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Foreword

Conservation tillage, especially no-till, gained greater acceptance during the decades of the 1960s and 1970s. This
acceptance coincided with the availability of herbicides that could substitute for mechanical cultivation for weed
control. Highly erodible locations were usually the first to implement conservation practices.

Conservation tillage generally reduces erosion, conserves energy costs associated with tillage operations and modi-
fies soil-water relationships. Conservation tillage often requires greater herbicide use to obtain acceptable weed
control. Under reduced tillage scenarios, applied lime and fertilizer tend to concentrate in the surface few inches of
soil. Greater capture of rainfall and fast transmission of water via large pores to greater depths may pose an increased
potential for ground water contamination with pesticides and nitrates. In some cases, continual cropping without
mechanical tillage has resulted in increased surface soil compaction.

Conservation tillage issues that evolved during the 1980s included effective herbicide and fertilizer use, proper soil
sampling techniques, insect and disease management, crop residue management, soil-water relations, surface anc
ground water protection and profitability of crop production. Numerous production problems have been addressed, and
various solutions are being tested. As conservation technology improves, its acceptance continues to increase.

During the 1990s, as much as 35% of the crop land in the United States is being farmed with some kind of
conservation tillage practice. The advent of bioengineering of herbicide-resistant crops has made weed control in
conservation tillage easier. With adaptation of conservation tillage, equipment that addresses various problems that
occur when using conservation tillage has been developed in farm shops and then been offered commercially by
equipment companies.

The 1998 conference theme, “MEETING THE CHALLENGES” was chosen for its focus on removing the barriers
of further adaptation of conservation tillage while sustaining that which is in place. To be sustainable requires that a
balance among profitable agriculture production, socially acceptable practices and environmentally sound practices be
achieved. The 1998 conservation tillage conference continues to provide a communication link among various agencies
and personnel interested in improved natural resource management. We here at the University of Arkansas appreciate
the opportunity to host this annual conference and to facilitate the adaptation of conservation tillage technology.

Stan L Chapman Terry C. Keisling

Extension Soil Specialist and Agronomy Section Lead@fofessor of Agronomy

Cooperative Extension Service University of Arkansas Northeast Res. & Ext. Ctr.
University of Arkansas P.O. Box 48

P.O. Box 391 Keiser, Arkansas 72361

Little Rock, Arkansas 72203
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A COMPARISON OF TILLAGE SYSTEMS FOR WITHIN-FIELD VARIABILITY
OF COTTON YIELD AND FIBER PROPERTIES

Philip J. Bauer, John A. DuRant and James R. Frederick

ABSTRACT deficit year, which implied that soil physical differences
here is considerable variability for lint yield withinc@used differences in water stress. _
cotton Gossypium hirsuturh.) fields in the south- Many of the benefits of conservation tillage, especially
eastern Coastal Plain. The objective of this expeW—hen used with adequate residue cover, are related to im-

ment was to determine if soil management techniques Eg{gving soil water conditions. Benefits often cited include

in-furrow application of an insecticide/nematicide influincreased rainfall infiltration, reduced runoff and reduced

ence the amount of variability in cotton yield and fibegvaporation from the soil surface. Thus, conservation till-

properties. Treatments in the study were tillage (cons@g€ techniques may reduce the amount of field variability
vation vs. conventional) and aldicarb application (1.07 fB" cotton yield by reducing the amount of in-field vari-
ailacre vs. none). In 1997, ‘DPL Acala 90’ was plantedpility for soil water. _ ,

into large plots (ranging in length from approximately 400 Besides soil map unit, pest infestations are a source of
to 800 ft, plots were six 38-in.-wide rows) that spanné@‘”ab'“ty in the southeastern Coastal Plain cotton fields.
across several soil map units. Two harvesting methdgdhough seldom random, infestations of weeds, insects
were used to determine variability. First, the large plofdd nematodes do not tend to be uniformly distributed
were subdivided into 44-ft-long sections, and two of tH8roughout a field. Though pests are rarely uniformly dis-
rows in each section were harvested with a spindle pick&feuted, pest control measures are usually applied uni-
Second, a 6-ft sample was hand-harvested from eacHQfnly throughout a field. Part of the reason for this is
three soil map units (Bonneau sand, Eunola loamy sdhg un_certamty of Where pest |nfe§tat|ons will occur. Also,
and Norfolk loamy sand) within each plot. Neither aldicari€re is very little spatial data available on the efficacy of

application nor tillage system affected the variability fdPeSt control products.

yield or micronaire among the machine-harvested samples” Six-year study was established in the fall of 1996

Variability for fiber length was less in conservation tillag/ith the overall objective to determine the effects of resi-
than in conventional tillage only when aldicarb was a@4® amount, tillage system and in-furrow insecticide ap-
plied. For fiber strength, conservation tillage had lowdication on cotton yield and fiber properties. In this re-
variability than conventional tillage for the plots withouP®': We describe our results from the first year of con-
aldicarb. Soil map unit was responsible for much of th&ting a field to a conservation tillage production system.
variation in yield, with the Bonneau sand having loweiN€ objective is to determine if soil management tech-

yield than the other two soil map units. Variability fofidues and in-furrow application of an insecticide/nemati-
fiber properties was less than variability for yield. cide influence the amount of variability in cotton yield

and fiber properties.
INTRODUCTION

L MATERIALS AND METHODS
A large amount of variation in cotton growth and pro- ) ) .
ductivity can occur within the cotton fields of the south- S€Ven acres of a 40-acre field at Clemson University's

eastern Coastal Plain. One of the largest sources appE&s Deée Research and Education Center near Florence,
to be variation due to soil map unit. Fields in this regiopeuth Carolina, were used for the experiment. The area
generally have many soil map units and a range of physi¢@S chosen because of the diversity in soil map units and
and chemical properties that influence crop growth (Karlde ability to have at least two soil map units represented
et al., 1990). The primary productivity differences amorj each plot. Treatments were tillage (conventional or con-

soil map units may be in differences in ability to suppl rvation) and in-furrow insecticide/nematicide applica-

water to crops. Sadler et al. (1998) found a significalpn (aldicarb or none). Experimental design was split-
relationship between canopy minus air temperature gt with main plots in a randomized complete block. There

soil map unit in cornZea mayk during a severe water Were three blocks. Main plots were the tillage treatments,
and subplots were the in-furrow insecticide application

treatments. Main plot size was twelve 38-in.-wide rows
1p_J. Bauer,USDA-ARS, Coastal Plains Soil, Water, and Plant Resedidft ranged in length from approximately 400 ft to more

Center, Florence, South Carolina. J.A. Durantand J.R. Frederick, Clemtoan 800 ft. Six of the rows received an in-furrow applica-
University, Florence, South Carolina.
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tion of 1.07 Ib ai/acre aldicarb, while the other six wemf the lint samples were sent to Star-Lab, Inc (Knoxville,
planted without insecticide/nematicide protection to seri@nnessee) for HVI fiber property determinations.
as controls. Bartlett’'s F test for homogeneity of variance was con-
In previous years, the field was in a two-year rotatiatucted to determine if the amount of variability differed
of corn followed by winter wheatT¢iticum aestivurp between conventional tillage and conservation tillage for
double-cropped with soybeaGlicine max Corn was both levels of aldicarb application. Since the experimental
grown in the field during the summer of 1996. Followindesign was split-plot with main plots in a randomized com-
corn harvest, stalks were mowed. The experiment walete block design, variance components for each subplot
originally designed to include a rye cover crop (both wittheatment consisted of variation due to blocks and to
and without tillage) treatment. Rye was planted 20 Nuovthin-plot variation. Therefore, an analysis of variance
vember 1996, but because of poor cover crop growfbr treatment combination (tillage x aldicarb) was con-
these plots were pooled with the no-cover-crop main platscted to remove the variance component due to blocks,
for this analysis. In the spring of 1997, paraquat was and the residual mean square was used as the estimate of
plied to the conservation tillage plots while the convew?for conducting Bartlett's F test. For the hand-harvested
tional tillage plots were disked and then smoothed withsamples, data were analyzed by analysis of variance using
harrow equipped with S-shaped tines and rolling basketse general linear models (PROC GLM) procedure of SAS.
On 2 May, a p_arat|II Wlt_h shank; spaced 26 in. apart was RESULTS AND DISCUSSION
used to deep-till the entire experimental area to a depth of
16 in. Estimates of variance and Bartlett's F test for
Cotton (‘Deltapine Acala 90’) was planted 7 May usinfeterogeniety of variance among the machine-picked
a four-row planter equipped with waved coulters. Seedifigmples for lint yield, fiber length, strength and micronaire
rate was four seeds per row-ft. Preemergence herbici@é® given in Table 1. The amount of variability for cotton
(fluometuron and pendimethalin) were applied 8 Mayield did not differ between conventional tillage and con-
Post-emergence herbicides included pyrithiobac, cyanazigsvation tillage either with or without aldicarb applica-
and monosodium methanearsonate. All herbicides wéi@n (Table 1). Similarly, variability did not differ for
applied at recommended rates. Plant nutrients (other tffaigronaire between the tillage systems either with or with-
N) were broadcast applied before cotton planting at raf4 aldicarb. Heterogeneity of variance was found for both
based on soil test results and Clemson University Codjier length and fiber strength. In both cases, the conser-
erative Extension Service recommendations. All N wa&&tion tillage had lower variance than did conventional till-
side-dress applied in a split application, with 40 Ib N/acage. For fiber length, variance was lower for conservation
being applied 13 May and 40 Ib N/acre applied 20 Juri#lage than for conventional tillage when aldicarb was ap-
All N applied was NENO,. plied (Table 1). For fiber strength, variance of the conser-
Two methods of harvest were used to assess the yiédion tillage was less when aldicarb was not applied.
and fiber property variability. The first method involved For the machine-harvest sampling method, a significant
separating each subplot into 50-ft-long sections and fE-< 0.10) tillage x aldicarb interaction occurred for lint
moving plants from 3 ft of row from each end of th¥ield (Table 2). With aldicarb, the conventional and con-
sections so that the harvested area within each section §&yation tillage production systems had similar yield
44 ft long. A two-row spindle picker was used to harveéfable 2), averaging 859 Ib lint/acre. The interaction was
two of the rows in each section. A grab sample 6fused by magnitude differences between aldicarb-treated
seedcotton from each harvest bag was collected at har@ést untreated cotton within each tillage system. In conser-
for fiber property determinations. The second method iMation tillage, yields of cotton without aldicarb were only
volved hand-harvesting 6 ft of row from individual soit31 Ib/acre less than the cotton treated with aldicarb. In
map units within each plot. The map units chosen wegenventional tillage, the difference between aldicarb-
Bonneau sand (BoB; loamy, siliceous, thermic Arenféeated and untreated was 212 Ib lint/acre (Table 2). Early-
Paleudult), Eunola loamy sand (EuB; Fine-loamy, siliceouggason counts indicated that thrips populations were less
thermic Aquic Hapludult) and Norfolk loamy sand (NoAin the conservation tillage than in the conventional (data
fine-loamy, siliceous, thermic Typic Kandiudult). All threghot shown). Only small, and probably inconsequential, mean
soil map units were present in all plots in two of thdifferences among treatments occurred for fiber proper-
blocks. In the other block, the EuB soil map unit was fies with the machine harvest sampling method. As ex-
each main plot, while the BnA soil map unit was present Rg¢cted, it appears that much of the within-plot variability
only one of the four main plots, and the NoA map unit wégund vyith the machine-harvest method was due to soil
present in only three of the four main plots. All seedcottdRap unit.

samples were ginned on a 10-saw laboratory gin. Samplesfield and fiber properties from the hand-harvested
samples are given in Table 3. Averaged over tillage sys-
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tems and aldicarb levels, lint yields were 694 Ib/acre for These preliminary data suggest that there can be sub-
the Bonneau, 913 Ib/acre for the Eunola and 1020 Ib/astantial yield and fiber property variation within fields for
for the Norfolk. The average yield increase due to aldicacbtton in the southeastern Coastal Plain. Additionally, al-
was 158 Ib lint/acre. The micronaire response was simitAough within-field variation for yield was not reduced
to yield, with lower micronaire occurring on the Bonneawith conservation tillage, conservation tillage did decrease
soil map unit than on the other two and aldicarb-treatdte within-plot variation for fiber length and strength. Ap-
cotton having higher micronaire than untreated. As for tpécation of aldicarb did not reduce within-plot variability,
machine-harvested samples, variability for fiber length amdr did it have much of an effect on variability among soil
strength was small, even when treatment means were $§jges. More in-depth monitoring of insect and nematode
nificantly different. Notably, the cotton produced with conpests is planned.
ser.vatlon tillage on _the Bonneau .50|I grown W|thqut ACKNOWLEDGMENT AND DISCLAIMER
aldicarb was substantially lower for yield and fiber quality
than the other treatment combinations in the experiment. We thank Bobby Fisher, Van Atkinson and Gene Taylor
Although the tillage x aldicarb x soil map unit interacfor technical assistance and Ellen Whitesides for helping
tion was not significant for lint yield(= 0.198), inspec- Prepare the manuscript. Mention of a trademark, propri-
tion of the means provides some indication of why tif§ary product, or vendor does not constitute a guarantee
tillage x aldicarb interaction occurred for yield with th@r warranty of the product by the USDA or Clemson Uni-
machine-picked data. As discussed earlier, yield redwgrsity and does not imply its approval to the exclusion of
tions without aldicarb were less in the conservation tillagéher products or vendors that may also be suitable.
production system than in the conventional tillage system. LITERATURE CITED
Aldicarb did not increase yield for the Eunola and Norfolk ]
soils in the conservation tillage system but resulted in<g"€n: D.L., E.J. Sadler and W.J. Busscher. 1990. Crop yield

substantial vield increase on these two soils in conven- variation associated with Coastal Plain soil map units. Soil Sci.
y Soc. Am. J. 54:859-865.

tional ti“age (Table 3)' For the Bonneau SO?I' aldicargadler, E.J.,W.J. Busscher, P.J. Bauer and D.L. Karlen. 1998. Spatial
treatment increased yield in both the conservation and con- scale requirements for precision farming inferred from

ventional tillage treatments. Unfortunately, insect pest observations in the southeastern USA. Agron. J. (inpress).

monitoring was not conducted on an individual soil magteel, R.G.D., and J.H. Torrie. 1980. Principles and procedures of

unit basis in 1997. statistics. Second Edition. McGraw-Hill Book Co., New York,
New York.

Table 1. Estimates of variance for yield and selected fiber properties of each tillage x aldicarb combination in the experiment
and Bartlett’s F test for homogeneity of variance. Estimates are for the machine-harvested samples.

Estimate of 0?

Tillage Aldicarb n Yield Length Strength Micronaire

Conservation Yes 54 25112 0.00050 0.9222 0.0767
No 54 20665 0.00052 0.9820 0.0629

Conventional Yes 58 21976 0.00086 1.3951 0.0688
No 58 25963 0.00054 1.7355 0.0712

Bartlett's F-test Values for Homogeneity of Variance between Tillage Systems

Yes 1.14 1.72* 151 111
No 1.26 1.04 1.77* 1.13
*Indicates F value significant at P = 0.05 (F values for determination of significance were estimated from F table values of F, =1.69 and F

0.05 40,40 0.05 60,60

=1.53 [Steel and Torrie, 1980]).
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Table 2. Average cotton yield and selected fiber properties as affected by tillage
and aldicarb application. Data are from machine-picked samples.

Tillage Aldicarb Yield Fiber Length Fiber Strength Micronaire
Ib lint/acre in. gltex units
Conservation Yes 849 1.12 30.0 41
No 718 111 30.3 4.1
Conventional Yes 868 112 30.3 4.2
No 656 111 30.4 4.1

Significance Level (Prob > F Value) From Analysis of Variance

Tillage 0.788 ok il 0.469
Aldicarb <0.001 ok ok 0.213
Tillage x Aldicarb 0.066 xkk ik 0.859

*** Hypothesis testing for these variables is invalid because of heterogeniety of variance.

Table 3. Average cotton yield and selected fiber properties as affected by tillage, aldicarb application
and soil map unit. Data are from hand-harvested samples.

Tillage Aldicarb Soil Map Unit Yield Fiber Length Fiber Strength Micronaire
Ib lint/acre in. gltex units
Conservation Yes Bonneau 795 1.09 32.6 3.7
Eunola 912 1.11 324 4.0
Norfolk 1056 1.12 32.7 4.1
No Bonneau 527 1.07 29.9 3.2
Eunola 908 1.11 32.6 4.2
Norfolk 1030 1.11 32.2 3.8
Conventional Yes Bonneau 785 1.12 33.8 37
Eunola 1085 1.12 325 4.1
Norfolk 1110 1.13 32.8 4.2
No Bonneau 658 1.10 325 3.7
Eunola 749 1.11 323 3.9
Norfolk 880 1.09 317 3.8

Significance Level (Prob > F Value) From Analysis of Variance

Tillage 0.704 0.295 0.127 0.259
Aldicarb 0.007 0.031 <0.001 0.049
Soil <0.001 0.482 0.775 0.003
Tillage x Aldicarb 0.273 0.622 0.787 0.890
Tillage x Soil 0.736 0.066 0.002 0.460
Aldicarb x Soil 0.929 0.627 0.012 0.241
Tillage x Aldicarb X Soil 0.198 0.357 0.208 0.205

12



SOIL STRENGTH IN RYE AND FALLOW WINTER COVER
IN THE SOUTHEASTERN COASTAL PLAIN

W.J. Busscher and P.J. Batier

ABSTRACT MATERIALS AND METHODS

n sandy coastal subsurface hardpan soils, coverln 1990, we established cover crop plots at the Clemson
Ocrops have the potential to prevent erosion atthiversity Pee Dee Research and Education Center near
scavenge nutrients. Our objective was to detdflorence, South Carolina. Bauer and Busscher (1993) re-
mine the effect of cover crops and tillage on soil strengpiorted the results from the 1991 and 1992 experiment. In
and cotton yield. Treatments were surface tillage (disk&893, cotton was grown on the plots but not harvested
or none), deep tillage (in-row subsoiled or none) and coumcause of a drought. All plots were subsoiled in spring
crop (rye or fallow). Soil strength (cone index) differ1993.
ences were measured for tillage treatments (deep tilled Iin 1994 and 1995, we changed the treatments to
none), depth (higher strength in the pan) and positisabsoiling only half the plots. During these two years,
across the row (in row < non-wheel track < wheel traclgxperimental treatments were winter cover (rye and fal-
Lower cone indices were found in the non-tilled rye covdgw), surface tillage (disking and none) and deep tillage
suggesting that the cover helped maintain low strengtfis-row subsoiling and none). The experimental design was
Higher cone indices in the disked treatments suggessgdit-split plot randomized complete block. Main plots
that the disking aided recompaction. were winter cover, subplots were surface tillage, and sub-
INTRODUCTION subplots were deep tillage. Subsubplots were 12.7 ft wide
(four 38-in. rows) by 50 ft long. The experiment had four
In the southeastern Coastal Plains, winter cover is iRgplicates. The soil was a Norfolk sandy loam (fine, loamy,
portant for long-term conservation tillage crop produgiliceous, thermic, Typic Kandiudult).
tion. Cool- and warm-season annual double crops arein October 1993 and 1994, after the cotton stalks were
needed for successful conservation tillage production fredded, half the plots were seeded with rye cover (110
grain sorghum $orghum bicolor(L.) Moench] and soy- |b of seed/acre). Plots were seeded in 7.5-in. rows using a
bean (Glycine max (L.) Merrill] on southeastern Pied- john Deere 750 grain drill.
mont sandy loams (Langdale et al., 1990). However, be-|n a separate operation immediately prior to planting,
cause of the long southeastern cotton growing seasgalf the subsubplots were subsoiled using a KMC four-
double cropping with continuous cotton is not possiblgw subsoiler within 6 in. of the previous year's rows. In
for much of the region. In addition, low organic mattemid-May, cotton (‘DES 119’) was seeded within 6 in. of
produced by cotton can leave a field bare for the winter.the previous year's rows with a four-row Case-IH 900
Cover crops provide winter cover to improve erosioferies planter equipped with Yetter wavy coulters. We at-
control and increase infiltration. They can also scavenggnpted to maintain the same wheel tracks and rows from
nutrients and reduce groundwater pollution. Cover cropgar to year. However, because the old rows were no longer
might also provide the beneficial rotational effect of doublgsible, locating wheel tracks was more difficult in the
crops seen by Langdale et al. (1990). disked than in the non-disked plots
Because of the subsurface root-restricting E horizon Nitrogen (80 Ib N/acre as ammonium nitrate) was ap-
of many Coastal Plain soils, in-row subsoiling is needegfiied in a split application, half at planting and half one
to help roots penetrate into the clay-textured B horizomonth after planting. For each application, N was banded
In-row subsoiling provides a narrow, soft zone below thgproximately 4 in. deep and 6 in. from the rows. Lime, P,
row that roots can use to penetrate through the E and grWs, B and Mn were applied based on soil test results and
into the B horizon. By adding organic matter from botltlemson University Extension recommendations. Weeds
roots and cover, cover crops may also help maintain lowgére controlled with a combination of herbicides, cultiva-
soil strength. tion (disked plots only) and hand-weeding. Insects were
Our objective was to determine the influence of sutontrolled by applying aldicarb (0.75 Ib ai/acre) in-fur-
face tillage, deep tillage and a rye cover crop on s@dw. Other insecticides were applied as needed.
strength and cotton lint yield. Soil strength was measured in early June with a 0.5-in.-
diameter, 30solid angle cone tip, hand-operated, record-

