, the
crop was planted on 31 May and metolachlor
herbicidewasapplied at 1.1 kg-ha™. The cow-
peas were thinned on 3 July and harvested on
2 Aug. The 1997 crop was planted on 29 May,
but due to a poor stand was replanted on 20
June. Two herbicideswereapplied on 1 June—
metolachlor at 1.1 kg-ha™* and N-(phosphono-
methyl)glycine (glyphosate) at 3.4 kg-ha™.
Harvest was on 28 Aug.

In both years, one datarow was harvested
in each plot by hand-cutting plants near the
ground level. Plants were depodded, market-
able pods were shelled, and green-shell seeds
were weighed. Depodded plants were placed
inburlap sacks, dried and weighed. Represen-
tative foliar samples were collected for el-
emental analysis. The remaining crop was
harvested within 24 h using a flail-vacuum
mower and removed from thefield inasimu-
lated haying operation.

Tissue analyses. Foliar samples, collected
as previously described, were dried at 48 °C
for >7 d and reweighed, then ground in a
Wiley mill to pass through a no. 40 U.S.
standardtesting sieve (0.42 mm). Thesamples
were analyzed by the Samuel Roberts Noble
Foundation, Ardmore, Okla., or Ward L abora-
tory, Kearney, Nebr. Except for broccoli, for
which only N concentration was determined,
all cropswereanalyzed for concentrationsof N
(crudeprotein), P, K, Ca, Mg, Mn, Fe, and Zn.

Statistical analyses. Data were evaluated
with analysis of variance procedures and the
MIXED procedure of the Statistical Analysis
System (SAS) (SASInstitute, 1999). Cowpea
data were analyzed by year for effects of
fertilizer treatment. V egetable crop datawere
analyzed by year for main effects of cover
crop, main effects of fertilizer treatment, and
interactions. Soils data were analyzed across
the six sampling times, so these analyses in-
cluded main effects of cover crop, fertilizer
treatment, and time, aswell asinteractions. If
the main effect of fertilizer treatment was
significant (P < 0.05), means were separated
using the least significant difference (Lsp) at
P <0.05. For the soilsdata, trend analysiswas
used to partition main effects of time into
linear and quadratic components. Significant
interactions were partitioned with SAS using
the SLICE option in a LSMEANS statement,

498

Cropr ProbucTiON

with meansseparated using aDI FF optionand
asignificance level of 0.05.

Results and Discussion

Broccoli. Litter at the 1x rate was not
adequate for maximum production of market-
able broccoli. Plants grown with the litter 1x
rate had lesspetiole N and smaller marketable
heads than plants grown with the other two
fertilizer treatments (Table 3). Total market-
able head weight was lower with the litter 1x
rate than with urea, while total marketable
head weight of plants grown with the litter 2x
rate did not differ from either of the other two
fertilizer treatments. Broiler litter N efficien-
cies range from 10% to 49% of inorganic
fertilizer N (Nicholsonetal., 1999), which can
explain our broccoli yield results. However,
Earhart (1995) did not report yield reductions
inbroccoli fertilized by litter at aratematching
an inorganic fertilizer control. Other studies
on litter as afertilizer for broccoli (Brown et
a., 1994; Maynard, 1994) used extremely
high application rates compared to our 1x and
2x rates.

The broccoli was the only vegetable crop
in our study not preceded by a cover crop
treatment. A test of cover crop effectsto deter-
mine if there were random effects of position
in the field was statistically nonsignificant.

Spinach. The spinach harvest was 10 d
behind schedule dueto persistent rains, so the
plants were overmature and starting to bolt.
Spinach plantsreceivingthelitter 2< ratewere
more succulent than plants in the litter 1x

plots, withhigher N andlessdry matter (Tables
4and5). Neither litter treatment differed from
ureain dry matter and N concentration.

Spinach stands were reduced in plots re-
ceiving the litter 2x rate (Table 4). However,
individual plants compensated for the de-
creased population by growing larger. As a
result, total yields on afresh weight per hect-
arebasisweresimilar for al treatments. Stand
differences could have been caused by seed-
ling injury from the litter 2x treatment. Ad-
verse effects of high rates of litter application
have been reported on other crops (Edwards
and Daniel, 1992), but the litter rates used
weremuch higher thanthoseusedin our study.

The main effect of cover crop treatment
was not significant for any measured variable
involving spinach plants. However, a cover
crop by fertilizer treatment interaction was
evident for shoot Caconcentrations(Table5).
Fertilizer treatments did not affect shoot Ca
concentrationsfor spinach plantsthat fol lowed
cowpeas. For spinachfollowingfallow, plants
fromlitter 1x andlitter 2x plotsweresimilarin
shoot Ca concentrations (2.5% and 2.6%, re-
spectively), but plants grown with litter 2x
were higher in Cathan plantsgrown with urea
(2.1%).

Turnip greens. Turnip greensgrown inthe
litter 1x plots had lower fresh weights per
hectare and ahigher percentage of dry weight
than plantsgrown with the other two fertilizer
treatments (Table 4). Stand and fresh weight
per plant were not affected by fertilizer treat-
ments.

A cover crop x fertilizer treatment interac-

Table3. Effectsof fertilizer treatmentson‘ Everest’ broccoli, Bixby,

Okla, 1995.
Fertilizer Marketable heads Daystofirst PetioleN
treatment (Mg-ha?)  (g/head) harvest (no.) (%)
Urea 125a 257 a 68 46a
Litter 1x 104 b 223b 70 34b
Litter 2x 11.2ab 248 a 70 41a
Significance * * NS *x

?If significant differences exidt, |etters indicate mean separation in

columns by Lsp, P < 0.05.

vs***Nonsignificant or significant at P < 0.05 or 0.01, respectively.

Table4. Effectsof fertilizer treatmentson‘ Ozarkall” spinach, 1996-97,
and on ‘Alltop’ turnip greens, 1997, Bixby, Okla?

Stand at Harvested foliage
Fertilizer harvest Fresh wt Dry wt
treatment (thousands’/ha)  (Mg-ha?)  (g/plant) (%)
Spinach, 1996-97
Urea 348a 26.7 83b 134 &b
Litter 1x 349a 274 85hb 140a
Litter 2x 283b 28.9 110a 125b
Significance * NS *x *
Turnip greens, 1997

Urea 804 159a 20 81b
Litter 1x 707 125b 18 86a
Litter 2x 705 154 a 22 79b
Significance NS *x NS *

7f significant differences exist, |etters indicate mean separation in
columns by Lsp, P < 0.05. Main effects of cover crop and fertilizer
treatment x cover crop interactionswere nonsignificant for variables
inthistable.

v ***Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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tion wasevident for turnip shoot N concentra-
tions (Table5). Nitrogen concentrationswere
affected by the cover crop treatment, but only
in plants fertilized at the litter 1x rate. In the
litter 1x plots, turnip greens following cow-
peas had more N (6.1%) than those following
fallow (5.5%).

Fertilizer treatments affected concentra-
tionsof K, Ca, and Mginturnipleaves, but did
not affect concentrations of P, Mn, Fe, or Zn
(Tableb). TheK leaf concentrationwassmaller,
and the Ca concentration was higher, in urea-
fertilized plantsthanin litter-fertilized plants.
The Mg concentration was lower in litter 1x
plantsthan in urea-fertilized plants, whileMg
concentrations in litter 2x plants were not
different from those of plants in the other
fertilizer treatments(Table5). Concentrations
of K, Ca, and Mg did not differ between the
litter 1x and 2x treatments, whileyields were
higher from litter 2x treatments than from
litter 1x treatments (Table 4). Therefore, dif-
ferences in foliar K, Ca, and Mg concentra-
tions probably were not major factors deter-
mining differencesin turnip yield.

Theconcentrationof Feintheturnipgreens
was the only measured variable on any of the
three vegetable crops for which the main ef-
fect of acover crop treatment was significant.
Turnip leaves contained Fe at 502 mg-kg?
following fallow vs. 401 mg-kg™ following
cowpesas.