1USDA-ARS, Coastal Plain Soil, Water, and Plant Research Center, Florence,
South Carolina INg' penetrometer (Carter, 1967). Strength measurements

13
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were recorded to a depth of 24 in. at nine positions acrdsdage

a mid-plot row (from non-traffic midrow to traffic  Mean profile cone indices (M) did not differ between
midrow). Each measurement was the mean of three probifgsked and non-disked treatments. An exception to this
from each subsubplot. Data were recorded on index cajglgs the 1994 non-deep-tilled treatments where disked
and digitized into the computer using the method describggatments had lower M (Table 3). This was a result of
by Busscher et al. (1986). Data were log transformed Bgwer cone indices in the surface 4 in., caused by the
fore analysis for normalization (Cassel and Nelson, 197@)sking. This zone of lower strength was apparent in the
Along with the cone indices, water contents were megther cases (Fig. 1) but not significantly different.
sured at 4-in. depth increments in the non-wheel-track As expected, M for the deep-tilled treatment was lower
midrow and in the row. These selected water conteffgn for the non-deep-tilled treatment (Table 3). An ex-
were considered representative of the water contents deption to this was the disked treatment in 1994 where
each subsubplot. M’s were about the same for both deep tilled and non-
In mid to late October, cotton was chemically defolideep-tilled treatments. The similarity of the M’s could be
ated. In early November, seed cotton yield was measuegglained partly by the residual effects of 1993 subsoiling
by harvesting two interior rows with a two-row spindlen the non-deep-tilled treatment, giving this profile a loos-
picker. Each harvest bag was subsampled, and the subsagiley pattern similar to the deep-tilled treatment (Fig. 1).

was saw-ginned to measure lint percent. Seed cotton yigldo, since both treatments were disked, the upper parts
was multiplied by lint percent to estimate lint yield. of both profiles were loosened.

Data were analyzed using ANOVA and the LSD mean |\ o

separation procedure (SAS Institute Inc., 1990). UnleSs ) ) .
otherwise specified, differences were significantPat ~_ MOSt strength interactions with cover were accompa-
0.05. nied by water content differences. The higher strengths

had lower water contents. Most of these differences were
RESULTS AND DISCUSSION in the lower half of the measured profile.

In late summer 1994, hail ruined part of the field that In the non-disked treatments, the rye cover treatment

included half of replicate one. After this, the replicate wdxd lower cone indices (and higher water content) than the
ignored and the other three were used for ana|ysisl fallow treatment (TabIe 4) This would be consistent with

better infiltration usually associated with treatments that
Depth
) have better cover.
For both years and over all tillage treatments, COnerhe gpposite was seen in the disked treatments, where

index differed with depth (Table 1 and Fig. 1). The highegie tajiow treatment had the lower cone indices (and higher

cone indices were found at the 12- to 16-in. depths, fj&er contents). This would be consistent with root uptake

bottom of the E horizon. This high subsoil strength W the rye.

the main reason for implementing the deep tillage. In 1994, cotton yield was higher for fallow cover in the
Some cone index differences with depth were causggl, gisked treatments and for rye cover in the disked treat-

by water content changes (Table 1). For example, the Sofigt s (Table 4). This was a result of the large amount of

soil below the hard layer (> 16 in.) was also wetter. hyer in the 1994 rye cover treatments that made planting
this depth, soil type generally changed from loamy sanddficyit in the non-disked rye cover and added a signifi-

sandy clay loam. The sandy clay loam held more water 304y amount of organic matter to the disked treatment
had structure. The higher water content reduced cone (ilgauer et al. 1995).

dex and provided nourishment for the root, if it could |, 1995 in the non-subsoiled treatments, cone indices
penetrate the pan above_. The structural faces provide(_j ZQP&ER: lower for the non-disked rye than fallow and higher
of weakness along which roots could grow, even if thg, the disked rye than fallow (Table 4). Lower cone indi-
soil dried and hardened. ces for the non-disked rye suggested that the cover (and
Position the roots from the cover crop growing within the profile)

Cone index varied with position across the row (Tabl€lped maintain low strengths, even for soils with hard-
2 and Fig. 1). These differences distinguished lowB@ns at 12- to 16-in. depth. Higher strengths for the disked
strength under the non-wheel-track midrow (Fig. 1, poske suggest that disking can eliminate these reductions in
tion = 0 in.) than the wheel-track midrow (position = 38trength. Since the profile as a whole was higher in strength
in.). The lowest cone indices were found in the midrowd since disking loosened the upper part of the profile
(position = 19 in.) because of this year's deep tillage GS seen above), the lower part of the profile, the pan,

residual effects from past deep tillage in the non-deeould have had to be compacted. Lower cone indices sug-
tilled treatments. gest higher yields for the non-disked treatment. Higher

yields were found, although they were not significantly

14
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different. Also not significantly different, the 1994 cone

Table 2. Cone indices by position across the row.

index data showed the same trend as the non-subsoiled
1995 cone index data. Water contents for these treat-Position

ments were not significantly different.

Cover crops have a number of known advantages: "®h

Cone Index (Atm)

1994 1995

Non-wheel track 24.3b 19.6b
In row 19.7c 11.9c

eel track 3l.2a 22.3a

ducing erosion, reducing leaching of nutrients and increas-

ing organic matter. It is also advantageous to know th

they can be used without reducing cotton yield (and per-

haps increasing it) by helping maintain low soil strength.
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Table 1. Cone indices and water contents by depth.

Cone Index (Atm) Water Content (Ib/100 Ib)

Depth (in.) 1994 1995 1994 1995
2 10.3f* 8.9f 5.8e 10.6¢

6 21.7e 18.6e 6.0de 10.0d

10 36.1d 24.5d 6.8c 10.0d
14 57.1a 38.5a 6.6cd 10.2cd
18 46.0b 30.3c 8.3b 11.6b
22 41.6¢ 31.3b 10.3a 12.9a

* Means by year with the same letter are not different (LSD at 5%).
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CULTURAL AND CHEMICAL REDVINE (  BRUNNICHIA OVATA) CONTROL IN SOYBEAN
T.A. Castillo, T.K. Keisling and L.R. Oliver

ABSTRACT duce redvine groundcover levels (Elkins et al., 1996). Till-

long-term field study was initiated in 1996 tc?9€ operations may also _contribute to the spread of peren-
evaluate tillage methods and herbicide treatmerfti@! Weeds throughout a field (Soteres and Murray, 1982).
for redvine control in soybeanslycine max The objective of this study was to further develop redvine

Aerial photography and Global Positioning System (GPSPntrol programs in Roundup Ready soybeans with tillage

Global Information Systems (GIS) were used to monit§r€thods and systemic herbicides and to monitor the re-
redvine movement. At trial initiation, redvine populationgf@Wth and movement of redvine within the treatment.

averaged 15 to 25 per?nand resulted in 42 to 50% MATERIALS AND METHODS

groundcover. A split plot design was used with tillage type A 10-ha farmer-cooperator field near Keiser, Arkan-

as the main plot and herbicide treatment as the subplot. - ; . :

) ) ; : .sas, containing a high natural population of redvine was
Tillage types included no-till, conventional, hyperboli¢ : : . .
subsoiler and moldboard plow. Subsoiling and plowing Osglected for study. A split plot design with four replica-
erations were conducted in '.[he fall of 1996. HerbicioﬁeOns was use_d. The mz_iin plqts consisted Of_ four tillf'ige
treatments included no herbicide, glyphosate at 1.1 kg rgi?thods: no-till, conventlona_l _tlllage, hyperbolic subsm_ler
ha (1.0 Ib ai/acre) applied annually to V2 and V6 soybeazri]gd mpldboard plow. Subsoiling a_nql_m_oldboard plowmg
and dicamba at 2.2 kg ai/h (2.0 Ib ai/acre) applied 2 Wequerat_mns were conducted upon initiation of _th_e exper-
prior to 1996 soybean harvest. When a herbicide was s nt in the fall of 1996. Subplots were herbicide treat-

used, moldboard plowing was the only tillage type thrrgents and included dicamba applied two weeks prior to

provided acceptable season-long control (83%). T arvest in 1996 at 2.2 kg ai/ha, glyphosate applied annu-

subsoiler provided 50% control of redvine, but by harve%Ey to YZ and V6 soybez,ins at1l.lkg ""_"ha and an untreated
regrowth had occurred, resulting in only 24% control Stef eck. "Asgrow 4701RR’ soybean cultivar was drill seeded
’ " .10 the 15- x 15-m plots 13 May 1997. Visual control

counts were reduced by moldboard plowing and subsoiling . .
) . ! ratings were taken at planting, one, two and three months
Conventional tillage actually increased stem counts

Glyphosate increased control of redvine for all tillage trezﬁfter planting and at harvest. Redvine stem couritséne

: also taken from the same plot area each year prior to
ments except moldboard plowing. Glyphosate at V2 a .
. : arvest. The entire plot area was harvested for soybean
repeated at V6 provided redvine control for one mon

. ield. Original plot locations were mapped with Global
after the V6 treatment; however, late-season regrowth bsitioning Systems (GPS) technology, and aerial photo-
sulted in only 54 to 66 % control at harvest. Dicamba g >y 9y, P

provided 96% control regardless of tillage type. RedvirgeraIOhS are being taken Sef“'a”r?“a”y to monitor the Ioc_a-
density did not affect soybean yield in 1997, tion and movement of redvine with the use of Geographic

Information Systems (GIS) software. All data were sub-
INTRODUCTION jected to analysis of variance, with means separated by

As reduced tillage systems become more popmgri'shers Least Significant Difference (LSD) at the 0.05

redvine and other perennial weeds are becoming an fffnificance level.

creasing problem in the Mississippi Delta (Elmore, 1984). RESULTS AND DISCUSSION

Redvine has an extensive underground stem and root sys-

tem, capable of vegetative propagation (DeFelice aﬁ\lalage Alone

Oliver, 1980). Control of this weed requires that a sub- When no herbicide was used for redvine control, mold-
stantial concentration of herbicide reach the root systé@ard plowing was the only tillage treatment that provided
(Shaw and Mack, 1991). If applied during the fall, whe@cceptable control for the entire growing season (Fig. 1).
the redvine plants are translocating sugars to their rf§fien the top portion of the soil profile was turned, sub-
structures, dicamba can reduce groundcover levels fotgffanean redvine parts were sliced off 20 cm below the
least two years (Elkins et al., 1996). Disruption of theoil surface. Regrowth from the remaining taproot was

root structure by deep tillage has also been found to Péndered and may have required the formation of new buds
from root tissue. Fragmented stem segments were depos-

I o ) ited at the soil surface. Exposure to cold and wet condi-
1Department of Agronomy, University of Arkansas, Fayetteville, AR 72701.
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tions during the winter of 1996-1997 desiccated theSbaw,D.R.,andR.E. Ma(_:k. 1991.Applicationtimingofherbicidesfor
fragments and prevented regeneration. Both factors led to the control of redvineBrunnichia ovata Weed Technol.
an 83% reduction in stem counts (Table 1). Control with :125-129. o
the hyperbolic subsoiler was much less. The subsoiler df9t€"es, J-K., and D.S. Murray. 1982. Root distribution and
turbed less than half of the soil matrix, leaving many es- reproductive biology of honeyvine milkwee@ynanchum

. . . ' laeve. Weed Sci. 30:158-163.
tablished roots and rhizomes intact for regrowth. At har-
vest, control with the subsoiler was similar to that with
conventional tillage but higher than the no-till check (Fig.  Table 1. Reduction in redvine stems/m 2 1996-1997.

1). Only the conventional-tilage method increased stem Herbicide program
counts (Table 1). Tillage Level Untreated Glyphosate*  Dicamba**
. 1)
+ 6
Tillage + Glyphosate _ No-til 11 21 %
Sequential applications of glyphosate increased redvitgwentional 25 19 99
control over that of tillage alone, except for moldboar8ubsoiler 38 46 100
oldboard 83 72 100

plowing (Fig. 2). Glyphosate provided control for on
i SD (0.05%) = 22
month after treatment; however, late summer regrowth
: : : : : §&lyphosate at 1.1 kg ai/ha applied V2 and V6
caused final rat!ngs to decline, resulting in 54 to 66‘}%icamba at 2.2 kg ailha applied preharvest 1996.
control for all tillage types. Glyphosate reduced stem

counts only in the conventional tillage plots (Table 1).

Tillage + Dicamba

Regardless of tillage type, dicamba provided excellent100
control for the entire year (Fig. 3). Only minimal regrowth
occurred late in the season. 80 L

-|~®= No-till & Conv Subsoail +MOIdboard‘

L LSDg,05) L

Soybean Yield _

Redvine density did not affect yield. While the pre%O
ence of redvine may alter the microclimate through co®-
petition for light and soil moisture, the less-than-corn®
plete plot coverage and narrow-row soybeans compensated20
for the interference. Although redvine may not directly -/'\./'\_
affect returns, the long vines often entangle machinery,
causing substantial tillage and harvest complications. 0 1 2 3 4 5

CONCLUSIONS Months After Planting

Acceptable redvine Cc.'ntrOI reqL.“reS that the undergr(_)ulgl(gj. 1. Redvine control with tillage alone (no herbicide), 1997.
portion of the plant be killed by either moldboard plowing
or the use of dicamba. Split applications of glyphosate can
keep redvine at a manageable level below the crop canopy.
Subsoiling provided early-season control, but stem counts [~ Notil - Conv — Subsoil -+ Moldboard|
at harvest were not reduced over no-till. Conventional till- 1099

age may actually increase redvine populations and areas of N\.
infestation. Redvine did not affect soybean yields. 80 + %

60
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[~ No-till = Conv -#- Subsoil - Moldboard|
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Fig. 3. Redvine control with tillage and dicamba (2.2 kg ai/ha)
applied in fall 1996.
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USING GRID SOIL SAMPLING IN THE MANAGEMENT OF PROBLEM SOILS !
M.B. Daniels, S.L. Chapman, R. Matlock and A. Winfrey

RESEARCH PROBLEMS In order to determine the distribution of soluble salts

nderlying soil fertility problems such as high soand sodium within the field, soil samples were obtained
l l dium levels, excess soluble salts and micronutQn @PProximately a 2.5-acre grid while the field was fal-

ent imbalances can limit plant response to nitrd@W. The grid points were somewhat irregular (Fig. 1) and

gen, phosphorus and potassium fertilizers and lime eJBf'e dense where there was visual evidence of salt prob-
when soil test recommendations warrant such additioffgns (lack of vegetation) to ensure that problems areas
Management options for these soils are sometimes lifiraller than 2.5 acres were not excluded from the sam-
ited due to practical and economic constraints. The obj@iNg- At €ach grid point, samples were collected with an

tive of this study was to determine if the use of precisiQfRCS Probe truck using a 3-in.-diameter collection tube.

agricultural technology could provide information thap@mPles were taken from four depths down to 24 in. in 6-

would increase fertility management options on problef: increments. The samples were shipped to the Univer-
soils. sity of Arkansas Soil Test Lab at Marianna for routine soil

analysis.
BACKGROUND INFORMATION The latitude and longitude coordinates were determined

Grid soil sampling is primarily being used as a basf@r each grid point with a hand-held DGPS (Post Process-
for variable rate application of fertilizers and lime. Rdng). Coordinates for the perimeter of the field were also
gardless of variable rate fertilizer technology, grid soifcorded. Soil nutrient maps were constructed using
sampling may be an important management tool. It praSToolbox GIS software (SST Development Group, Inc.).
vides information at a level of detail that may be nece80il test point data was converted to surface data using
sary for other purposes, such as setting realistic yiddging procedures.
goals, explaining yield variability and trouble shooting RESULTS
problem soils. . - .

Plant response can vary within a field with problem Soil test results _mdlcated low fertility I_evels of PK
soils ranging from seedling death in some locations ggd pH (Table _1)' F'e_ld averages of electrlca_l conduciivity
normal growth and yield at other locations. This variabfEC) and sodium d_'d not indicate excessive levels of
ity can make it difficult to diagnose and remedy the prof°lUble salts or sodium at any depth interval. However,
lem with normal composite soil sampling from good ampdium levels at all depth intervals were highly variable

bad areas. Intensive soil sampling may provide inform@nding from 100 Ib/acre to greater than 999 Ib/acre

tion so that the problem can be adequately identified ai\igximum value reported by lab) with coefficients of varia-

the spatial extent of the problem adequately delineatdgn: ranging from 62 to 80%. For a silt loam texture, it is

Ultimately, this increased knowledge may lead to increas@@ught that sodium values exceeding 500 Ib/acre would

management strategies for problem soils. adversely impact crop growth. The number of acres ex-
ceeding this threshold value increased from 6 acres in the

RESEARCH DESCRIPTION top 12 in. to 7 acres at the 12- to 18-in. depth interval to
The study was conducted in the spring of 1997 in sou#¥? acres at the 18- to 24-in. depth interval (Fig. 1 and 2).

western Hot Spring County in a 70-acre production field. Because the farmer was considering land leveling this
Historically, soybean yields in parts of this field have bedigld, elevation data (locations recorded with DGPS) rela-
severely limited due to excess soluble salts. Within tHi¥e to a benchmark datum was obtained from Bowls Sur-
field, the soils are mapped as Adaton, Gurdon and Saré®ying (Fig. 3). Overlaying procedures using GIS software
silt loams. The Gurdon series is closely related in textut&re performed on the maps in Fig. 2 and 3 to determine
and landscape position to the Foley silt loam, which ifsland leveling would expose more acreage exceeding the

characterized by a natric (high sodium content) horizon.500-Ib/acre sodium threshold (Fig. 4). From this analysis,
it was determined that potentially 4 more acres of sodium

exceeding the threshold might occur in the top 12 in. if
land leveling was performed.

1Published in Arkansas Soil Fertility Studies 1997, Wayne E. Sabbe, editor.
Arkansas Agricultural Experiment Station Research Series 459:24-28.
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PRACTICAL APPLICATION

The results obtained from this study have been usec
help make crucial management decisions related to t
field. From Fig. 1, it was determined that 8% of the fiel
could suffer crop damage from salt. From Fig. 2, 3 and
it was determined that land leveling could potentially ir
crease the sodium hazard in the top 12 in. of the root z
by 4 acres up to a total of 13% of the acreage. The farr
proceeded with land leveling because he felt the advanti
of better water management outweighed the small incre
(5%) in sodium hazard.

By knowing the sodium distribution, the producer wa
able to prioritize his management options. Instead of {
cusing his attention on the 8% of the field affected t
sodium, he can address the low fertility problems in ti
other 92% of the field where pH, P and K are limitin
crop production. Before, it was assumed that poor cr
production from the field as a whole was a result of hig

salt levels rather than poor fertility.
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Rd., Stillwater Oklahoma 74075-0918.

Table 1. Selected soil test results by depth.
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Depth ph P K Na EC
n. e Ib/acre-------- pmhos/cm
0-6 Mean 4.7 11 67 320 190
s.d. (+/-) 0.3 4 13 253 265
Minimum 3.9 10 50 100 35
Maximum 5.6 29 105 999 1366
6-12 Mean 4.8 11 52 328 128
s.d. (+/-) 0.5 4 8 220 140
Minimum 3.9 10 50 113 24
Maximum 6.8 34 105 999 620
12-18 Mean 4.7 11 53 350 134
s.d. (+/-) 0.4 2 12 219 141
Minimum 3.9 10 50 143 24
Maximum 6.8 19 129 999 620
18-24 Mean 4.6 10 57 418 153
s.d. (+/-) 0.3 15 269 148
Minimum 4.0 - 50 136 31
Maximum 6.2 - 148 999 682

Fig. 1. Map of field boundary, soil sample location and sodium
b (Ib/acre) distribution in the top 6 in. Grid cells represent
10,000 ft?(~0.25 acres).

Fig. 2. Map of sodium (Ib/acre) distribution at 18 to 24 in. Each
grid cell represents 10,000 ft 2 (~0.25 acres).
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Fig. 3. Map of cut sheet used for land leveling. Positive values
refer to areas of fill (ft) while negative values refer to areas of
removal (ft). Data furnished by Bowls Surveying, England,

Arkansas.

Fig. 4. Map of intersection between cut areas and sodium
distribution (>500 Ib/acre) at 18 to 24 in. Map created by using
overlay techniques on Fig. 2 and 3.

21



VESICULAR ARBUSCULAR MYCORRHIZAE (VAM) IN NO-TILLAGE COTTON

Ernest H. Flint, Jr., Glover B. Triplett, Jr., Seth M. Dabney,
William H. Batson, Dawn S. Luthe and Clarence E. Watson

INTRODUCTION tualistic with the fungus receiving energy from the plant.

erformance of no-tillage cottonGssypium The plant, in turn, may receive several benefits from the

hirsutumL.) in the mid-South has ranged from yiekﬁssociation. Rich and Bird (1974) reported that early-sea-

decreases (Brown et al., 1985; Stevens et al., 1989)" root and shoot growth of cotton was increased in the
to yield increases (Bradley, 1995; Triplett et al., 1998jresence of mycorrhizal fungi and that these plants flow-
Both the Brown et al. (1985) and Stevens et al. (19 ed and matured bolls earlier. Zak et .aI. (199&_3) suggest
studies were conducted for three years with no-tillad@t the fungus forms a hyphal network in the soil that can
yields improving as studies progressed. Triplett et SETVE as an extension of the plant root system. Thus, a
(1996) reported reduced no-tillage yields for the first ye§f€dling that is colonized early can explore a much greater
of their study with improved productivity as time pro_SO|I volume than_ is possible with a newly developing root
gressed so that no-tillage yields were greater than conve¥stem- Inorganic ions such as P and Zn are absorbed by
tional during years three through five. Thus, a period B}€ fungus and transferred to the plant. This improvement
time may be required for cotton yields to reach their sf P nutrition is a critical factor in soils with low P con-
potential following implementation of no-tillage practicesi€nt: In turn, this can lead to reduced fertilizer require-
Site characteristics may be a factor, as well, in perf(SP—emS and more efficient use of soil nutrients (Marschner

mance of different systems as all studies cited were fd Dell, 1994). ,
cated on coarse ormedium textured soils. The hyphal network may also transport moisture to the

In the non-irrigated study reported by Triplett et apla_nt, r.eplacing water lost through transpiration and b_etter
(1996), percentage yield improvement with no-tillage w&8&intaining plant turgor during dry periods. Mycorrhizal
greatest during moderately dry years. This implies thgl@n.ts recover faster fpllowmg moiderate water deficits
no-tilage improved moisture relations in some manndPafil et al., 1971). This also implies that VAM plants
Increased moisture for the crop could have resulted frdRgy €xhaust stored soil moisture more thoroughly than
increased rainfall infiltration through established macr@!@nts without an extensive hyphal network in place. The
pores, slower runoff due to mulch, reduced evaporatiGlonized plants may also avoid some stresses caused by
under mulch, some factor not yet identified or a combindématodes (Hussey and Roncadori, 1982) and some plant
tion of factors. With a pattern of improved crop produdiseases (Linderman, 1992). Tillage fragments the hyphal
tivity clearly established for no-tillage in longer-term stud?€Work so that it must be reestablished as the crop devel-
ies for cotton as well as other crops (Bruce et al., 1098pS- With no-tillage, an existing network remains intact
efforts to identify mechanisms involved become appr@nd may be exploited by seedling plants (Zak et al., 1998).
priate. An area that has received scant attention in A€ Study reported here was initiated to investigate differ-
tillage cotton research is the possible contribution of m§nces in cotton growth, nutrient uptake and VAM coloni-
corrhizae to the growth and productivity of the crop. ~ 2ation as influenced by tillage practices.

In mycorrhizal associations, fungi of the family MATERIALS AND METHODS
Endogenaceaeolonize roots of host plants. Most plant

families form mycorrhizal associations, including COtton\lentional tillage cotton plots established in 1988, as de-

corn ¢ea maysL._), wheat {riticum aestivuml..) and scribed by Triplett et al. (1996), were used in these stud-
many weed species present between crops or concurfen .
. - I6s. The cotton was planted in early May 1996. The treat-
with the crop. In these associations the hyphae of the fun- . . NN
o ments described below were imposed on individual plots
gal species invade plant roots and form arbuscules, Whg: L/or plants within the study area
facilitate ready exchange of nutrients between the héd P y '

and fungus, resulting in the association known as VARIant Development
(Vesicular Arbuscular Mycorrhizae). This association can Node counts and plant height measurements were be-
be parasitic, benign or beneficial, but it is commonly mgun 5 June when plants were at the four-node stage and

P T — - 4 5o approximately 5 in. tall. Measurements were continued on
Area Extension Agent, Prof. Plant and Soil Sci. Dept., Agronomist USDA- : :
ARS National Sedimentation Lab., Prof. Plant Path., Prof. Biochemistrya%nc}lveekly basis until 6 JUIy'

Head MAFES Experimental Statistics.

No-tillage following a killed wheat cover crop and con-
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Root Colonization for till and no-tillage. During the measurement period,
Root tissue samples were selected at random from bBghtillage plants developed a node each 4.4 days vs. 4.7
tillage treatments in two blocks. Block A had a depth ®@ays for plants in tilled soil. Plants in tilled soil grew
fragipan of 34 in., a 3 to 4% slope and a history of equégnificantly more slowly (0.54 in./day) than no-tillage
yields for both tillage systems. Block B had a 5 to 6@ants (0.83 in./day). Although seedlings emerged in both
slope, a fragipan depth of 22 in. and a yield history of néllage systems at the same time, plants in the no-tillage
tillage greater than conventional. Plants were sampled tggatment grew taller and developed more rapidly than those
29 June at the 10-node stage. Five 1-cm sections of risbthe tilled area. Vivekanandan and Fixen (1991) reported
tissue were selected from each of four plants in eaghsimilar vegetative growth response in corn which they
tillage system. Root segments were stained, and coloni@#tibuted to mycorrhizal activity.
tion sites per cm of root length were recorded. In the colonization study, the overall VAM coloniza-
Hyphal Network and Phosphorus Uptake Studies tion intensity was greater for np—n!lage in the deeper soil
, (Table 1). However, the colonization pattern shown here
Three days after emergence, the following treatmeni§es not explain the previously observed crop yield pat-
were imposed on 10 individual seedlings in both tillagg  of equal yields for both tillage systems in area A.
blocks: 1) no disturbance, 2) a 4-in.-diameter core CUti§fije information is available to indicate how degree of
used to cut around the plant and a 6-in.-deep core &Bjgnization influences mycorrhizal symbiosis.
moved, wrapped in nylon mesh with 60p diameter open- |, the hyphal network study, 34 hyphae/1000y circle

ings and replaced and 3) core cut as in 2) but not removgssed the nylon mesh barrier with no-tillage. This was

The nylon mesh openings were small enough to excludgnificantly greater than the 9 hyphae/1000y circle in the
roots but permitted hyphal penetration. To assess the BYaq treatment. By the time the mesh and plants were
phal network, plants were allowed to develop until matufgyoyed, the plant root system completely occupied the
with open bolls. The fabric was then removed, stained afithfines of the mesh cylinder. The greater hyphal counts
examined for mycorrhizal hyphae. Counts of a single fa;. g tjjlage indicate that the hyphal strands were more
ric sample from each plant were made within & 100Q4merous in the untilled soil, complementing the greater
microscope reticle scale, rotating the eyepiece to crealgqgynization intensity shown in Table 1. This supports, but
circle of 1000u. Each hyphal strand crossing a fabric pQj§es not confirm, the presence of a more established hy-
was counted and recorded. phal network in untilled soil.

In the phosphorus uptake study, 10 days after emer-, \he phosphorus uptake study, no radioisotope activ-
gence one microcurie 6fP orthophosphate was injectedyy, ey significantly greater than background was detected
1in. deep, 6 in. from individual cotton seedlings in treaf| eight days following injection of the tracer and then
ments. one, two and three described above. At the. ini ly for the uncut treatment (Table 2). Since P is immo-
sampling, plants had only one fully formed leaf. This injje in the soil, the isotope was accessed by the plant
creased to two by the last sampling. Leaves from fogner by root uptake or transported through VAM hyphae.
plants were sampled one, four and eight days &fr | 5o of uptake for the cut treatment supports the premise
application by cutting four 1-cm-diameter discs from tignat the hyphal network was disrupted by cutting and was
sue of each leaf. The amount of radioactivity taken up Rt reestablished and functional when the small plants were
the leaves was determined by scintillation spectroscopysamp|ed_

Physiological Evaluations Results from the physiological measurements are shown

These studies were done with a portable Li-Cor LW Table 3. The no-tillage cotton plants were more ac-
6400 Photosynthesis System through courtesy of the M8vgly transpiring at the time measurements were taken.
Crop Simulation Laboratory. The data were collected diis suggests that plants under no-tillage were able to
13 August 1996 under clear skies with temperatures @Rtain more moisture from the soil than under conven-
the range of 89 to 91 degrees F. Data collected includ&nal tillage; however, the level of photosynthesis was
evaluations of stomatal conductivity, transpiration and lev@imilar for the two tillage treatments.
of photosynthesis. Results from the studies with cotton reported here com-

pare favorably with published reports dealing with VAM
RESULTS and other crops. While no cause-and-effect relationships

In preliminary results from these studies, the mean node definitely established, evidence is such that the role of
number for conventional tillage and no-tillage plants wekéAM in no-tillage cotton production warrants further ex-
similar (4.2 and 4.3, respectively). Initial plant heightgloration.
were significantly different (5.0 vs. 5.8 in., respectively)
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NO-TILLAGE SWEET CORN HYBRID RESPONSE TO CARBOFURAN (FURADAN 4 F)
R.N. Gallaher and R. McSorfey

INTRODUCTION MATERIALS AND METHODS

eet corn Zea mayd..) is an economically impor-  The split-plot experiment was conducted on a Arredondo
Sgint crop for Florida. The hot-humid climate ifine sand on the University of Florida, Green Acres
lorida provides an environment for off-seasoAgronomy Field Laboratory in 1997. Main plots were five
sweet corn production at a time when most of the U.S.siweet corn hybrids (‘XPH 3084’; ‘VXT 5 Forever’; ‘VNE
too cold for corn growth. This same environment also ZEndeavor’; ‘VNT 5 Punchline’; ‘XPH 3105’), planted at
favorable for large populations of insect pests, which c28,000 plants/acre, in four-row plots, 2.5 ft wide and 20
reduce yield and quality. Past studies have shown that théong. The two subplots were with the application of
use of the insecticides Counter (terbufos) and Furadaarbofuran (formulated as Furadan 4F) at 1.0 Ib ai/acre
(carbofuran), at planting of field corn, can significantlythe labeled rate) versus a control without application of
increase yield (Gallaher, 1983, 1986a,b; Gallaher andrbofuran.
Baldwin, 1985; Espaillat and Gallaher, 1989). All of the The experimental site was planted to a cover crop of
above research in the 1980’s was with the use of Furadaift Blue” lupin (Lupinus angustifoilug..) in the fall of
15G. This granular formulation was widely used at thE996. On 17 April 1997, the sweet corn was planted di-
time but became restricted and largely unavailable and wastly into the standing lupin with a Brown-Harden In-
replaced with a non-granular formulation. The granular prodew Subsoil (Strip-till) no-tillage planter, using John Deere
uct had the advantage of ease of application and incorptexie 71 planter units. On 21 April 1997, 1.8 quarts Bicep
ration in the seed furrow or row and was easily activatddmixture of atrazine and metolachlor)/acre plus 2 quarts
around the seed zone. The liquid product, Furadan 4F avRibundup (glyphosate)/acre were broadcast over the ex-
able for use at present in Florida, is thought to requiperiment. On 22 April 1997, the subplot Furadan treat-
more sophisticated equipment in order to obtain good aments were imposed by spraying the 1.0 Ib ai/acre treat-
tivation in the seed furrow-zone. ment in a 6-in. band over the row. The Furadan was mixed
In these earlier studies with field corn, we found thatith water at a delivery rate of 30 gallon liquid/acre. The
Furadan performed better than Counter under no-tillageperiment was irrigated within a few hours after applica-
management, but the two products were equally effectitien of Furadan with 1/3 acre-in. of water to move the
in conventional tillage systems. Another discovery wdaradan into the seed zone. On 6 May, 55 Ib N/acre was
that field corn hybrids responded more favorably to ttegplied as ammonium nitrate. On 13 May 480 Ib 13 (N) -
insecticide that had been used in the hybrid breeding pBotP,O,) - 29 (KO) - 1 (Mg) - 2.5 (S)/acre was broadcast
gram. It was not unusual to obtain 40 to 50 bu/acre yiadger the experiment. An additional 50 Ib N/acre as ammo-
increases from the use of insecticides applied in the rowum nitrate was applied 4 June. Supplemental weed con-
at planting time (Espaillat and Gallaher, 1989). These ntesl was by hooded sprayer, post-direct application of 1.5
terials also show activity as nematicides (Norton et ghints Gramoxone Extra (paraquat), with non ionic surfac-
1978). After the loss of the granular formulation ofant added at the rate of 1 pint/100 gallon water.
Furadan in Florida, sales of this product were significaniramoxone Extra was sprayed in 30 gallon water/acre.
reduced. Supplemental gun irrigation water was applied six times at
The objectives of this investigation were to determirggpproximately 1 acre-in. each time during the growing
1) the yield differences among five sweet corn hybrideason.
under no-till management, 2) the effectiveness of the useThe two center rows were harvested for fresh ear and
of Furadan 4F formulation sprayed in a band over the catalk weight on 30 June. Subsamples were taken to deter-
row at planting and 3) effects on plant-parasitic nematodéne dry matter yield. Soil samples for nematode analysis
populations. were collected over each replication and combined at plant-
ing time. Additional samples were collected 18 July from
all plots. Each nematode sample consisted of six cores of

soil (1 in. diameter and 8 in. deep) collected in a system-

1Agronomy Department and Entomology and Nematology Departmgg{ti . . .
respectively, University of Florida, Institute of Food and Agricultural Sciences, C pattern and then combined into a plaStIC bag for trans

Gainesville, FL. port. In the laboratory, a 100-érsoil subsample was re-
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moved for nematode extraction using a modified sieving ACKNOWLEDGMENTS
and centrifugation procedure (Jenkins, 1964). Extractedrhe authors thank Howard Palmer, Walter Davis, John

nematodes were identified and counted under an inverigd jerick and Jacqueline Greenwood for technical assis-
microscope. All data were analyzed by an analysis of vafii, e

ance for a split-plot design, followed by mean separation
by F test or Duncan’s multiple-range test as appropriate. LITERATURE CITED
Espaillat, J.R., and R.N. Gallaher. 1989. Corn yield response to tillage,
RESULTS AND DISCUSSION P hybrids, and insecticides. pp. 33-36. I.D)./ Teare,pE. Brown ’
All sweet corn hybrids responded to application of and C.A. Trimble (eds.). Proceedings, 1989 Southern
Furadan (Table 1). Averaged over all hybrids, fresh ear Conservation Tillage Conference. Special Bulletin 89-1. Inst.
weight was 25% greater from the application of Furadan Food and Agr. Sci., University of Florida, North Florida Res. and
compared to the control. This same statistic for fresh stalk Educ. Center, Quincy, Florida.

weight was a 35% yield increase from application Syallaher, R.N. 1983. No-tillage corn and sunflower yield response

Furadan. Fresh ear yield appeared to be greatest for XPH from Furadan and Counter Pesticides in Alachua County, Florida

. . in 1982. Agronomy Research Report AY-83-05. Agronomy
3084, which was equal to VNE 2 Endeavor. Lowest yields Dept., IFAS, Univ. of Florida, Gainesville, Florida.

were obtained by XPH 3105. Average fresh ear yield fefaner, R.N. 1986a. No-tillage corn response to pesticides, hybrids
VNE 2 was almost 40% greater than that of XPH 3105, and cropping systems at the Green Acres Agronomy Farm in

and with the application of Furadan the difference was 1985. Agronomy Research Report AY-86-05. Agronomy Dept.,
even greater (almost 45%) (Table 1). IFAS, Univ. of Florida, Gainesville, Florida.

In contrast to what one might expect, Furadan did nGgallaher, R.N. 1986b. Corn grain yield response to pesticides in
reduce nematode numbers as measured 18 July. In fact, conventional and no-tillage management. Agronomy Research
root-knot nematode numbers were over 90% greater in R€POrt AY-86-09. Agronomy Dept., IFAS, Univ. of Florida,
plots receiving Furadan compared to the control ploés Gainesville, Florida.

. . . Gallaher, R.N., and J.A. Baldwin. 1985. No-tillage corn results
(Table 2). However, of the two highest fresh ear yielding affected by hybrids and pesticides in 1984 at the Green Acres

hybrids, VNE 2 Endeavor, had significantly lower root- Agronomy Farm. Agronomy Research Report AY-85-08.

knot nematode counts compared to XPH 3084. Agronomy Dept., IFAS, Univ. of Florida, Gainesville, Florida.
Our data show that sweet corn hybrid selection is criffienkins, W.R. 1964. A rapid centrifugal-flotation technique for

cal if yield is a major factor under consideration (Table separating nematodes from soil. Plant Dis. Reptr. 48:692.