Cowpea cover crops. The fertilizer treat-
mentsdid not affect foliar concentrationsof N,
P, K, Ca, Mg, Mn, Fe, or Zn of cowpeas, nor
shoot dry weight or seed freshweight (Table6).
Y ears were not compared statistically, but the
relatively low seed yield in 1996 probably
resulted from an early harvest date; in retro-
spect, it would have been better to have waited
oneweek. Earhart (1998) al so reported that dry
meatter yields of cowpeas were not affected by
increasing rates of poultry litter application.

Soils. In general, cover crop and fertilizer
treatmentshad few significant main effectson
plant nutrient concentrationsinthesoil (Tables
7, 8, and 9). Sampling time effects predomi-
nated, as expected, and therewere someinter-
actions of time with cover crop and fertilizer
treatments.

pH. There was a main effect of fertilizer
treatment on pH at the 0-15 cm soil sampling
depth (Table 7). Soil pH values (6.3 in both
cases) were higher from plots receiving litter
at the 1x or 2x rates than from plotsreceiving
urea(6.1). Litter pH (Table 1) washigher than
the baseline soil pH (T1 in Table 7), so this
result wasexpected. Guptaand Charles(1999)
and Kingery et al. (1994) noted increased pH
to a depth of 60 cm under soils with a long-
termhistory of poultry litter application. Cover
crop treatments affected pH at both soil sam-
pling depthsat T3and T5, and at the 15-30cm
depth at T6, but not at other times (Tables 7
and 9). In &l cases where a cover crop effect
was evident, samples from plots following
cowpeas showed higher pH values than
samples from plots following fallow. Since
soil pH effects were primarily at T3 and T5
(following cowpea incorporation), these ef-
fects may have been associated with decom-
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Table5. Foliar element concentrations of spinach (1996-97) and turnip
greens (1997) in response to fertilizer treatments, Bixby, Okla.?

Fertilizer Foliar element concn (%)
treatment N P K Ca Mg
Spinach, 1996-97

Urea 46a 081 4.4 21 12

Litter 1x 42b 0.80 46 22 12

Litter 2x 47a 0.86 4.7 24 13

Significance’ * NS NS I NS
Turnip greens, 1997

Urea 6.3 0.53 45b 30a 0.45a

Litter 1x 5.8 0.52 51a 26b 0.40b

Litter 2x 5.9 0.55 54a 26b 0.42ab

Significance’ I NS i * *

2Within crops, if significant differences exist, letters indicate mean
separation in columns by Lsp, P < 0.05. Fertilizer treatment had no
significant (P < 0.05) effectson foliar concentrationsof Mn, Fe, and Zn
in either crop, so data are not presented.

YMain effect of fertilizer treatment. ‘I’ indicatesacover crop x fertilizer
treatment interaction; seetext for further details of simple effects.

v " **Nonsignificant or significant at P < 0.05 or 0.01, respectively.

position of residual cowpeatissues (primarily
root systems).

Nitrogen. A cover crop x timeinteraction
wasevident for soil test N at boththe0—15cm
and 15-30 cm soil sampling depths(Table7).
Simple effects of cover crop treatment oc-
curred at the two sampling times following
cowpeaincorporation (T3 and T5), but not at
other times (Table 8). The cowpeas lowered

N was removed with the cowpea pods and
foliage (Table6). Also, soil test N depression
following cowpeaincorporationwasreported
by Schroeder et al. (1998). A fertilizer treat-
ment x timeinteraction al so was detected for
N at the 0-15 cm soil sampling depth (Table
7). Fertilizer treatment effects on soil test N
were significant only at T3, at which time
samplesfrom litter 2x plotswere higherin N

soil test N concentrations at both soil sam-
pling depthsrel ativetothefallow plots. Some

than samples from plots treated with urea or
litter at the 1x rate (Table 8).

Table 6. Foliar element concentrations and yields of cowpea cover crops in response to preceding
fertilizer treatments, Bixby, Okla.?