1). With yield increases as much as or more than 33¥gSorley, R., and R.N. Gallaher. 1997. Methods for managing

from the application of Furadan, it is obvious that this is Nnématodesinsustainable agriculture. pp. 7%F2.N. Gallaher

one management input that requires consideration by grow- 2nd R. McSorley (eds.). Proceedings 20th Annual Southern

", . . Conservation Tillage Conference for Sustainable Agriculture.
e_r S, under conditions of Fhls_experlment. These S".Ve?t com Special Series SS-AGR-60, the Coop. Extension Service, Inst. of
yield responses to application of Furadan are similar to

. . . Food and Agr. Sci., Univ. of Florida, Gainesville, Florida.
those found for field corn hybrids (Gallaher and Baldwinyoton p.c., J. Tollefson, P. Hinz and S.H. Thomas. 1978. Comn yield
1985; Gallaher, 1983, 1986a,b; Espaillat and Gallaher, jncreases relative to nonfumigant chemical control of

1989). No information was available regarding type of nematodes.J. Nematol. 10:160-166.
pesticide used in the breeding and development of the
sweet corn hybrids used in this study. It is also evident
that Furadan impacted insects or other pests in these sweet
corn hybrids other than the four nematodes measured in
this investigation. It appears that application of Furadan
resulted in an environment that stimulated better plant
growth, which in turn resulted in the healthier plants being
able to tolerate larger populations of root-knot nematodes.
This has been observed and reported for other crops and
cropping systems (McSorley and Gallaher, 1997).
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Table 1. No-till sweet corn yield for five hybrids at two rates of
carbofuran (Furadan 4F).

Carbofuran rate

Hybrid 11bait Olb ai Average

----- Fresh ear weight, ton/acre -----
XPH 3084 5.37 4.33 485a
VNT 5 Forever 4.38 3.86 4.12b
VNE 2 Endeavor 5.01 3.70 4.36 ab
VNT 5 Punchline 3.57 2.77 3.17c
XPH 3105 3.47 2.85 3.16¢c
Average 4.36 3.50 *

---Fresh stalk weight, ton/acre---
XPH 3084 8.02 7.23 7.63a
VNT 5 Forever 7.33 5.06 6.20 b
VNE 2 Endeavor 6.56 4.52 554 b
VNT 5 Punchline 6.18 4.04 5.11b
XPH 3105 3.34 248 291c
Average 6.29 4.67 *

------- Dry ear weight, ton/acre-------
XPH 3084 0.93c¢c 0.81aNS 0.87
VNT 5 Forever 1.32b 0.8la* 1.07
VNE 2 Endeavor 16la 0.92a* 1.27
VNT 5 Punchline 1.14 bc 0.74a* 0.94
XPH 3105 1.04c 0.68a* 0.86
Average 1.21 0.80

------ Dry stalk weight, ton/acre------
XPH 3084 1.86 1.87 1.86 a
VNT 5 Forever 1.89 1.26 1.58 ab
VNE 2 Endeavor 1.64 1.32 148b
VNT 5 Punchline 1.79 1.11 145b
XPH 3105 1.00 0.69 0.84c
Average 1.64 1.25*

Data are averages of five replications. Main effect averages in columns
(a,b) not followed by the same letter are different (P = 0.05), according
to Duncan’s multiple-range test. Sub-effect carbofuran with * or NS for
differences at P = 0.05 or not different at P = 0.05, respectively, according
to F test, except for the interaction for dry ear weight, in which case LSD
was used (LSD = 0.23).

1Carbofuran was formulated as Furadan 4F.

Table 2. Effect of carbofuran (Furadan 4F) treatment and
sweet corn hybrid on population levels of plant-parasitic
nematodes.

Nematodes per 100 cm? soil
18 July

Hybrid 1 April* + carbofuran? - carbofuran Average
Ring nematodes, Criconemella spp
XPH 3084 123 138 130 a
VNT 5 Forever 154 182 168 a
VNE 2 Endeavor 170 195 183 a
VNT 5 Punchline 122 100 111a
XPH 3105 214 192 203 a
Average 128 157 161 NS
Root-knot nematodes, Meloidogyne incognita
XPH 3084 322 130 226 a
VNT 5 Forever 250 123 186 ab
VNE 2 Endeavor 95 39 67b
VNT 5 Punchline 55 61 58 b
XPH 3105 59 51 55b
Average 14 156 81*
Stubby-root nematodes, Paratrichodorus minor
XPH 3084 5 2 3a
VNT 5 Forever 4 7 5a
VNE 2 Endeavor 9 5 7a
VNT 5 Punchline 2 6 4a
XPH 3105 5 2 3a
Average 9 5 5NS
Lesion nematodes, Pratylenchus spp
XPH 3084 35 36 35a
VNT 5 Forever 43 39 41a
VNE 2 Endeavor 22 49 36a
VNT 5 Punchline 53 57 55a
XPH 3105 26 37 3la
Average 10 5 5NS

Data are means of five replications. Main effect averages in columns
(a,b) not followed by the same letter are different (P = 0.10), according
to Duncan’s multiple-range test. Sub-effect carbofuran with * or NS for
differences at P = 0.10 or not different at P = 0.10, respectively, according
to F test. No interactions were significant at P = 0.10.

Data from 21 April pooled across all treatments; average of five
replications.

2Carbofuran (Furadan 4F) treatments: + = 1.0 Ib ai/acre; - = untreated
control.
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SWEET CORN RESPONSE TO YARD WASTE COMPOST
AND LUPIN HAY FERTILIZER TREATMENTS

R.N. Gallaher, J.D. Greenwood and R. McSdrley

INTRODUCTION L.) pod yield increased with increasing rates of lupin hay

he amount of municipal solid waste produced afWieland et al., 1997). Studies showed that application of
nually in Florida grew to approximately 50 mil-2 to 3 tons of lupin Kupinus angustifoliud..) hay/acre
lion tons in 1992. This represents over 7.9 ipyould maximize cowpea yield (Wieland et al., 1997; Xiao

resident/day and is twice the national average of aboufig!-» 1998). In another study, bushbean pod yield reached
Ib/person/day (Smith, 1994). Biodegradable organic wadf@Ximum at 2 tons/acre crimson cloveFrifolium

that could be composted comprises almost 60% of #figarnatumL.) hay (Wade et al.,, 1997). The objective of

total municipal solid waste. Compostable organic mattihS Study was to investigate the changes in soil properties

in municipal solid waste includes such things as yard trifind impact on sweet cordga mayd..) yield from use of
mings, paper, fast foods, animal manure, crop residne@/C at five rates of lupin hay as an organic source of N

and food processing residuals. Yard waste trimmings makef other nutrients.
up 7.4 million tons annually in Florida (Smith, 1994). MATERIALS AND METHODS

Shquld all yard waste trimmings be composted, about 4This research was conducted the fifth year (1997) fol-
million tons of compost could be produced annually. In

the U.S., federal law prohibited the use of unlined Ian!}o_wmg application of 120 ton YWC/acre each year for the

fills by 1994 (Kidder, 1993). Florida law restricts th revious four years (Table 1). A winter cover crop of ‘Tift

. ; oo . lue’ lupin was mowed closely just prior to planting sweet
disposal of organic yard waste in lined landfills. Thesg g ,
: . corn. ‘Silver Queen’ sweet corn was planted at 28,000
laws have encouraged a large industry to develop in Flori . . .
T ; ants/acre in four-row plots, 30 in. wide and 12 ft long
whose objective is to produce wood chip mulch and com-. . : . S
using a Brown-Harden in-row subsoil no-till (strip-till)
post from yard waste, often called yard waste compa

) ?anter. Seeders on the planter were John Deere Flexie
(YWC). These products should be environmentally safe ?cls The three main-plot F:reatments were residual YWC

apply to farmland and result .in potential benefits not Onﬁyumulative treatments (480 ton YWClacre no-till; 480
?V\t/ré:e :;irnmggb;t a}:zg ticr)1 slgfity ?JZr?tiriv:soﬁ 'f:;rrmﬁ;ﬁ;n%cc?h YWCl/acre conventional tillage; conventional tillage

: pp Jarge g . cgntrol) from the past four years. No additional YWC was
help improve soil properties and crop yield (Gallaher an

McSorley, 1994, 1995; Giordano et al., 1975; KIuchinsl%pp"ed in 1997 prior to planting this experiment. Sub-

et al., 1993; Mays and Giordano, 1989; Mays et al., 19‘})\4Ots were five ratgs of .ll.me h".’ly (0’. 2,4,6,8 ton_/acre) as
Wolley, 1995). a source of organic fertilizer, either incorporated just prior

Nitrogen is the single-most-important fertilizer inpu%0 planting or side-dressed as a mulch immediately after

and is required in the laraest quantities for cron prod Cl_anting. All treatment combinations were replicated four
N gest q PP imes. The crop was hand hoed for weed control as needed.

iSASproximately 1 acre-in. of irrigation was applied six
ear leaf at full silking and tasseling is between 2.5 aﬁmes' No chemical management inputs were made. Ear
9 9 > A samples were collected at early silking and analyzed

0 ili =z
3.0% (\.]ones et aI_., 199.1)'. .Normal N fertilizer FeCOMLr N concentrations (Gallaher et al., 1975). Soil samples
mendations may differ significantly for crops grown on S )
were collected from the top 8 in. in February prior

soils having received large quantities of YWC or other . . : :

. ) oplanting corn and in August following corn harvest. Soil
biodegradable organic waste product. Legumes are know .

samples were analyzed for extractable nutrients, pH, or-

to contain significant quantities of N and other fertilizer_ . : : .

. .-ganic matter and cation exchange capacity. Soils were fur-
elements and can serve as sources of organic fertili el analvzed for plant-narasitic nematodes USiNG ApOro-
(Wade et al., 1997; Wieland et al., 1997; Xiao et al., 199?__); y P P 9 app

sufficient level of N if the concentration in the diagnost

Soil K and Mg increased and diagnostic leaf N and late _procedures (McSorley and Gallaher, 1997; and

. . . . enkins, 1964). All data were analyzed by analysis of vari-
concentrations increased as cowp¥®igifa unguiculata g ) .
ance for a split-plot design, followed by mean separation

by Duncan’s multiple-range test.

University of Florida, Institute of Food and Agricultural Sciences, Agronomy
Department (Gallaher and Greenwood) and Entomology and Nematology
Department (McSorley), Gainesville, Florida.
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Tillage Conference for Sustainable Agriculture. Special Seriegable 1. Analysis of yard waste compost used on the Green

SS-AGR-60, University of Florida, Inst. Food & Agr. Sci., Coop. Acres Agronomy Field Laboratory research plots.
Extn. Serv., Gainesville, Florida. Year
Wieland, C.E., J.A. Widmann and R.N. Gallaher. 1997. Lupin hay4galysis 1993 1994 1995 1996
an organic fertilizer for production of ‘White Acre’ cowpea. ppDM %* 451 49.8 50.7 57.7
100-1071n: R.N. Gallaher and R. McSorley (eds.). Proc. 20tOM % 48.2 59.2 42.2 52.2
Annual Southern Conservation Tillage Conference féf % 33.5 313 33.5 320
Sustainable Agriculture. Special Series SS-AGR-60, Univers _% ) 0.81 0.91 0.98 0.63
of Florida, Inst. Food & Agr. Sci., Coop. Extn. Serv., Gainesvill&\ a0 417 344 36.4 508
. pH chopped 6.2 75 - 6.5
Florida. . . . pHground 6.3 7.1 7.0 6.2
Wolley, J.S., Jr. 1995. The switch from conventional to sustainalye, o, 3.43 3.41 1.14 1.47
Resource, April 1995:7-9. Mg % 0.18 0.19 0.07 0.17
Xiao, Y., M.W. Edenfield, E. Jo and R.N. Gallaher. 1998. Productien% 0.22 0.29 0.14 0.31
and leaf nutritional response of ‘White Acre’ cowp¥#pha P % 0.17 0.18 0.08 0.15
unguiculaty to management strategies of perennial pearfgt PPM 23.0 18.0 18.0 22.0
(Arachis glabrati hay as an organic fertilizer. Agronomy Res € PPM 1953.0 18250 26080 26150
Rept. AY-98-01. Agronomy Dept., Inst. Food & Agr. Sci., Univ™M" PPM 180.0 188.0 750 97.0
. . - ? Zn ppm 102.0 118.0 138.0 148.0
of Florida, Gainesville, Florida.
DM % = dry matter; OM % = organic matter in DM; chopped = compost
samples were chopped into coarse particles using a grinder; ground =
sub-samples of the chopped samples were ground with a Wiley mill to
pass a 2-mm stainless steel screen. Values are the average of four
replications. The source of the compost was Wood Resource Recovery,
Gainesville, Florida, from 1993 to 1995 and Enviro-Comp Services Inc.,
Jacksonville, FL in 1996.
Table 2. Mehlich | extractable elements, Kjeldahl N and other soil analyses after yearly application
of 120 ton yard waste compost/acre/year from 1993 to 1996.
Cumulative Yard Waste Compost-YWC (120 ton/acre/year)
No-till Conv-till Conv-till
Analysis Unit LSD Ccv 480 ton/acre 480 ton/acre 0 ton/acre
Winter 1997, no YWC added in 1997, test prior to planting sweet corn
N ppm 448 21.7% 1613 1530 442
P ppm 12 6.3% 140 132 67
K ppm 15 20.0% 52 49 25
Na ppm 4.3 15.2% 20 19 10
Ca ppm 566 21.4% 2163 2042 374
Mg ppm 36 17.7% 158 151 46
Cu ppm 0.14 19.6% 0.30 0.33 0.61
Fe ppm 1.03 14.3% 3.8 4.5 4.1
Mn ppm 1.74 13.0% 10.5 9.9 2.8
Zn ppm 2.57 13.6% 14.6 14.1 4.0
pH 0.15 1.3% 6.9 6.8 6.6
BpH NS 0.3% 7.88 7.86 7.86
OM % 1.21 21.4% 4.38 4.18 1.31
CEC meq/100g 3.18 18.6% 13.35 12.80 35
Summer 1997, test following sweet corn harvest
N ppm 440 23.2% 1063 1123 428
P ppm 22 11.6% 122 126 84
K ppm NS 41.6% 40 32 37
Na ppm 9.6 15.1% 44 37 30
Ca ppm 676 30.2% 1709 1834 336
Mg ppm 45 28.7% 115 121 39
Cu ppm 0.20 31.2% 0.30 0.33 0.52
Fe ppm 2.47 16.1% 7.3 8.5 10.8
Mn ppm 3.29 22.1% 10.1 11.2 45
Zn ppm 4.05 23.6% 12.2 134 4.1
pH 0.20 2.2% 6.8 6.7 6.2
BpH NS 0.3% 7.83 7.82 7.79
oM % 0.64 21.5% 4.14 3.82 1.26
CEC meq/100g 3.96 25.5% 11.15 11.86 3.89
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Table 3. Nitrogen concentration in ear leaf of ‘Silver Queen’
sweet corn from yard waste compost and lupin treatments.

Yard Waste Compost Treatments

Lupin Hay No-Till Conv-Till Control
tons/acre %N
0 240 L 249 L 187 L
2 251 S 262 S 243 L
4 271 S 273 S 249 L
6 282 S 283 S 274 S
8 274 S 270 S 274 S

LSD (P = 0.05) = 0.28; CV = 7.4%; No-till and Conv-till treatments received

a cumulative total of 480 tons yard waste compost/acre in 120 ton/acre/
year increments from 1993 to 1996. No compost was applied in 1997.
L = low and S = sufficient levels of N in ear leaf according to Jones et
al., 1991.

Table 4. Effect of yard-waste compost on nematode
population levels in plots of ‘Silver Queen’ sweet corn, 1997.

Sampling Date

Compost Treatment 6 March 28 July
Nematodes per 100 cm?® soil
Ring (Criconemella spp.)
Mulch, No-till 66 143
Incorporated, Conventional-till 66 399
Control, Conventional-till 105 328
Root-knot (Meloidogyne incognita)
Mulch, No-till 24 222
Incorporated, Conventional-till 10 172
Control, Conventional-till 10 172
Stubby-root (Paratrichodorus minor)
Mulch, No-till 1 1
Incorporated, Conventional-till 0 4
Control, Conventional-till 2 3
Lesion (Pratylenchus spp.)
Mulch, No-till 12
Incorporated, Conventional-till 20 24
Control, Conventional-till 31 25

Data are means of four replications. No significant treatment effects at P
< 0.10.

Compost applied as mulch or incorporated, both treatments at 480 ton/
acre.
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INFLUENCE OF TILLAGE SYSTEM, PLANTING DATE AND CULTIVAR SELECTION ON
SOIL WATER AND SOYBEAN YIELD UNDER DRYLAND SOYBEAN PRODUCTION

E.C. Gordon, T.C. Keisling, D.M. Wallace, L.R. Oliver and C.R. Dillon

ABSTRACT the possibility of drought during a growing season require

periments were conducted at the Northeast R&_production system to avoid or tolerate the effect of a
Eearch and Extension Center (NEREC) at Keisdlrought. Manipulation of practices such as tillage system,

rkansas. in 1995 and 1996 to determine the inﬂg_l'anting date and cultivar selection could potentially in-
ence of tillage system, planting date and cultivar selectibff@S€ soybean yield under dryland conditions.
on soil water storage, soybeaBlycine max L. Merr.) Tillage Practices

yield and economics. The soil series was Sharkey silty Typical soybean production in the mid-South includes

clay. ‘Williams 82", ‘Manokin’ and ‘RA 452’ soybean cul- some type of mechanical tillage for seedbed preparation
tivars were planted in mid-April, and RA 452, ‘PioneefBowers, 1995). The general purpose of conventional till-
9592' and ‘Pioneer 9641’ were planted in mid-May, midage is to control weeds and create a favorable environ-
June and mid-July. The cultivars were stripped in thrggent for seed emergence and plant growth. Conventional
production systems consisting of no-till, fallow and conillage provides a tilled soil layer of 15 to 25 cm deep.

ventional. Soil water levels were monitored gravimetrNo-till is a cropping system in which the soil is left un-

cally in each tillage system weekly to a depth of 60 cristurbed prior to planting, and weed control is accom-
The Sharkey silty clay maintained high soil water storagfished by herbicides. No-till systems are associated with
of 8 to 10 cm in the O- to 60-cm depth. Sharkey silty claypnservation tillage, which is defined as a tillage and plant-
was able to maintain high soil water for April- and Maymg system that maintains at least 30% of the soil surface

planted soybean. The adequate soil water resulted in hightered by residue at the time of crop emergence (Dick
yields for April- and May-planted soybean with the earlgt al., 1989; Parsch et al., 1993).
maturity-group cultivars, Williams 82 and RA 452. De-

layed planting dates conserved soil water and resultedclﬂsJ[S

the highest soybean yields in June- and July-planted so _Differen_t management practices result in varying costs
bean with Pioneer 9592 and Pioneer 9641. The June RbProduction. Webber et al. (1987) noted that no-till pro-
till production system had the highest costs becausedyftion systems reduce soil erosion, decrease overall fuel
high herbicide usage. The highest net returns correspon@@gSUmption and equipment costs and conserve soil mois-
to the highest soybean yields. Overall, under a convdiie: Although no-till generally saves fuel, labor and ma-
tional production system on a Sharkey silty clay, the mdgtinery costs, total costs may be higher due to increased
profit was obtained when an early maturity group soybeQﬁrb'C'de expenditures as compared to conventional sys-
was planted in April or May. tems (Letey, 1984).

INTRODUCTION Planting Date _ _
) ) Soybean production in the mid-South has been prima-
Dryland soybean production encompasses approximatgly jimited to Maturity Group V and VI cultivars, which

65% of soybeanGlycine maxL. Merr.) grown in Arkan- are planted in May and June. Yield reductions due to
sas. The low profitability of soybean relative to some Oth@Fought stress occur in these cultivars quite often, be-

enterprises has resulted in increased interest in minimygy,ceq they are blooming, setting pods and beginning seed
input production systems. The common occurrence Offqyring July and August when there is a high probability

drought in the mid-South from mid-July to mid-Septems; oil moisture deficit. Changing the planting date to an
ber has contributed to low and stagnant yields in drylagdjier or later time would shift the time when soybean

soybean (Bowers, 1995; Heatherly, 1996). Commonly, s hioom, set seed and mature, thus creating the possi-

planted Maturity Group V and VI cultivars are in the Critipjjiry that moisture stress could be avoided during these
cal reproductive stages during the late-season drought, @i periods. In the mid-South, higher rainfall amounts
their yield potential can be greatly reduced by thegecyr in the spring and fall with the greatest spring rain-
droughts (Miller, 1994). Dryland producers subjected {g occurring from April to early June. This corresponds

‘Res. Assoc. and Prof. of Agron. located at NEREC, Keiser, Arkansas. Forw,tletrh_early b'9°m and pOd set _m Aprll—planted, e,arly matu-
Grad. Student, Prof. of Agron., Assoc. Prof. Of Agric. Econ. located HEY, indeterminate and determinate soybean cultivars (Bow-

Fayetteville, Arkansas, respectively. ers, 1995; Miller, 1994). The early maturity group culti-
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vars experience cooler temperatures and lower evaporaConventional tillage may promote degradation of the
tive demand, which reduces overall water demand. Téeil physical condition by reducing the soil pore volume
ability of early maturity group cultivars to bloom and sednd water storage area (Letey, 1984). Tillage increases
pods under milder temperatures with adequate moisttine susceptibility of the soil to compaction by traffic or
increases the chance of profitable yields (Board and Halgtural consolidation. Plants growing in soils with tillage
1984; Heatherly, 1996; Miller, 1994). pans may undergo severe moisture stress after 5 to 8 days
Planting early-maturing cultivars, however, has disad4thout rainfall (Reeves and Tyler, 1996).
vantages. Cool temperatures can delay emergence and r&sonservation tillage results in greater compaction of
tard growth rate. Planting dates may also be delayed doe top 10 cm of soil as compared to conventional tillage.
to spring rains, and a reduction in seed quality can oc¢lmwever, this compaction can prevent more severe com-
(Unger and Cassel, 1991). Weed control problems at Igaiction at greater depths (Reeves and Tyler, 1996). Soils
drop may be associated with early Maturity Group Il angith less-available moisture favor high yields in early-
IV cultivars (Dombek et al., 1995; More, 1994, Parsch setaturity group cultivars whereas deep soils favor high
al., 1993). This can create harvesting problems and negaslds in late maturity group cultivars (Miller, 1994).
sitate the extra cost of a desiccant application. The objective of this research was to evaluate cultural
Research that has been conducted on late plantingprmafctices, including tillage practice, planting date and cul-
soybean has provided lower yield results for July plantitigar selection, for potential to increase soybean yield and
dates as compared to May and June planting dates (Hancpobfitability under dryland conditions.
1994; Moore, 1994). Some research at many locations
. . MATERIALS AND METHODS
suggests that day length, not water stress, is responsible
for the declining yield after mid-June, since the yield re- Field experiments were conducted in 1995 and 1996 at
duction could not be eliminated with irrigation (Beuerleirihe Northeast Research and Extension Center at Keiser,
1988; Board and Hall, 1984; Reeves and Tyler, 199@)kansas, on a Sharkey silty clay soil series. The experi-
Board and Hall (1984) have shown that a major reason fBental design was a split-split strip plot with four replica-
yield losses at nonoptimal planting dates is inadequédi@ns. The individual plot size was 3 m wide by 7 m long
vegetative growth due to premature flowering, but yieMith 9-m alleys. The main plot was four planting dates:
losses due to late planting dates vary by year. mid-April, mid-May, mid-June and mid-July. Subplots were
Indeterminate growth characteristics are being utilizédlage levels: no-till, fallow and conventional. Three soy-
more in southern cultivar selection. The main differend®an cultivars were stripped within each tillage level. The
in growth habit between the determinate and indeternfijlage subplots had a 3-m fallow border between tillage
nate types is that indeterminate cultivars continue mastems. The plots were not irrigated. Weather data were
stem elongation several weeks after the plants begincgdlected at the location, and all production inputs were
flower; whereas determinate cultivars halt elongation &fcorded by planting date and production practice.
the main stem at the onset of flowering (Beuerlein, 1988). Tillage levels were based on practices that potentially
Indeterminate cultivars can cease growth temporarily ag@nserve soil moisture. No-till plots were not disturbed
then restart when stress is removed. These growth chafe@n the fall prior to experiment establishment until the
teristics may be important factors for soybean grown @®nclusion of the experiment. The fallow treatments were

the mid-South due to prolonged drought conditions.  tilled 3 to 5 cm deep with a roto-tiller following each
rainfall event prior to planting. Conventionally tilled plots

Soil Moisture were tilled 10 to 15 cm deep in the fall and prior to

_ Tillage systems influence soil water content througfyhean planting or when vegetation reached a height of
infiltration and runoff, evaporation and precipitation stofg 5 24 cm.

age. Evaporation from a soil is affected by the residuesgrpicide programs were designed for complete weed
left on the soil surface and by the soil properties. Tillage o (Table 1). Two weeks prior to planting, the no-till
alters infiltration and runoff through surface residue, bugS/stem received a burndown application of glyphosate
densﬂy and soil crusting. . . (Roundup Ultrd) to desiccate winter weeds and emerging
Soil crusts may develop on no-till and conventionally,mer annuals. The no-till and fallow systems then re-
tilled soils, reducing water infiltration and increasing runsgjyeq applications of metolachlor (DuaP)k a premix
off. Water infiltration and runoff are also influenced by meatribuzin and chlorimuron (Candyapplied preemer-
surface residue and bulk density. Soils with high residyence A preplant incorporated application of trifluralin
prevent the formation of soil crusts. If soil residue i reflarf) + metribuzin and chlorimuron (Candpywas

adequate, surface infiltration will be enhanced. Soils wi plied to the conventional system. All tillage systems

low residue levels require tillage for enhanced infiltratiofyceived fomesafen (Reflixas a post-emergence over-
(Unger and Cassel, 1991). the-top application as needed for weed control during the

33



ARKANSASAGRICULTURAL EXPERIMENTSTATION SPECIAL REPORT186

growing season. Dates of post-emergence herbicide apybean yields due to the shallow sampling depth. In 1996,
plications varied and are presented in Table 2. the soil was sampled to a depth of 60 cm with a new
Cultivars were selected from the Arkansas Variety Ssampling technique utilizing lubricants, and only these data
lection Program (Dombek et al., 1995) and varied withill be discussed.
planting date (Table 3). Cultivars in Maturity Groups lll Planting date significantly affected soil water storage
and IV were selected for the mid-April planting date, arehd soybean yield and will be discussed by specific plant-
cultivars in Maturity Groups 1V, V and VI were used in théng date. Also, cultivar selection significantly affected soy-
mid-May, mid-June and mid-July planting dates. Both ifean yields at the varying planting dates. Therefore, indi-
determinate and determinate cultivars were used in thidual cultivar yields will be discussed within a planting
cultivar selection. date. Soil water sampling was taken at random across the
Soybean seeds were planted flat in 18-cm row spacitgee cultivar strips for each tillage level. Therefore, cul-
with a 3-m-wide John Deere no-till drill. Seeding rate wdisars and their effects on soil water storage and econom-
9 to 12 seeds/m of row. Plots were harvested with a pics could not be evaluated.

combine at maturity. Soil Water Storage

Soil moisture in the tillage production systems was . o .
. . : In 1996, soil water storage was similar among the April,
measured gravimetrically at planting and every week dwﬁ_

ing the growing season, except after rainfall when soi &y and June planting dates (Fig. 1). Frequent rainfall

) réplenished soil water levels until August. However, some
were saturated. Soil samples were taken at random to L . . :
variation in soil water levels was observed in June and in

depth of 8 cm from each tillage method plot at plantinf%e duration of drought during each planting date.

and after planting in 1995. l.n 1996’. soil samples WET€ The April planting date had the lowest soil water stor-
taken to a depth of 60 cm. Soil sampling was discontinued . . : ) : .
. : ) . ; e in mid-June to mid-July (Fig. 1). Since soil water
when the earliest maturing cultivar in the planting date:. . . : X
utilization began in April, the April-planted soybean roots
reached the R6 growth stage. . d
. . . had removed soil water for the longest duration. Drought
Economic analysis of the experiment was conducte

using the Mississippi State University Budget Generat(c:);fndmons did not occur until August, allowing the April-

L anted soybean to reach maturity before severe water
computer program. All economic inputs were record L . o
. stress. These results coincide with the findings of Bowers
and entered. Variable and total costs were generated al

with net returns. The average price of soybean used in ﬁge; 5) and Miller (1994). : L .
. : he May and June planting dates maintained slightly
economic analysis to calculate net returns was $5.92/bu.

All data were subjected to analysis of variance usirrlslﬁlygher soil water levels in June and July than the plots
)

the GLM (General Linear Model) procedure of SAS. Mea anted in Apnl (Fig. 1.)' Thg May and June planting dates
. . . conserved soil water in April and May that could be used

were separated using Fisher's Protected LSD (0.05). . .
in June and July. In August, the May and June planting

RESULTS AND DISCUSSION dates decreased dramatically in soil water. Drought condi-

Soybean yields, economic costs and net returns coliRf?S resulted in the use of all available soil water.
be pooled over years. Environmental conditions varied little The July planting date maintained the highest soil water
between years. Rainfall levels were higher in 1996 but difPrage in August during the drought conditions (Fig. 1).
not significantly affect soil water storage or soybean yieldh€ delayed planting date allowed soil water conservation
Tillage level had few significant influences on soil wall APril, May, and June in the absence of vegetation. Pre-
ter storage and soybean yield (data not shown). The tilla@us research (Hancock, 1994) showed that weed-free
levels implemented were expected to alter soil watBfe@s have higher soil water storage.
evaporation rates and soil water storage (Mwendera é&wybean Yields

Feyen, 1994). However, the shallow tillage operations The April- and May-planted soybean had the highest
could not be conducted immediately after rainfall due {gelds (Table 4). Soybean yields decreased when the plant-
travel and labor restrictions, and some evaporation Qfg date was delayed due to drought and decreasing photo-
curred before the implementation of the fallow tillaggeriod.
system. Consequently, soil water samples were taken afThe Maturity Group IIl cultivar, Williams 82, yielded
ter evaporation losses in each production system. the highest of the April-planted cultivars. The early matu-
Soil samples for soil water storage determination wefigy cultivar matures during the highest soil water storage
taken randomly by planting date each year. As a resydiyels, and its indeterminate growth patterns can increase
years could not be combined by sampling date and will §ggetative growth, which can increase soybean yield. There-
discussed separately. Soil samples for soil water storag, Maturity Group Ill cultivars can avoid water stress
determination were taken from only a O- to 8-cm depth #hd produce high yields (Bowers 1995; Heatherly, 1996;
1995, and there was no influence on soil water storagemiller, 1994). The Maturity Group IV cultivars, RA 452
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and Manokin, have a longer growing season, which ekine. The high cost of the no-till production system re-

tended the reproductive stage into drought conditions fulted in a decrease of approximately $80/ha and $62/ha

a longer duration (Fig. 1) and affected yield. in net returns as compared to the fallow and conventional
RA 452, a Maturity Group IV cultivar with indetermi-production systems, respectively.

nate growth, had the lowest yield of the cultivars planted Average net returns were the highest in April and May

in the delayed planting dates due to premature floweriptanting dates (Table 6). After May, net returns decreased

(Table 4). Pioneer 9592, a Maturity Group V cultivar witsharply, becoming the lowest in July. A relatively low

determinate growth, had the highest yields and was ttamge occurred in soybean yields between years, and the

best-suited cultivar for the May and June planting datgdanting dates with the highest net returns should be used.

Pioneer 9641, a Maturity Group VI cultivar with determiTo achieve the lowest risk in soybean production and high-

nate growth characteristics, had the longest growing seat average net returns, the planting dates for soybean

son of the cultivars and the lowest yields when plantedshould spread out among all the planting dates.

May and June due to dry conditions during its reproduc- SUMMARY

tive period. However, when planted in July, Pioneer 9641

had the highest soybean yields. Soil Water Storage

Economics Costs The Sharkey silty clay maintained approximately 8 to

The conventional production system had the Iowe’%}J cm of soil water to a 60-cm depth. Thus, April- and

costs (Table 5). Mechanical preplant tillage operanonsay plan_ted soybeans on the Shark_ey silty cIay. poten
. . : . tially avoided drought stress by maturing before soil water

for weed control in conventional tillage resulted in lower . .
. . o was depleted in the root zone. Cumulative water removal
production costs than equivalent herbicide programs | : )
no-till of early-planted soybean resulted in low soil water levels

The fallow production system costs were slightly higthrurlng July and August under drought conditions. Main-

. . .faining a vegetation-free surface conserved soil water,
than the conventional production system. The fallow-till-, .
) . ich could subsequently be used by late-planted (June
age system had shallow tillage after rainfall events of ;/91 : . .
. : and July) soybean. This would be especially important dur-
cm to destroy soil crusts. Shallow tillage was often per- ) :
. . .ing seasons with prolonged drought periods.
formed two or three times a month during frequent rain- _
fall events. Thus, the high number of tillage operatiofybean Yields
increased costs in the fallow production system as com-Soybean yields were influenced by planting date and
pared to the conventional production system. cultivar selection. April- and May-planted soybean plots
The no-till production system had the highest cosyielded the highest with the Maturity Group Il indetermi-
(Table 5), because no-till required the application of rate Williams 82 being the best for April planting. The
preplant burndown herbicide for adequate weed contrBioneer 9592 Maturity Group V determinate cultivar was
The preplant burndown herbicide application was mobest suited for May planting. RA 452, a Maturity Group
costly than mechanical tillage, resulting in higher variabl¥ indeterminate cultivar, also had high yields when planted
and total costs than the conventional tillage productiamMay. Soybean yields typically declined in June and July
system. planting dates relative to April and May plantings. Pioneer
The June planting date, regardless of tillage syste®@592 should be planted in May. June and July planting
had the highest variable and total costs and July the lowdstes should be avoided.
of the planting dates under fallow and conventional prgsnomics
duction systems (Table 5). This was due to weed pressure . .
No-till production systems were always more expen-

which necessitated post-emergence applications for June : :
. ) ; ; Sive than the fallow or conventional production systems.
planting dates, while July planting dates required only pre-

lant or preemergence herbicide applications (Table (jllage operations cost less than herbicide applications
b P 9 bp i weed control. Planting dates influenced costs because

The lowest production variable and total costs in the no: "y . . .
. X . ; .. Of herbicide requirements with the June planting date hav-
till production system were in April due to low herbicide . . . .
ing the highest cost. High weed pressure in June required
costs (Table 5). o -
repeated applications of postemergence herbicides and re-
Net Returns sulted in high herbicide costs. The lowest cost occurred
Production systems greatly influenced net returns (Taliethe July planting date, which did not have to rely on
6). The no-till system provided the lowest net returns dpest-emergence herbicide applications.
to higher herbicide costs. The slight increase in costs of A no-till production system resulted in approximately
the fallow production system did not affect net returng, $80/ha and $62/ha loss in net returns as compared to the
since the fallow system had slightly higher net returfisllow and conventional production systems, respectively.

than the conventional system for all planting dates except
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The net returns at each planting date followed the same Table 1. Herbicide programs.
trend as soybean yields. April- and May-planted soybeans Method of
had the highest yields and highest net returns. Trade name Common name application” Rate
kg/ha
LITERATURE CITED Roundup Ultra? glyphosate PPBD 1.12
Beuerlein, J.E. 1988. Yield of indeterminate and determina'?éfa1| Il + Canopy®  metolachlor + PRE 28

chlorimuron/metribuzin
trifluralin + PPI 112
chlorimuron/metribuzin

semidwarf soybean for several planting dates, row spacings, 34|, + Canopy*
seeding rates. Prod. Agric. 1:300-303.

Board, J.E., and W. Hall. 1984. Premature flowering in soybeans agdl ex 3 fomesafen POST 0.42
yield reduction at nonoptn_nal planting dates as influenced Wethod of application: PPBD = preplant burndown, PPl = preplant
temperature and photoperiod. Agron. J. 76:700-704. incorporated, PRE = preemergence, POST = postemergence.

Bowers, G.R. 1995. An early soybean production system for drougfiiatments used only in no-till tillage system.
avoidance. J. Prod.Agric. 8:112-1109. STreatments used only in no-till and fallow tillage systems.

reatments used only in conventional tillage systems.

Dick, W.A., R.J. Rosenberg, E.L. McCoy, W.M. Edwards and IAZT
Haghiri. 1989. Surface hydrologic response to soils in no-tillage.
Soil Sci. Soc. Am. J. 53:1520-1526.

Dombek, D.G., R.D. Bond and S.B. Cain. 1995. Arkansas soybean  Table 2. Postemergence herbicide applications.
performance tests 1994. Univ. Ark., Variety Testing Publ. 2055.

Application timing and soybean stage

Hancock, F.G. 1994. Using row spacing and planting date to y@inting 1995 1996
advantage. Proc. South. Soy. Conf. 2:138-140. date Herbicide Date Stage Date Stage
Heatherly, L.G. 1996. Performance of MG IV and V soybeans in eaglyril Reflex 6/21 V5 6/27 V5
and conventional plantings in the Mid-South. Proc. South. Sayay Reflex  6/21 V3 6/27 V3
Conf. 4:6-10. June Reflex ~ 7/08 V2 7114+7/25  V2+V3
Letey, J. 1984. Relationship between soil physical properties and cldp Reflex ~— 7/25 V2 ---

production. Soil Sci. 1:277-294.
Miller, T.D. 1994. Why early soybeans? A summary of the Texas
experience. Proc. South. Soy. Conf. 2:103-105.

Moore, S.H. 1994. Potential for increasing soybean yield at late Table 3. Planting date and cultivar selection.
planting dates using cultivars with indeterminate stem growth afgnting _ Maturity Growth
delayed flowering. Proc. South. Soy. Conf. 2:192-197. date Cuitivar group  characteristics®
Mwendera, E.J. and J. Feyen. 1994. Effects of tillage and evaporalfigApril Williams 82 i D
demand on the drying characteristics of a silt loam: An Manokin v D
experimental study. Soil and Tillage Res. 32:61-69. Ring Around 452 v D

Parsch, L.D., N.S. Crabtree and L.R. Oliver. 1993. Economics of Wa-May, Ring Around 452 v D
till and conventional tillage for soybean crop rotations. Progsig-June, Pioneer 9592 v D
South. Soy. Conf. 2:109-114. Mid-July Pioneer 9641 Vi D

Reeves, D.W., and D.D. Tyler. 1996. Soybean production in tpg _
reduced tillage system: Soil compaction overview. Proc. South.
Soy. Conf. 4:202.

Unger, P.W., and D.K. Cassel. 1991. Tillage implement disturbance

indeterminate; D = determinate.

effects on soil properties related to soil and water conservation: Table 4. Influence of planting date and cultivar
Aliterature review. Soil and Till. Res. 19:363-382. on average soybean yield.
Webber, C.L., H.D. Keffand M.R. Gebhardt. 1987. Interrelations of Planting date

tillage and weed control for soybe&@lycine maxproduction. Cultivar April May June July

Weed Sci. 35:830-836. kg/ha
Williams 82 3516 — —
Manokin 3289
RA 452 3245 3301 2425 1193
Pioneer 9592 — 3559 2624 1565
Pioneer 9641 — 3173 2386 1753

LSD, ,; for comparing among planting dates = 161
LSD, ,; for comparing among cultivars = 134
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Table 5. Influence of planting date and tillage system on average variable and total economic costs at Keiser (1995 and 1996).