Fertilizer Foliar element concn (%) Shoot dry wt Seed fresh wt

treatment N P K Ca Mg (Mg-ha?) (Mg-ha?)
1996

Urea 32 0.44 21 21 0.67 42 1.0

Litter 1x 2.8 0.45 2.2 23 0.63 38 13

Litter 2x 34 0.48 24 22 0.63 42 10
1997

Urea 22 0.45 16 2.6 0.66 2.8 25

Litter 1x 2.0 041 17 23 0.54 2.8 23

Litter 2x 20 0.44 19 24 0.57 2.7 25

“Therewereno significant (P < 0.05) differencesamong fertilizer treatmentsfor the variables shown,
orfor Mn, Fe, and Zn. No fertilizer treatmentswere applied to the cowpeas. Thefertilizer treatments
were applied to broccoli (1995) and spinach (1996-97) crops preceding the 1996 and 1997 cowpea
crops, respectively.

Table 7. Mean soil test values for pH and N, P, and K at six soil sampling times, Bixby, Okla

Sampling times’ Significance’
Variable T1 T2 T3 T4 T5 T6 Time Other effects
0-15 cm soil sampling depth
pH 63 6.2 63 63 60 6.2 L™ FT*, CCx Time”"
N (kg-ha?) 30 47 62 3 37 26 L”, Q" CCx Time”, FT x Time'
P(kgha') 275 280 250 239 276 283 Q FT", CCx Time"™, FT x Time"™
K (kgha') 419 395 414 364 412 411 Q" CCx Time”, FT x Time'
15-30 cm soil sampling depth
pH 61 6.0 61 63 58 6.1 L”, Q" CCx Time"™
N (kg-ha?) 39 37 a7 8 40 31 L”, Q" CCx Time"
P(kghal) 255 234 211 186 230 219 L, Q" CCx Time
K (kgha') 344 299 280 280 294 279 L™, Q" NS

#T1=25July 1995 (baseline); T2=29 May 1996 (after fall broccoli and before cowpeaplanting); T3 =3 Sept.
1996 (after cowpeas and before fall spinach planting); T4 = 14 May 1997 (after overwintered spinach and
before cowpea planting); T5 = 19 Sept. 1997 (after cowpeas and before fall turnip greens planting); T6 = 13
May 1998 (termination, after fall turnip greens).

YLinear (L) and quadratic (Q) effectsof timeweretested. When “ Other effects’ (FT = Fertilizer treatments;
CC = Cover crops) are significant, details are provided in subsequent tables.

v " **Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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Phosphorus. Cowpea cover crops had no
consistent effect on soil test P concentrations
(Table 7). Cover crop x time interactions
were evident for soil test P at both the 0-15
cmand 15-30 cm soil sampling depths(Table
7). Cover crop treatment effects were de-
tected for P at the 0-15 cm soil sampling
depthonly at T6 (Table 8), when plotswith a
history of cowpeacover crops had lower soil
test P values than fallowed plots. However,
this contrasts with the cover crop treatment
effects detected for P at the 15-30 cm soil
sampling depth. These simple effects, evi-
dent only at T3 and T4, showed higher soil
test Pvaluesfollowing cowpeasthan foll ow-
ingfallow (Table8). Theseeffectson soil test
P at the 15-30 cm soil sampling depth appar-
ently were associated with P mineralization
following cowpeaincorporation, sincefertil-
izer treatments had no detectable effectson P
concentrationsat the 15-30 cm soil sampling
depth (Table 7).

The cowpeasdid not contain high concen-
trations of P (Table 6) and may not have
accumulated enough removable biomass in
the time frame available to have a major im-
pact on soil test P values. The cowpeas were
managed not only asacover crop but dlsoasa
cash crop, so that growers using this system
would have someincomebeforetheir primary

Cropr ProbucTiON

fall vegetablecrop. With the Oklahomagrow-
ing season, it was necessary to terminate the
cowpeacropsin August in order toallow time
for field preparation before planting the fall
vegetable crops.

There was a significant main effect of
fertilizer treatment on soil test P at the 0-15
cm soil sampling depth, but thiswas overrid-
den by afertilizer treatment x time interac-
tion (Table 7). A breakdown of the interac-
tion showed no effect of fertilizer treatment
at T1 (the baseline sample, at which time no
treatmentshad been applied) andat T3 (Table
8). At the other sampling times, plots fertil-
ized with urea and with litter at the 1x rate
were similar in soil test P values at the 0-15
cm soil sampling depth, but both had lower P
concentrationsthan plotsfertilized with litter
at the 2x rate (Table 8). Shepherd and With-
ers (1999) concluded that relatively large
amounts of P would need to be applied to
raise soil P status.