Tillage Variable costs Total costs
system April May June July April May June July
($/ha)
No-till 260.98 294.40 343.70 326.93 316.14 354.03 409.25 393.20
Fallow 216.67 225.19 245.05 204.22 257.67 272.86 299.54 260.81
Conv. 204.07 224.62 224.62 177.96 250.61 255.25 276.91 228.08
LSD, ,, for comparing variable cost means among planting dates = 2.47
LSD, ,, for comparing variable cost means among tillage systems = 2.47
LSD, ,, for comparing total cost means among planting dates = 2.47
LSD, ,, for comparing total cost means among tillage systems = 2.47
Table 6. Influence of planting date and tillage system on
average net returns.
Tillage Planting date
system April May June July
$/ha
No-ill 412.27 358.67 164.55 -25.34
Fallow 464.28 490.91 218.37 56.71
Conv. 453.93 449.52 240.31 13.81
LSD, ,, for comparing among planting dates 11.65
LSD, ,, for comparing among tillage systems 12.71
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Fig 1. Influence of planting date and rainfall on soil water storage to a depth of 60 cm
at Keiser in 1996. LSD (a) for comparing between planting dates. LSD (b) for
comparing between sample dates.

37



TWO METHODS OF COMPOSTING GIN TRASH
E.C. Gordon, T.C. Keisling, L.R. Oliver and Carl Hartis

INTRODUCTION quires the compost to stay in place. The compost pile is

necessary situation that occurs in the cotton giff'med in a circular pattern by rotating back and forth
A ning process is the accumulation of about 200 ﬂ;ound a pivot point (Fig 1. top view). The rotation motion

of waste per ginned bale. This waste, called gifi &t @ constant speed so the thickness of gin trash depos-
trash, has to be disposed of at some point in time. Myl On top of the compost pile is a function of 1) amount
of the gin trash was incinerated for many years, but c&f- rash in un-ginned cotton, 2) rate of ginning and 3)

tain regulations, such as the Clean Air Act of 1970, hagdrent depth of compost pile (as the sides are slanted as
removed burning as an option. Using gin trash as a Iiv@10Wn in Fig. 1 side view). Uniform wetting throughout

stock feed is done to an extent, but there is some condbie, pile is facilitated by wetting the gin trash as it is deliv-

regarding chemical residues. ered to the top of the compost pile. The resulting com-
Another option in the disposal of gin trash is to spre&’@St pilg has layers of various thicknesse; tha}t are applied

it directly on the fields. Returning the organic materi@t Varying rates. Thus, the zone of aeration is controlled

and nutrients can be beneficial, but certain problems miﬁré\ethe depth from an outside surface and the duration of

occur when spreading raw gin trash onto fields. Wed3 compost at this depth. ,
seed and disease, particularly Verticillium wilt, may be EXPeriments were conducted to evaluate certain aspects

introduced to or increased in fields when spreading r&QfWindrow-composting-systems and the Ligseystem.

gin trash. The removal of these two potential problems MATERIAL AND METHODS
makes the spreading of gin trash much more attractive. .

An effective method of handling gin trash and reducirfg<Periment 1
the problems associated with weed seed and disease ot March 1977 gin trash from Mann’s Gin in Lee
ganisms is to compost the material. With adequate mdigounty, Arkansas, was placed in windrows for composting.
ture, approximately 70%, the heat generated in tAetypical windrow is approximately 40 ft long, 4.5 ft at
composting process can be sufficient to kill weed seltp base, 2 ft across the top and 1.33 ft tall. The experi-
(140 F for 10 days) and disease organisms (145 F for tiéntal design was a randomized complete block with five
days) (Alberson and Hurst, 1964; Griffis and Mote, 1978Fplications. The treatment design was a split-split plot.
Parnell et al., 1980). Commercial contained-compostinghe main plots were timing of turning of the windrow with
systems have demonstrated this. However, the high ca@$pot rake. Main plot treatments included 1) turned weekly
of commercial contained-composting-systems tends to ®e2) turned when the temperature 6 in. below the surface
prohibitive, so alternative composting methods have be@ached 80 F. Main plots were split with half receiving
investigated. 4.2 Ib of nitrogen (N) per plot as a commercial fertilizer

Windrow-composting-systems can generate the nec@8d the other receiving no N. The N-treated plots were
sary heat if there is adequate volume, moisture and adhgn split and one-half of each plot inoculated with
tion. The aeration is usually provided by turning thRoebic" aerobic inoculum. Temperatures at 6 in. from
composting material with some type of implement. In tH&e windrow top surface were taken daily until mid-April
humid Southern region, rainfall could conceivably suppéyhen composting was complete and were used to evaluate
sufficient water for initial wetting of the gin trash as welihe benefit of additives in the composting process. Rain-
as keeping it moist for the duration of the compostirfg!l was the only water received by the compost piles.
process. This would eliminate a wetting step and make theComposite samples were collected before and after
overall process cheaper. composting and analyzed for nutrients and selected chemi-

Recently, new gin trash handling methods have be@dls.
developed. The Lipséygin-trash-composting-system rexperiment 2

Composting plots were established in Lee County, Ar-
kansas, during November 1978 to evaluate aeration meth-
'Research Associate, NEREC, Keiser, AR; Professor , NEREC, Keiser, /QQS- Two implements were compared for effectiveness of

University Professor, Dept. Of Agron, Univ. Of Ark., Fayetteville, AR; andurning a windrow—a root rake and a modified combine
County Ext. Agt. Deceased.
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(Lalor et al., 1978). The experimental design was a rameed seeds. Weeds observed growing on top of the wind-
domized complete block with four replications. Treatrows after composting was complete were annual blue-
ments consisted of turning the compost weekly and evegryass Poa annud, large crabgrass Digitaria
two weeks by each machine. Moisture was monitoregshnguinali$, purple nutsedgeCyperus rotundgs yel-
Those plots turned with the combine had water addedldéw nutsedge Qyperus esculentlispigweed Amaranthus
the compost pile to adjust moisture to circa 70%. Thp.), morningglorylpomoeaspp.), horsenettleSplanum
plots turned with the root rake received only rainfall fazarolinensg and prickly sida $ida spinosp Reproduc-
wetting the compost pile. Effectiveness was determinéde characteristics of certain weeds listed above make it
by measuring internal temperatures as in Experiment 1.obvious that the seed were mixed with the compost during

Experiment 3 the turning process rather than being delivered in the gin
tr%\sh.

In February 1995 three gin trash compost piles tha The nutrient analysis of gin trash samples is shown in
were formed during the fall of 1994, using the Li;%ey_l_a Y 9 P

. . Table 1 as total analysis and soil test analysis. The pH
gin trash composting system, were selected for sampl ng . ST ) .
\gsels remained below 7, indicating aerobic composting

and evaluating weed seed germination. Two compost PlShditions. Higher pH levels would indicate anaerobic

were located in Philips County, Arkansas, and one {dmposting that favors the conversion of N to ammonia
Crittenden County, Arkansas. In Phillips County sampl b 9 '

were taken from both piles to a depth of 30 in. in 6- igh temperatures enhance the volatility of ammonia

. . . olueke, 1972).
increments from the surface using a bucket. Approximately : . .
We observed that using natural rainfall for wetting re-

2.5 gallons of compost was removed from each depth : : .
: . ! . sulted in channeling of water through selective pathways
increment in each pile for subsequent analysis for chemi- . .

. In the compost pile. As a result, some of the material was
cals and organisms.

Very slow in wetting and did not necessarily go through a

The compost pile in Crittenden County was sampl ; .
using a front-end bucket loader to cut into the pile 10?1§at. These pockets of dry material were mechanically

15 ft. Again, approximately 2.5 gallons of compost Wa{gcorporated with wetter compost during the turning pro-
T ess.
collected at 5-in. increments from the compost surface 16
a depth of 48 in. for subsequent analysis by grabbing nfperiment 2
terial from an 8-ft-long vertical face. Due to the non-uniform wetting, a modified combine
All samples from each location were stored in plast{talor et al., 1978) that would mix and wet a windrow
bags and kept at room temperature until they were takamformly was built. The modified combine accelerated
to the University of Arkansas at Fayetteville within one tihe composting process, as evidenced by increased early
two weeks after collection. The samples were divided int@mposting temperatures (Fig. 5). The temperatures were
two sub-samples of approximately 1 gallon each. The sl not high enough or long enough to kill weed seeds
samples were placed in containers measuring 16 in. langd wilt organisms 6 in. below the compost pile surface.
by 12 in. wide by 2 in. tall. The containers were placed in Weekly mixing moves materials from the outside of
a greenhouse for 10 weeks. The compost in each ctre compost pile to the inside where heat can be accumu-
tainer was kept moist and stirred every two weeks. Obskated. This should result in temperatures high enough and
vations were made two to three times weekly on the nutong enough in duration (140 F for 48 hr) to kill Verticil-
ber and weed species that germinated. Chemical compéaim wilt organisms and weed seeds between weekly turn-
tion was determined for N, C, P, K, Ca and Mg. The pidgs. Assuming that 50% of the pile is wet enough to
was also measured. generate sufficient heat, complete weekly mixing provides
RESULTS AND DISCUSSION sufficignt aeration _and carbon supply for the comp_ostii_wg
organisms to function. After each mixing, the reduction in
Experiment 1 the compost volume containing viable diseases and weed
Neither use of a starter aerobic inoculum (Fig. 2) neeeds should be halved. Therefore, 15 mixes or weeks
addition of N (Fig. 3) was needed to initiate the compostimgould be required to produce a 99.99% compost with
process. Regardless of treatment, temperatures were sgssentially no weeds or diseases, which is about twice as
lar over the composting period. This indicated that no ddng as it took our composting operation to be completed.
dition of inoculum or N was needed for proper compostirtdence, a different method other than windrow-composting
to occur. These findings agree with those of Griffis angith mechanical mixing will be necessary.
Mote (1978a). Heating criteria for turning the pile 9aVeyperiment 3

sllghtly hlghe_r internal temperature thlan just turning Wee!dy No viable weed seeds were detected from the compost
(Fig. 4). Neither method resulted in temperatures h|%h

enough or long enough to Kkill Verticillium wilt fungi or amples obtained from the compost piles made by the
9 9 9 9 Lipsey® composting system. Two months after the gin-
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ning season, temperature within the pile was too hot faroduct. The Lips€ycomposting system produced a com-
more than 10 to 15 seconds contact with the bare hamusst pile whose outer layer had problems with weed seed
Since no weed seeds germinated in our greenhouse testndt Verticillium wilt survival. These problems could be
appears that the weed seed viability was destroyed freasily eliminated by using a solar sterilization process
the heat of composting. The outside of the pile, which hadnsisting of covering the pile with a continuous sheet of
not gone through a heating process, had several wepldstic. Otherwise, the composting process turns anaero-
growing on it. This might be easily sterilized using a solaic within a couple of feet of the surface, resulting in
technique, such as covering the entire pile with a sheetirafomplete composting and in offensive odors.
black plastic for a few days.

The carbon/nitrogen ratio (C/N) tends to increase at LITERATURE CITED
the deeper sampling depths, indicating an anaeromgerson,D.M.,andW._M.I_—|urst. 1964. Composting cotton gin waste.
composting process with a possible loss of N as ammonija YSPA-ARS, Publication ARS 42-102.

(Table 2). The pH levels being greater than 7 at depﬁ%glueke, C.G. 1972. Composting: A study of the process and its

. . . . principles. Rodale Press, Inc.
greater than 6 in. confirm anaerobic conditions. Tl}?riffis, C.L., and C.R. Mote. 1978a. Cotton gin trash composting

anaerobic composting process appears to generate suffi- 5 gies. Arkansas Farm Research 27(4):3.

cient heat for sterilization but will result in a compost agriffis, C.L., and C.R. Mote. 1978b. Weed seed viability as affected
a fibrous consistency with a bad odor. by the composting of cotton gin trash. Arkansas Farm Research

27(5):8.
CONCLUSIONS Lalor, W.F., D. Berry, C. Harris and J.K. Jones. 1978. Compost-

The results presented here indicate that the windrow making equipment for cotton gins. ASAE paper no. 78-3545.
composting system does not solve the two problems Rﬁrnell,E.E.,E.R.Em_lpoand E.I_(.Grubaugh_. 198Q. Cotton gintrash:
Verticillium wilt or weeds associated with gin trash. Oth- ~ can it be safely utilized? Agricultural Engineering 61:21-22.
erwise, the compost obtained is quite satisfactory as a

Table 1. Analysis of gin trash used in 1977 experiments.

Total Analysis N P K Ca Mg Na Zn Fe Mn As pH
% ppm:
Before Composting 1.66 0.29 0.78 1.90 0.34 0.05 41.0 2218 343 2.0 6.9
After Composting 1.04 0.14 0.52 0.51 0.21 0.02 - 1280 313 - 6.2
Soil Test Analysis Nitrate-N P K Ca Mg Na EC pH
Ib/acre pmhosx10®
1620 160+ 2740 1699 710 193 14 6.2

Table 2. Chemical analysis of compost from a Lipsey ~ ®system for handling gin trash
in Phillips County (PC) and Crittenden County (CC), Arkansas.

Depth from N C CIN P K Ca Mg pH
compost surface  PC CcC PC CcC PC CcC PC CcC PC CcC PC CcC PC CcC PC CC
in. %
0-6 40 40 26.70 302 6.8 75 06 04 0.6 0.5 2.6 2.2 0.6 0.4 6.2 56
6-12 45 40 2920 137 6.4 6.2 0.7 06 21 24 25 2.2 0.8 0.6 70 78
12-18 39 39 2970 311 77 8.0 08 06 1.6 1.9 2.8 2.2 0.7 0.6 74 75
18-24 40 39 3240 271 80 6.9 06 06 1.6 2.3 29 2.3 0.6 0.6 8.0 7.7
24-30 40 41 3150 29.7 80 7.2 06 05 2.3 1.7 2.7 1.7 0.7 0.5 73 6.9
30-36 39 35 3650 287 94 8.3 06 06 2.8 1.9 25 2.9 0.7 0.6 70 7.7
36-42 - 3.3 - 34.1 - 105 - 0.6 - 1.8 - 29 - 0.6 - 73
42-48 - 2.7 - 36.1 - 131 - 0.5 - 1.9 - 2.7 - 0.5 - 76
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COMPARISON OF TILLAGE PRACTICES FOR COTTON PRODUCTION
ON ALLUVIAL SOILS IN NORTHEASTERN LOUISIANA

E.M. Holman, A.B. Coco and R.L. Hutchinson

INTRODUCTION on the interaction between deep tillage in the fall and

E dvances in equipment and herbicide technolog{1ous conservation tillage practices on clay soils in Loui-

have contributed greatly to the increase in pr&!@na _ , o
ducer acceptance of reduced tillage practices in On the medium- and coarse-textured alluvial soils in

northeastern Louisiana. Reduced soil erosion (Hutchingdfftheastern Louisiana, compaction is a yield-limiting fac-
et al., 1991), increased soil organic matter (Boquet alfd unless some form of deep tillage is performed
Coco, 1993) and reduced soil moisture evaporatiéfrawford, 1979; Saveson et al., 1958). In northeastern
(Wilhelm et al., 1986) are just some of the documentkgUisiana, these soils have typically been under a mono-
benefits from no-tillage. Reduced tillage, in many instanc&SOP Production system that utilizes extensive surface fill-
has also led to lower equipment and fuel costs and savifig§ @ control weeds, prepare seedbeds and incorporate
in time and labor (Laws, 1993). In addition, cover Cro&erblqde_s. Although th_ese §0|Is are highly productive, the
have been found to be an important component of congMbination of extensive tillage and mono-crop culture
vation tillage systems (Hutchinson et al., 1991; Ebelhar/Ve contributed to low organic matter levels (< 1.0%) in
al., 1984). many fields. As the use of conservation tillage practices

Although erosion is not a serious problem on many 8fd winter cover crops has been shown to result in in-
the clay soils in the Mississippi River Delta, cottofT€@Ses in soil organic matter levels (Hutchinson et al.,

(Gossypium hirsutunt..) production has still benefitted 1991; Millhollon and Melville, 1991), some combination

from reduced tillage practices primarily by allowing proc_)f these practices might lead to improved growth and yield

ducers to plant in a more timely fashion (Boquet and Co&;, cotton on these soil types. Therefore, the objectives of
:?;ns study were to: 1) determine the optimum combina-

1993). Spring tillage on clay soils often results in a clod X =

dry seedbed in which it is difficult to obtain a unifornfi©n Of cover crop and tillage necessary to maximize cot-

plant stand. ton production while maintaining or increasing soil pro-
guctivity and 2) examine the effect of deep tillage in con-

On clay soils, deep tillage to relieve compaction h ) : : :
traditionally been considered unnecessary due to the ndgfiction with cover crops and reduced tillage practices on

ral shrinking and swelling that these soils undergo as fton production.

moisture content cycles from wet to dry. It has been specu- METHODS

lated (Smith and_Wh|tten, 19.92) tha’g while clays do mt A field study was initiated in the fall of 1996 on a

develop compaction pans typical of lighter-textured soils, . . ; . . .
. ommerce silt loam (fine-silty, mixed, nonacid, thermic

they may develop compacted blocks of soil beneath t

e .
plow layer. The effect of this soil condition is to confine ?)rrli(l:lcl):r!lijt}/fq:s:;{:sjndtr?enrrii?hsrek:i)é ?_I:;y Ig/elz}é-fltr;?’aT?r?g
plant roots to the soil volume near the block surfaces. 'Iﬁe . ' ’ plaguep

density of the blocks prevents or severely restricts r Ofrtheast Research Station near St. Joseph, Louisiana. A
y P y 0to al of 16 treatments were established with combinations

growth into the clay block, and roots that do grow from, . L ) :
one block surface to another are often broken when tfet|llage systems {no-till (NT), conventional tll (CT),

blocks dry and shrink. Results from previous tillage stu{je-duced'“" (RT)), winter cover crops [winter wheatig-

: . . cum aestivuni.), hairy vetch Yicia villosaL.), and na-
les failed to demonsrate crop response to deep “”agetf\)/g vegetation], in-season cultivation, and fall sub-soil-
clay soil (Raney et al., 1954; Saveson et al., 1958; Tupper 9 ' '

1978; Heatherly, 1981). However in these studies, tht } summarized in Tab!e L. Treat_ments were only slightly
. : . . [fferent on the two soil types with CT on the silt loam
tillage operations were performed in the spring when the = C . .