Potassium. Cover crop treatment effects
on soil test K concentrations were detected
only at the 0-15 cm soil sampling depth at T3
(Table 7), when higher values were found
following cowpea incorporation than follow-
ing fallow (Table 8). A fertilizer treatment x
timeinteractionalsowasevident for soil test K
at the 0—15 cm soil sampling depth (Table 7).

Table 8. Details of cover crop x time and fertilizer treatment x time interactions affecting
soil pH and soil test N, P, K, and Zn, Bixby, Okla.?

Cover crop Fertilizer treatment
Sampling time Cowpea Fallow Urea Litter Ix Litter 2x
pH, 0-15 cm soil sampling depth
T3 (3 Sept. 1996) 6.4 6.2
T5 (19 Sept. 1997) 6.1 5.9
pH, 15-30 cm soil sampling depth
T3 (3 Sept. 1996) 6.2 6.0
T5 (19 Sept. 1997) 59 5.7
T6 (13 May 1998) 6.1 6.0
N (kg-ha?), 0-15 cm soil sampling depth
T3 (3 Sept. 1996) 45 79 51b 62 b 73a
T5 (19 Sept. 1997) 27 47
N (kg-ha*), 15-30 cm soil sampling depth
T3 (3 Sept. 1996) 34 59
T5 (19 Sept. 1997) 8 72
P (kg-ha™), 0-15 cm soil sampling depth
T2 (29 May 1996) 271b  271b 298 a
T4 (14 May 1997) 223b  233b 260 a
T5 (19 Sept. 1997) 264b 270b 295 a
T6 (13 May 1998) 272 293 242b  265b 34l1a
P (kg-ha™), 15-30 cm soil sampling depth
T3 (3 Sept. 1996) 220 201
T4 (14 May 1997) 195 178
K (kg-ha?), 0-15 cm soil sampling depth
T3 (3 Sept. 1996) 445 384 387b 409 ab 446 a
T6 (13 May 1998) 379b 410ab 445 a
Zn (mg-ha™), 0-15 cm soil sampling depth
T3 (3 Sept. 1996) 21c 22b 24a
T5 (19 Sept. 1997) 17b 17b 19a

Zn (mg-ha™), 15-30 cm soil sampling depth

T3 (3 Sept. 1996) 18

14

“Dataare shown only for timeswhen asignificant cover crop or fertilizer treatment effect
was found. For each variable, within sampling times, cover crop means shown differ by
least squares, P < 0.05, and letters under fertilizer treatments indicate mean separation in
rowsby least squares, P <0.05. Noeffectsof cover cropsor fertilizer treatmentswerefound
at T1 (25 July 1995), since no treatments had been applied. No effectsof cover cropswere
found at T2 (29 May 1996), since cover crops had not yet been grown on the land.
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Therewereno differencesinK concentrations
between plots treated with litter at the 1x and
2xrates(Table8). However, litter 2x plotshad
more soil test K than ureaplotsat the 0-15cm
soil sampling depth at T3 and T6. Earhart
(1995) reported increased K accumulation in
the surface 30 cm of soil following poultry
litter applicationsat double the recommended
rate.

Cover cropandfertilizer treatmentshad no
detectable effects on soil test K at the 15-30
cm soil sampling depth (Table 7). Only the
main effect of time was significant for this
variable, and the response was a quadratic
decrease over time (Table 7).

Secondary nutrients and micronutrients.
Cover crop and fertilizer treatments had no
detectable effects on concentrations of Ca,
Mg, or Feat either soil sampling depth, or on
B at the 0-15 cm soil sampling depth (Table
9). A three-way interaction was found for soil
test B at the 15-30 cm soil sampling depth
(Table 9). Simple effects of fertilizer treat-
ments were found only in fallow plots at T3
and in plotswith incorporated cowpeasat T5.
A simple effect of cover crop treatments was
found only in litter 2x plots at T5. Effects of
either factor (cover crop or fertilizer treat-
ment) were not always consistent given the
other factor (datanot presented). Overall, treat-
ments appeared to have minimal effects on
soil test B concentrations.

A cover crop x time interaction was evi-
dent for soil test Zn at the 0-15 cm soil
sampling depth (Table 9). However, when
the interaction was partitioned, means for
cowpea plots and for fallow plots were not
significantly different at any one sampling
time (data not presented). The overall inter-
action probably resulted from order of mag-
nitude effects when comparing differences
between cowpea and fallow means at each
given time, and because the cowpea mean
was not consistently numerically higher than
thefallow mean (fallow was higher at T5). A
cover crop x time interaction also was evi-
dent for soil test Zn at the 15-30 cm soil
sampling depth (Table 9). The main effect of
cover crop suggested that Zn concentrations
were higher with cowpea cover crops than
with fallow, but since theinteraction showed
this difference was significant only at T3
(Table 8), this effect likely is of little practi-
cal significance.

There was a significant main effect of
fertilizer treatment on soil test Zn at the 0-15
cm soil sampling depth, but thiswas overrid-
den by afertilizer treatment x time interac-
tion (Table 9). Simple effects of fertilizer
treatment occurred at T3 and at T5, but not at
T1(Table8). Thelitter 2x treatment resulted
in the highest soil test Zn concentrations at
the 0—15 cm soil sampling depth at both T3
and T5, while the litter 1x treatment in-
creased Zn concentrations relative to urea
only at T3. Our poultry litter lots were not
analyzed for Zn. Others have reported in-
creases (Kingery et al., 1994; Shuman and
McCracken, 1999) or no changes (Guptaand
Charles, 1999) in extractable soil Zn over
time following poultry litter applications.
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Table 9. Mean soil test values for Ca, Mg, Fe, B, and Zn at three soil sampling times, Bixby, Okla.

Sampling times? Significance’

Variable Tl T3 T5 Time Other effects
0-15 cm soil sampling depth

Ca(kg-ha?) 2889 2691 2725 L, Q" NS

Mg (kg-ha?) 424 423 430 NS NS

Fe (mg-kg™) 42 61 31 L™, Q" NS

B (mg-kg™) 0.30 0.42 0.40 L”, Q" NS

Zn (mgkg™) 15 23 17 L™, Q" FT*, CCx Time™, FT x Time'
15-30 cm soil sampling depth

Ca(kg-ha?) 2927 2722 2837 L", Q NS

Mg (kg-ha?) 415 422 434 L NS

Fe (mg-kg™) 45 64 32 L, Q" NS

B (mgkg™) 0.28 0.38 0.36 L, Q" CCx FT x Time'

Zn (mg-kg™) 13 16 12 L™, Q CC",CCx Time"

7T1 =25 July 1995; T3 = 3 Sept. 1996; T5 = 19 Sept. 1997.

YLinear (L) and quadratic (Q) effects of time were tested. When “ Other effects’ (FT = fertilizer treatments,
CC = cover crops) are significant, details are provided in other tables or the text.

v " **Nonsignificant or significant at P < 0.05 or 0.01, respectively.

Conclusions

Removing cowpea pods and foliage and
incorporating residues of cowpea cover crops
lowered soil test N, which could potentially
reduceleachinglossesthroughthesoil profile.
However, this also would reduce N available
tothesucceeding vegetablecrop (Schroeder et
al., 1998). The cowpeas had no consistent
effect on soil test P concentrations. Therefore,
under our conditions, there would be little
justification for growing acowpeacover crop
as ameans of managing soil P accumulation
from poultry litter applications.

Three cool-season vegetable crops were
successfully grownwith poultry litter, but the
litter 1x rate usually wasinsufficient to meet
crop needs. Sincethelitter 2x rateresultedin
demonstrable increases in soil test P at the
0-15 cm soil sampling depth, increasing the
amount of litter applied preplant to the veg-
etablecropsjust to meet their N requirements
would not be recommended. A better ap-
proach might be to supplement a litter 1x
applicationwithareadily-availableN source.
Litter at the 1x rate was not shown to raise
soil test P values. Research should continue
on waysto efficiently utilize poultry litter in
horticultural production systems.
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