. : : . Including disking in the fall and spring prior to seedbed
subsoil was most likely wet from winter rainfall. Recently

Smith (1995) indicated that deep tillage in the fall, wheirepara“on' while on the clay CT involved only hipping in
t

: ; - e fall and spring. The RT treatments on the silt loam
the soil profile was dry, was beneficial for cotton grow N ere hioped in the fall and sprina. while on the clav the
and yield on a Tunica clay. There is a lack of informati bp pring, y

BT treatment involved hipping and rolling in the fall and
no additional tillage in the spring. Experiment design for

Assistant Prof., Louisiana State University Agricultural Center, Northeagjoth tests was a randomized complete block with four
Research Station, St. Joseph, LA.
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replications. Plot size was four rows (40-in. row spacingame date there were no differences in NAWF between
by 65 ft. no-till plots with respect to cultivation (5.2 vs 5.2). Within
Deep tillage operations on the appropriate plots wettee no-till plots at this date, cotton in vetch treatments
conducted with a Paratill following cover crop planting ias later maturing than cotton in the plots with a wheat
October 1996. Cotton cultivar ‘Suregrow 501’ was plantaabver crop or native cover (5.4 vs 5.1 or 5.1). This could
5 May 1997 using ripple coulters mounted on the plantée partially explained by the lower early soil tempera-
Management of the cover crops prior to planting (4 weekges, which could have reduced early plant vigor. There
before planting) in the no-till plots consisted of 1) awas also a difference in NAWF at this date between the
application of glyphosate (1.0 Ib ai/acre) followed bplots that were sub-soiled and the plots that were not (5.2
paraquat (0.75 Ib ai/acre) on the wheat plots; 2) an appk-4.9).
cation of paraquat (1.0 lb ai/acre) and cyanazine (0.75 IbCotton yield was also affected by some treatment fac-
ai/acre) followed by paraquat (0.75 Ib ai/acre) on the vetgrs; contrast statements were again used in order to ex-
plots; 3) an application of paraquat (0.75 Ib ai/acre) aadhine the influence of individual treatment variables. There
cyanazine (0.75 Ib ai/acre) on the native plots. Preemesas no difference in yield between the no-till treatments
gence weed control in all plots consisted of a broadcasid the conventional or the reduced till treatments. There
application of pendimethalin (1.0 Ib ai/acre) pluwas also no difference in yield between the no-till plots
fluometuron (1.2 Ib ai/acre). All appropriate NT, CT anthat were cultivated and those that were not. With respect
RT treatments were cultivated twice. Additional herbicid® the cover crops, there was no difference between the
applications included broadcast application of pyrithiobaeheat and the native treatments. However, both the wheat
(0.079 Ib ai/acre), post-directed application (banded) amd the native were higher than the vetch treatments (2641
prometryn plus MSMA (0.31 and 1.0 |b ai/acre) and and 2651 vs 2470 Ib seedcotton/acre). This could be re-
layby application (broadcast) of cyanazine and MSMA (1lated to the soil temperature differences seen following
and 1.65 Ib ai/acre). planting, which might result in poor early-season plant
Based on past work with these cover crops, nitrogeigor in the vetch plots. Within the conventional and the
fertilization of the cotton was adjusted to 60 Ib N/acmeduced till plots, there was no vyield difference between
following vetch, 120 Ib N/acre following wheat with thethe plots that were sub-soiled and those that were not.
other plots receiving 90 Ib N/acre. The middle two rowshis is in contrast to the data from 1996, where sub-
were harvested from each plot 17 October with a spindieiled plots yielded more than non sub-soiled plots. This
picker. On 22 October 1997, following cotton stalk demay indicate that sub-soiling is not necessary every year
struction, the wheat and vetch cover crops were plantecbim this soil type. Within the no-till treatments, sub-soil-
the respective plots. The next day, treatments were spig actually resulted in a significant decrease in seedcotton
for deep tillage using a Paratill, and the appropriate tregield of 192 Ib/acre. As the mechanical action of the sub-
ments were disked or hipped. soiling results in a reduced and uneven planting bed, some
All data were analyzed using the ANOVA or GLM proof the decrease in yield may be due to stand establish-
cedures of SAS (SAS Institute, 1989). In order to assassnt. Although there were no statistical differences in
individual treatment factor effects, contrast statemergtand density, the decrease in yield could be related to
were used following the GLM procedure. stand uniformity, which was much more variable in the
RESULTS no-till plots than were sgb—soiled. OveraI_I, the no-till treat-
ment that was not cultivated or sub-soiled and had only
Two days after planting, soil temperature was lower ghtive winter cover was numerically the highest yielding
to 5 F) in the furrow (2-in. depth) in the vetch plots comreatment in the test at 2880 Ib seedcotton/acre (Table 1).
pared to the conventional or reduced tillage treatments Harkey Clay
both soil types (data not shown). Although the wheat plots , . .
There were no treatment differences in NAWF on this

were numerically lower than the conventional plots, the A ) ) )
differences were not significant. The differences in soiPll tYPe. The lack of a difference in NAWF is most likely

temperature could help to explain some of the obsen/&lted to the lack of plant available water in late July and
differences in early growth. August (circa 1 in. rainfall). With respect to seedcotton

) yield, the conventional and the reduced-till treatments re-
Commerce Silt Loam sulted in higher yields than the no-till treatments (1935

Nodes above white flower (NAWF) was affected byp/acre vs 1703 Ib/acre). The reduced till plots also re-
some of the treatment factors. With regard to NAWF valylted in more seedcotton than in the conventional till by
ues recorded on 30 July, the no-till plots had a highgg7 Ib/acre (Table 2). This confirms previous research
value than conventional or reduced tillage treatments (2#d is very similar to what many farmers are already doing
vs 4.6 or 4.7), indicating a slight delay in maturity. On thgn this soil type (stale-seedbed).
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Table 1. Treatments used to investigate the effect of conservation tillage practices and winter cover crops on cotton growth an d
yield on Sharkey clay and Commerce silt loam at the Northeast Research Station near St. Joseph, Louisiana.
Seedbed Preparation Cultivation Sub-soiled Winter Cover Crop
Fall Spring Hairy Native
Treatment # no-Till Bedded Bedded Yes No Yes No Wheat Vetch Species
1 X X X X
2 X X X X
3 X X X X
4 X X X X
5 X X X X
6 X X X X
7 X X X X
8 X X X X
9 X X X X
10 X X X X
11 X X X X
12 X X X X
13 X X X
14 X X X
15 X X X
16 X X X
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Table 2. Yield of cotton plants grown in various cover crop and tillage systems on a Commerce silt loam at the Northeast
Research Station near St. Joseph, Louisiana, 1997.

Tillage Cover Crop Cultivation Sub-Soil Seedcotton
Ib/acre
Conventional None Yes Yes 2727
Fall bedded None Yes Yes 2636
No-Till None Yes Yes 2570
No-Till None No Yes 2575
No-Till Wheat No Yes 2560
No-Till Wheat Yes Yes 2520
No-Till Vetch No Yes 2381
No-Till Vetch Yes Yes 2354
Conventional None Yes No 2674
Fall bedded None Yes No 2623
No-Till None Yes No 2580
No-Till None No No 2880
No-Till Wheat No No 2850
No-Till Wheat Yes No 2638
No-Till Vetch No No 2482
No-Till Vetch Yes No 2673
LSD (0.05) 362
Table 3. Yield of cotton plants grown in various conservation tillage systems on a Sharkey clay
at the Northeast Research Station near St. Joseph, Louisiana, 1997.
Tillage Cover Crop Cultivation Sub-Soiled Seedcotton
Ib/acre
Fall bedded None Yes Yes 2097
No-Till None No Yes 1759
No-Till None Yes Yes 1796
Conventional None Yes Yes 1882
No-Till Vetch No Yes 1826
No-Till Wheat Yes Yes 1680
No-Till Vetch Yes Yes 1804
No-Till Wheat No Yes 1698
Fall bedded None Yes No 2053
No-Till None No No 1413
No-Till None Yes No 1615
Conventional None Yes No 1695
No-Till Vetch No No 1836
No-Till Wheat Yes No 1539
No-Till Vetch Yes No 1751
No-Till Wheat No No 1703
LSD (0.05) 413
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ASSESSING NUTRIENT STRATIFICATION WITHIN A LONG-TERM
NO-TILLAGE CORN SOIL

D.D. Howard, M.D. Mullen and M.E. Essington

INTRODUCTION planted early to mid April each year in 30-in. rows. Indi-

il testing is a tool to evaluate the fertility status ofidua!l plots were four rows wide and 30 ft long.
soil. The soil samples collected for this evaluation 1he experimental design was a randomized complete

ust represent the field. In most instances, reprl%'-OCk \{vith a spIit—pI.ot arrangement of treatments repli-
sentative soil sample within a production field can be cdiated five times. Main plot treatments were surface broad-

lected based on slope and soil type. However, producESt P and K rates with N®-K,O fertilizer starter com-
often utilize production practices that create a challengiiations as the sub-plots. Main plot P and K rates were:
for obtaining a representative soil sample. Production prigfertilized check, 50-25, 100-50 and 150-75 U©OP
tices that promote nutrient stratification within a field inK.O/acre. The two starter treatments selected for sam-
crease the difficulty of collecting a representative sampRling were an in-furrow application of 15-30-0 Ib Ne-
Banding fertilizers stratifies nutrients in a systematfs-O/acre and an unfertilized check. Application of the
pattern across the field. Collecting a sample that adequai@fjfter treatments was terminated in 1989. Plots were
accounts for banded nutrients without either over- or upmpled following the 1989 growing season. Main-plot
der-estimating nutrient status presents a challenge. Tyf&2tments were terminated following production in 1996,
and Howard (1991) reported random sampling should Bed the same plots were sampled in 1997. Treatment ef-
utilized on soils having banded fertilizers. Nutrient stra€CtS On the yield of no-tillage com from these plots have
fication is also promoted in conservation tillage systerh€€n reported by Howard and Mullen (1991) and Howard
from surface applications of non-mobile nutrients (Howa@'d Tyler (1987). .
and Tyler, 1987: Tyler and Howard, 1991; Mullen and Nitrogen, applied as UAN (32% N), was injected ap-
Howard, 1992). Conservation tillage promotes nutrieRf0Ximately 2 to 3in. deep and 4 to 6 in. to the side of the
stratification when rows are oriented close to the preyRW immediately after planting. The total N rate (UAN +
ous years' rows, allowing nutrient recycling from decay'@'ter) applied per plot was 150 Ib/acre. Broadcast P+K
ing root biomass (Tyler and Howard, 1991: Mullen antjeatments were applied mid to Iatg March using concen-
Howard, 1992). After seven years, in-row (IR) nutrierffa€d super-phosphate and potassium chloride.
stratification as well as nutrient stratification with depth 1he Seil sampling protocol consisted of collecting and
was evident in a no-till corn soil (Mullen and Howardcombining seven sub-samples from within the row (IR)
1992). Howard et al. (1997) reported higher extractafi@d Petween the row (BR) positions in the center of each
K levels for the IR sample position than the BR positioflot: The IR sample was collected by sampling directly in
on three long-term no-till cotton soils. The objectives &XiSting stubble while the BR sample was collected ap-
this study were to evaluate the differences in nutrient strdifoximately 15 in. from the row. Samples were collected
fication over time in a long-term no-till corn soil fertil-t© & 12-in. depth and divided into 0 to 3-, 3 to 6- and 6 to
ized with several surface broadcast P and K rates. An adg-"- depth increments. Mehlich-I-extractable P and K
tional objective was to evaluate residual effects of seve¥ehlich, 1953) were evaluated on the 0 to 3- and 3 to 6-

years of in-furrow banding P. in. depth and averaged for statistical evaluations. Statisti-
cal analysis was performed to evaluate the effect of year
MATERIALS AND METHODS on extractable P and K by sample position (IR vs BR)

A field experiment was established at the Milan EXrom the two original starter treatments (15-30-0 and
periment Station, Milan, Tennessee, in 1983 and contfleck) within each main plot. These analyses were con-
ued through 1996 on a Loring silt loam soil (fine-siltyducted utilizing Proc Mixed procedures of the Statistical
mixed, thermic, Typic Fragiudalf). A wheafrfticum Analysis System (SAS, 1997). Mean separation was evalu-
aestivumL.) cover crop was established in October afted through a series of pairwise contrasts among all treat-

each year except in 1988 for the 1989 crop. Corn w@¢nts. Probability levels greater than 0.05 were catego-
rized as non-significant.

12 Prof. and Associate Profs., Plant and Soil Sci. Dept., Univ. of Tenn.
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RESULTS plot. Broadcasting 100 Ib,®, /acre for 14 years increased
Mehlich-1-P levels well into the H soil test rating.
Extractable Phosphorus Broadcasting 150 Ib B /acre over the 14 years once

The level of Mehlich-I-P varied with year of samplingagain changed the pattern of extractable P in this soil when
sampling position (IR vs BR) and starter treatment (Tald®@mpared with the other main plot fertilization rates (Table
1). Extractable P within the 0,8, main plot was over 3). The 1989 IR starter position was higher in extractable
twice as high in 1989 as in 1996 (Table 2). Mehlich-I-B than the BR position but the reverse was observed in the
was also higher in 1989 than in 1996 for samples c@heck sample. By 1996, extractable P was unaffected by
lected from the 50-Ib ®, main plot. However, Mehlich- sampling position of the starter. As was observed in 1989,
I-P differences between years were not significant for te&tractable P from the 1996 BR position in the check was
two higher RO, fertilizer treatments. In-furrow applica-higher than the IR position. Differences in extractable P
tion of 30 Ib PO /acre to the starter plot resulted in higheetween the 1989 and 1996 samples due to sample posi-
Mehlich-I-P from the 0-, 50- and 100-Ib,® main plots tions (IR vs BR) were similar, 29 and 31 Ib P/acre, re-
compared with Mehlich-I-P from the check plot. Broadspectively.
casting 150 f© /acre eliminated Mehlich-I-P differences These data indicate that Mehlich-I-P was vertically
due to starter applications. Extractable P was higher in tfatified within a long-term no-tillage corn soil. Stratifi-

IR position relative to the BR position in the 0- and 50-lgation was dependent on fertilization applied either as sur-
P,O/acre main plots, but the reverse occurred in the 1G8ce broadcast rates or in-furrow starter treatments. Nu-
and 150-Ib FO; main plots. The year-by-starter-by-positrient stratification would affect fertilizer recommenda-

tion interaction affected extractable P within eac®.P tions on those soils having low fertilizer applications for
main plot (Table 1). Mehlich-l-extractable P within the or L Mehlich-I-P soil test levels.

unfertilized main plot (0-lb J®, rate) was greater in the .

1989 IR position of the starter plot compared with th%xtractz.ible Potassium o
other treatments (Table 3). In-furrow applications of 30 Ib Mehlich-l-extractable K was affected by sampling time,

P,0 /acre clearly impacted extractable P. In 1996, diffeposition (IR vs BR) and starters within the 0 and 50 Ib
ences in Mehlich-I-P due to sampling position were npO/A main plots (Table 1). Extractable K within the 0
detected. Seven years after terminating the in-furrow sta@@d 25 1b KO fertilized main plots was lower in 1996,

applications, extractable P in the IR position had decread@icating depletion by crop removal (Table 2). The check
from 30 to 7 Ib/acre, a change from a high (H) to a lojot had higher extractable K than the starter within the 0-
(L) soil test level. There is a possibility that the in-furl® K,O main plot, but the reverse was observed for the 50-

row-applied BO, was not intersected in 1996 samplind,b K,Olacre m_ain plot. This is inter_gsting since.K was not
but planting within the same 10-ft plot should have ain-furrow applied as a starter fertilizer. Sampling the IR
lowed sampling of one of the seven in-furroyDPappli- position resulted in higher extractable K relative to BR

cations. This observation suggests that the soil has higha81Pling of main plots. o
buffering capacity. Mehlich-l-extractable K within the 50- and 75-Ib&

As expected, broadcasting 50 IpOHacre resulted in Main plots was affected by a year-by-starter-by-sample
greater Mehlich-I-P relative to the unfertilized main pldRosition interaction (Table 1). Extractable K of the 1989
(Table 2). Application of the 50 Ib,@, rate to a main plot Starter plot within the 50-Ib JO main plot was unaffected
changed the pattern of Mehlich-1-P based on sampling p_FB’- sample position (Ta}ble 3). But extra_ctable K was greater
tocol (Table 3). As was observed for the O-foPmain 1 the check IR position compared with the BR sample.
plot, extractable P from the 1989 IR starter sample whg€ 1evel of extractable K in the 1989 IR or BR positions
greater than that extracted from the other treatments. ¥gS the same for both starter plots. The levels were the
1996, Mehlich-I-P in the BR starter position was great8fMe for the BR position within the starter and check
than that of either sampling positions within the checR!0tS- BY 1996, IR-extractable K was greater in both starter

Extractable P within this main plot ranged from a high ¢featments compared with the BR position sample, but
68 Ib/acre to a low of 15 Ib/acre. 1996 extractable K in the starter IR position was higher

Once again, the extractable P pattern changed when sHin the check IR position. In 1996, extractable K from
pling a higher EO, rate (100 Ib). The in-furrow applica-the I.R start_er position (197 !b K/acre) would b.e classified
tion of 30 Ib PO, was detected in the 1989 IR startefS high while the BR sampling would be medium (113 Ib
sample (Table 3). The extractable P in the IR position h{fcre)- Soil samples collected from either IR or BR po-
not changed by 1996 (74 and 63 Ib). However, extractaS{ons would be assigned a soil test rating of M. How-
P in the BR position had increased by 1996. Extractabl&¥er, Stratification within the starter plot had reduced ex-
from the starter BR position was higher in 1996 than tif@ctable K in the BR position from 142 to 107 Ib/acre,
extractable P from either sample position within the che®#ch is approaching a L soil test rating.
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Broadcasting 75 Ib }O resulted in significant differ- LITERATURE CITED

ences in extractable K with sampling position, but diffef3\ard, D.D., M.E. Essington and D.D. Tyler. 1997. Assessing the
ences between starter plots and years were not detectedrertility status of long-term no-tillage cotton soils: In-row verses
(Table 2). Extractable K from the IR sampled position was between-row sampling. p. 295. Agron. Abs.

greater than the extractable K from the BR positions (Taltleward, D.D., and M.D. Mullen. 1991. Evaluation of in-furrow and
3). Vertical stratification of K was occurring in the long-  banded starter N-P-K nutrient combinations for no-tillage corn
term no_t”lage corn SO|| Stra“flcatlon was greater as the prOdUCtiOn on soil fertilized with four rates of phosphate and
rate surface-applied fertilizer increased. The soil K test Potash.J. Fert Issues 8:34-39. _ _
level from the IR position would be classified as H or I\I/|-|oward,D.D.,and D.D. Tyler. 1987. Comparison of surface applied

for the BR it Soil test fertili dati rates of phosphorus and potassium and in-furrow fertilizer
or the position. oIt test Tertilizer recommendations . ion combinations for no-till corn production. J. of Fert. Issues

would vary depending on the position sampled. 4:48.52.

CONCLUSIONS Mehlich, A. 1953. Determination of P, Ca, Mg, K, Na and NNrth
Carolina Soil Testing Div. Mimeo, Raleigh.

Vertical stratification of Mehlich-I-extractable P anduullen, M.B., and D.D. Howard. 1992. Vertical and horizontal
K has occurred in a long-term no-tillage corn soil. The distribution of soil C, N, P, K, and pH in continuous no-tillage corn
amount of stratification was dependent on the broadcast productionin: M.D. Mullen and B.N. Duck (eds.). Proceedings
rates of ;K)S and }go as well as previous starter applica- Of'[h? 19.92 Southern Conservation Tillage Conference, Special
tions. The effect of P starters was not detected in samples Publication 92-01. p. 6-10. _
collected seven years after starter termination. Extragf>> INstitute, Inc. 1997. SAS/STAT Software; Changes in
able P tended to be higher in the BR sample positi?n enhancements through release 6.12._Cary, N_orth Carolina.

. .. . ler, D.D., and D.D. Howard. 1991. Soil sampling patterns for
relative to the IR sample pOSItIQn while the reverse wa assessing no-tillage fertilizationtechniques. J. Fert. Issues 8:52-
true for extractable K. A sampling protocol other than a gg
random sampling may affect the extracted levels of both
nutrients, which may affect fertilizer recommendations.

Table 1. Type lll F-values from statistical analysis of Mehlich-I-extractable phosphorus and potassium
from a long-term no-tillage soil in corn production.

Extractable P Extractable K

Broadcast P rates Broadcast K rates
Item df 0 50 100 150 0 25 50 75
Year (Y) 1 22.7" 79.6” 0.8 2.9 29.6" 8.4 6.4 1.2
Error a 4
Starter (S) 1 19.3” 106.7" 25.5" 3.4 13.97 1.1 1.7 0.2
S*Y 1 10.5 39.1™ 0.0 1.5 1.8 0.2 4.3 0.3
Error b 8
Position (P) 1 14.6™ 45.5™ 7.4 9.4" 89.3™ 49.0™ 83.2™ 116.5™
P*Y 1 18.6™ 94.0™ 7.5" 5.8" 0.0 111" 29.3™ 3.2
S*pP 1 17.2” 68.7" 0.2 15.3™ 3.0 0.0 1.2 0.0
S*PrY 1 23.1™ 78.4™ 5.0 4.6 1.1 1.0 6.1 4.5
Error ¢ 16

*, ** %k Significant at the 0.05, 0.01 and 0.001 probability level, respectively.

Table 2. Mehlich-l-extractable phosphorus (P) and potassium (K) from a long-term corn experiment as affected
by year, starter applications and sampling position.

Broadcast PO, rates (lb/acre) Broadcast K, O rates (Ib/acre)
0 50 100 150 0 25 50 75

YEAR = e Ib extractable P Ib extractable K-----------------------mmm--
1989 14 A* 33A 62 A 94 A 130 A 147 A 156 A 181 A
1996 6B 20B 58 A 102 A 103 B 129B 144 A 170 A
STARTER

Starter 14 A 34 A 2A 103 A 109 B 140 A 156 A 174 A
Check 7B 19B 49B 93 A 123 A 136 B 143 B 177 A
POSITION

In-Row 13A 31A 56 B 92B 128 A 151 A 171 A 208 A
Between-Row 8B 22B 65 A 105 A 105 B 125B 129B 143 B

Within a column of each P or K rate, means followed by the same letter are not significantly different at a = 0.05.
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Table 3. Effect of broadcast phosphorus and potassium rates, starter applications, year of sampling and sampling position
on Mehlich-I-extractable phosphorus and potassium.

In-furrow Sample Broadcast P,O, and K,O rates
treatment Position Year 0-0 50-25 100-50 150-75
Ib extractable P/acre

Starter R 1989 30 A* 68 A 74 AB 113 AB
BR 1989 9B 21BC 65 BC 90 CD

Check R 1989 7B 20BC 43D 72D
BR 1989 8B 21BC 51 CD 101 ABC

Starter R 1996 7B 20 BC 63 BC 96 BC
BR 1996 8B 25B 85 A 112 AB

Check R 1996 6B 15C 45D 85CD
BR 1996 5B 19C 56 CD 116 A

Ib extractable K/acre

Starter R 1989 136 A 154 A 163 B 198 A
BR 1989 115A 144 A 152 BC 157 B

Check R 1989 146 A 155 A 166 B 219 A
BR 1989 122 A 138 A 142C 151 B

Starter R 1996 102 A 153 A 197 A 214 A
BR 1996 86 A 110 A 113D 127B

Check R 1996 127 A 143 A 158 BC 201 A
BR 1996 98 A 108 A 107D 138B

“Within a column for each K rate, means of each extractable nutrient followed by the same letter are not significantly different at a = 0.05.
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MEASURING SOIL QUALITY ON THE ‘OLD ROTATION’
Michael D. Hubbs, D.W. Reeves and Charles C. Mitchéll Jr.

ABSTRACT ture studies will measure the differences in soil quality as
ow residue-producing crops such as cotto result of the conversion to conservation tillage in 1997.
I (Gossypium hirsuturh.), especially when grown INTRODUCTION
in monoculture, are detrimental to soil quality.

. . ; . The ‘Old Rotation’ experiment at Auburn University
Cover crops, crop rotations with legumes and high-resi- : . : . .
. i . . . “has been in continuous production since 1896 (Mitchell
due crops can improve soil quality. The ‘Old Rotation

(1896) is the oldest continuous cotton experiment in t (taal" 1996), and the purpose of this study was to show

. . : at the use of crop rotations and legume cover crops
world and includes rotations and winter legume cover crops : : X
. ; . ould sustain cotton and corn yields. In the spring of 1997,
in cotton production systems. There are six treatments n

the ‘Old Rotation”: a three-year rotation of cotton and o' 100 year of conventlopal t!llage, the “Old Rotation
was converted to conservation tillage. We were interested

rain crops plus a winter legume cover crop; two fertilizer
9 bs P 9 b in the effects of long-term legume cover crops, crop rota-

treatments (with and without N fertilizer) imposed on fons and N fertilizer on soil quality. We also needed a
two-year rotation of cotton and a grain crop plus a WintBr )

. . aseline value for soil quality in order to monitor change
legume cover crop; and three continuous cotton croppin . - ) .
. o . : as the ‘Old Rotation’ was converted to conservation till-
systems (with N fertilizer, without N or N supplied from a

. . age.
winter legume cover crop). Because of the uniqueness o

‘Old Rotation’ and the current interest in soil quality, th SQ” qualllty Is “the capacity of a specific kind of soil t_o
o o : i ; unction, within natural or managed ecosystem boundaries,
specific objectives of this study were: 1) to determine the . . g S
. . . ) 0 sustain plant and animal productivity, maintain or en-
effects of rotations on soil quality after 100 years; 2) {0

. . d ance water and air quality, and support human health and
evaluate thdJSDA Soil Quality Kitand compare resultsh bitation” (Karlen e? al y1997) SpoF?I quality cannot be
with standard procedures for selected indicators; and 3) R : " J ) .

. . N . ‘measured directly but must be inferred by its attributes or

develop a baseline of soil q_uallty _|nd|cat0rs to mon't%dicators (Seybold et al., 1998). Karlen et al. (1997)
change. After 1.00 years, soil quality was better for ths%ggested using indicators such as organic matter, infil-
three-year rotation and the two-year rotation plus N d%le . . . .
. . . ation, aggregation, pH, bulk density, electrical conduc-

to higher soil C (1.3 and 1.1%, respectively, compared 0. . . . . .
t|\(/]Jty and available nutrients to monitor soil quality.

a mean of 0.8% for others). The three-year rotation ha . .
ecause of the uniqueness of the long-term rotations

I 0,
higher percentage water stable aggregates (64% Comp?rqetae ‘Old Rotation’ and because of the current interest in
to a range of 34 to 53% for other treatments). Cation. .
: . Soil quality, we wanted to measure the effects of these
exchange capacity was highest for the three-year rotatjon . . o .
: ong-term treatments on soil quality. The specific objec-
and the two-year rotation (5.5 and 5.4 citkgl, respec- . . ) ;
. ¢ tives of this study were: 1) to determine the effects of
tively, compared to a mean of 4.4 cmiég for other . : oo i
) c rotations on soil quality indicators after 100 years; 2) to
treatments). Soil strength was lowest (six bars) for the : ) RS
. . . . evaluate thedJSDA Soil Quality Kit(Liebig et al., 1996)
three-year rotation while continuous cotton without a COVE | compare results with standard procedures for selected
crop or N had the highest soil strength in the top 4 in. 3 P P

the plow layer. Kit measurements had higher variabiIifnd!c""tors’.and 8) to develop a baseline of soil quality
ihdicators in order to compare future effects of conserva-

relative to standard procedures. Soil moisture was gre €l lillage. cover crops and croo rotations on soil aualit
at the time Kit measurements were taken and fewer samp\es g€ P P q Y-
were used, which may explain increased variability. The MATERIALS AND METHODS

Kit can be used to evaluate trends and comparisons butrhe ‘0|4 Rotation’ consists of 13 plots (Mitchell et

should not be used in place of standard procedures for 1996) Each plot is 21.5 ft by 136.1 ft and is separated

research. Information from this study will set a baselir‘[ﬁ, 3-ft alleys. Treatments in the ‘Old Rotation’ have evolved

for soil quality indicators for the "Old Rotation’, and fujns, six rotations (Table 1). The soil at the site of the
rotation is currently identified as Pacolet fine sandy loam
(clayey, kaolinitic, thermic Typic Hapludults), a typical

1USDA-NRCS Soil Quality Institute; USDA-ARS-National Soil DynamicsPiedmont soil. The soil has a Coastal Plain cap similar to
Laboratory; Auburn University.
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a Marvyn loamy sand (fine-loamy, siliceous, thermic Typithe covered ring was sampled with a syringe and passed
Kanhapludults). The site is on a gently rolling slope (tBrough a Drager 0.1 % CQ@ube and CQdetermined
%). Confusion for the soil identification is due to Auburrolorimetrically. Bulk density and soil water content were
being located at the junction of the two physiographineasured by inserting a 3-in.-diameter cylinder into the
regions with the upper part of the site (plot #1) moground. Calculations are similar to standard tests. Sail
characteristic of a Coastal Plain soil and the lower parater content samples for the standard method were col-
tion (plot #13) more characteristic of a Piedmont sdicted during a period of dry weather prior to planting
(Mitchell et al., 1996). (April 1997) while theUSDA Soil Quality Kis sampling
Standard Procedures was done in July after several rains. Soil pH and electrical
. conductivity (EC) were measured using pocket meters in
Nine standard tests were used to measure selected 5qjl

LT . . a 1.1 soil to water ratio. Soil nitrate content was deter-
quality indicators. Soil strength was measured using a re:

. . . . ined by dipping nitrate test strips in a filtered extract.
cording cone penetrometer with 10 insertions per pl !

S . . : The test strip color was compared to a standard color
beginning at 0.6 in. and recording a reading every 0.6 Rt indicating concentrations of nitrate
to 24 in. deep. Bulk density was determined from fivé — ’
undisturbed cores per plot at zero to 3 in. using the methgidtistical Analysis
of Blake and Hartge (1986). Gravimetric soil water con- Data were analyzed using the General Linear Model
tent was measured by taking five undisturbed cores frdf@LM) procedure of the Statistical Analysis System (SAS
each plot at the 0- to 3-in. depth (Gardner, 1986). Hydrdustitute, 1988). Least-squares means statements were used
lic conductivity K_,) was determined (Klute and Dirksonfor means separation. Pearson product-moment correla-
1986) from five undisturbed cores per plot at three difion among measured variables and methods were calcu-
ferent depths (0 to 3, 3 to 6 and 6 to 8 in.) for a total tzfted using the CORR procedure of SAS (SAS Institute,
15 samples per plot. Soil samples for nutrient determine988).
tlon_ were taken at three depths (O to 1.5, 1.5t0 6 gnd 6 to RESULTS AND DISCUSSION
10 in.) with composite samples from 10 random sites per
plot. Soil nutrients were extracted using Mehlich-l and The standard method for determining soil water con-
analyzed (Odom and Kone, 1997) using an inductivel{ent showed significant differences among treatments. The
coupled-plasma (ICP) analyzer. Elements determined wéigge-year rotation plus legume cover crop (treatment 1)
Ca, K, Mg, P, Cu, Fe, Mn, Zn, B, Mo, Al, Co and Nahad the highest average water content while the continu-
Cation exchange capacity (CEC) (Rhoades, 1986) and p#§ cotton treatments (treatments 2 and 3) had the lowest
were also determined (Tan, 1996). Samples for soil C a#Ril water content (Table 2). Sampling for soil water with
N were taken from five locations per plot to form threthe Kit at a later date showed no significant differences
composite samples by depth (0 to 1.5, 1.5 to 6 and 6a®ong treatments due to a higher variance in the data.
10 in.) The samples were prepared by fine grinding onA#0, we took five sub-samples during sampling for the
conveyor-belt apparatus to reduce sample variabiligj@ndard procedures and only three sub-samples with the
(Kelley, 1994). Duplicate samples were analyzed for cafit. Fewer samples taken with the Kit likely contributed
bon and nitrogen by a combustion technique. Percent Wa-more variability. There was good correlation between
ter stable aggregates were determined (Kemper df@ two methodsr(= 0.77), but the Kit's method had a
Rosenau, 1986) from samples taken from five locatioA#!ch higher coefficient of variation (c.v.), 32% compared
per plot forming three composite samples for depths oft®8% for the standard method.
to 1.5, 1.5 to 6 and 6 to 10 in. During wet sieving, two There were significant differences kq, (standard pro-

sub-samples were analyzed from each sample for a t&@flure) among treatments but not by depth. The c.v. was
of six samples per plot. high (62%). Infiltration measurements taken with the Kit

showed a trend for differences between the three-year

The Soil Quallty. Kit PrPCequrgs rotation and other treatments €F0.14); however, the c.v.
The USDA Soil Quality Kit(Kit) was used to measure,; o< 950,

seven soil quality indicators. Samples for all indicators ggi| ¢ was highest for the three-year rotation (treat-
were taken at three random positions per plot to the 3yRent 1) and lowest for continuous cotton without a le-
dgpth. .Infilltrati.on rate was m(_aas_ured using an a_lumim&nme cover crop or N (treatment 2) (Table 3). Respira-
ring 6 in. in diameter and 5 in. in length. The ring Wagyn measurements (Kit) showed no differences among
driven into the ground to a depth of 3 in. Water (1 in.) WgRsatments. However, there was good correlation between

poured in the ring; the time it takes to infiltrate is thg,nqratory determination of total C and respiration as mea-
determined infiltration rate (in./min). A lid with a rubbery .o by the Kit (r = 0.75). The Kit's method showed

septa was placed on top of the ring for 30 min to accuMare variation with a c.v. of 33% for respiration com-
late CQrespired by soil organisms and plant roots. Air in
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pared to 10% for soil C determination using standard pit-the 10-in. depth, possibly due to high variability in the
cedures. Generally, soil respiration was commensurate wdtdta (~55 % c.v.) or inherent differences in the soil pro-
soil C concentrations. The continuous cotton plus N (trefite between it and other plots. The variability could be the
ment 3) and two-year rotation (treatment 4) were excapsult of the ‘Old Rotation’ plots being located in a transi-
tions. tion zone, including both Piedmont and Coastal Plain soil

Electrical conductivity measured by the Kit showed sidgypes.
nificant differences among treatments. Treatment 3, con-
tinuous cotton with 120 Ib of N (plot #13) had a higher CONCLUSIONS
EC (0.67 dS/m) than other treatments (range from 0.10 toAfter 100 year of using a legume cover crop and crop
0.20 dS/m). This may be the result of accumulation of N@tations with high residue crops like corn and small grains,
from fertilizer treatments of sodium nitrate prior to Wor@oil quality is better for the three-year rotation plus a
War II. Plot # 13 is at the slope end of the site and hagviter legume cover crop (treatment 1) due to higher soil
higher clay content (25%) (Mitchell et al., 1996) thafarbon, more water stable aggregates, higher CEC, reduced
most of the other plots (< 20%), which may contribute &pil strength at the surface and higher soil water retention.
greater retention of salts. There were no differences amdfRgontrast, continuous cotton without a legume cover crop
other treatments in EC. had lower soil carbon, lower water stable aggregates, lower

Cation exchange ranged from 3.1 ciig for continu- soil water retention and greater soil strength down to 5 in.
ous cotton without legume or N (treatment 2) to 5.5 gmoNitrogen fertilizer and/or a legume cover crop within con-
kg for the three-year rotation (Table 4). Increases in CHRiguous cotton rotations contributed to more residues and
were due to more intense rotations, the use of legu@i€ater soil carbon accumulation over past 100 years. The
cover crops and N fertilization. These results are simil@@me can be said for the two-year rotations that included a
to those for soil carbon (Table 4). Treatment 3 was refigh-residue crop (corn) plus a legume cover crop with or
tively higher (5.6 cmolkg) due to higher clay contentWwithout nitrogen. With the exception of P, rotation treat-
compared to other plots. ments had little effect on extractable plant nutrients due

The percentage water stable aggregates ranged friénihe use of conventional tillage for the past 100 years.
35% in cotton without legume but N fertilizer (treatmeriiowever, these data will be used as a baseline to monitor
3) to 64% in the three-year rotation with legume covéyture changes in nutrient stratification caused by conser-
crop (treatment 1). Aggregate stability was increased wgtion tillage.
rotation, cover crop use and N fertilizer but was also af- The USDA Soil Quality Kits designed for semi-quan-
fected by clay content (data not shown). titative assessments and for education on soil quality. The

The ICP analysis showed significant differences Hfit can be useful for a conservationist or farmer to com-
treatment and depth for extractable P and by depth of§fe management practices to assess trends in soil quality
for extractable K. Phosphorus levels were lowest for thegt should not be used for research. Soil carbon data will
two-year rotation without N (treatment 6) and three-yelif beneficial to interpret Kit respiration readings. The Kit
rotation (41 and 45 mg/kg, respectively) while continuodd higher variation (c.v.) than comparable standard pro-
cotton without a cover crop and N was highest (99 mggdures. This may have been due to use of fewer samples
kg). Rotation treatments have had little effect on othfa kit measurements than for standard procedures. More
nutrients due to the use of conventional tillage for tHatensive sampling and incorporating data from standard
past 100 years, which has evenly distributed nutriei@sts can improve the reliability and usefulness of the Kit.
through the plow layer. Differences in P and K were lim- The benefits of crop rotations and cover crops should
ited to the upper 6 in. of the plow layer and were due ¢ enhanced by the addition of conservation tillage as a
fertilizer applications, reduced plant removal of nutrient§anagement practice in the ‘Old Rotation’. The impact of
in less productive rotations and mixing of soil in the plogonservation tillage on soil quality in the ‘Old Rotation’
layer due to tillage. The elemental analysis data will serg@n be monitored in the future using these established
as a baseline to monitor changes in nutrient stratificatibaseline values.
caused by conser.vat_ic.)n tiIIag(_e in the futu_re. _ LITERATURE CITED
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Table 1. The ‘Old Rotation’ treatments.

Treatment Plots Rotations N management
1 10, 11 and 12 Three-year rotation of cotton fb* legume cover crop 60 Ib/acre applied to
(Trifolium incarnatum L.) fb corn (Zea mays L.) fb wheat or rye

wheat (Triticum aestivum L.) or rye (Secale cereale L.)
for grain fb soybean [Glycine max (L.) Merr.]

2 land6 Continuous cotton without a cover crop No N

3 13 Continuous cotton + N without a cover crop 120 Ib/acre applied to cotton

4 2,3and 8 Continuous cotton + legume cover crop No N

5 4and7 Two-year rotation of cotton-corn +legume cover crop No N

6 5and9 Two-year rotation of cotton-corn + legume cover crop 120 Ib/acre applied to cotton
fb = followed by.

Table 2. Comparisons of some soil quality indicators determined from standard tests vs. the USDA Soil Quality Kit .
Means followed by the same letter are not significantly different at P < 0.10.
Bulk Density Soil Water K.
Treatments Standard Kit Standard Kit Kit Standard
glcm?® % in./min

Three-year rot. + legume cover crop 1.65 1.38 11.47a 19.75a 1.22 0.09bc
Cont. cotton with no legume 1.66 144 7.69c 9.98b 0.37 0.15a
Cont. cotton + 120 Ib N/acre 1.73 1.45 9.40bc 12.27ab 0.04 0.03c
Cont. cotton + legume cover crop 1.66 1.49 9.47b 15.12ab 0.43 0.09bc
Two-year rot. + legume cover crop 1.68 142 10.11ab 14.87ab 0.57 0.08c
Two-year rot. + legume cover crop + 120 Ib N/acre 1.62 1.40 11.67a 14.11ab 0.33 0.15a

Table 3. Comparisons of some soil quality indicators determined from standard tests vs. the USDA Soil Quality Kit ._.Means

followed by the same letter are not significantly different at P <0.10.
pH pH Respiration Total C Total N Nitrates
Treatments (standard) (Kit) (Kit) (standard) (standard) (Kit)
Ib/C/day % % ppm

Three-year rot. + legume cover crop 5.92¢c 5.83b 60.16a 1.27a 0.05ab 4.78b
Continuous cotton with no legume 7.16a 7.10a 22.07b 0.50d 0.02c 1.67b
Continuous cotton + 120 Ib N/acre 6.07bc 4.67c 36.28ab 0.87c 0.04abc 50.00a
Continuous cotton + legume cover crop 6.22b 5.93b 43.91ab 0.84c 0.04ab 6.11b
Two-year rotation + legume cover crop 6.32b 5.84b 60.42a 0.85¢c 0.05ab 2.83b
Two-year rotation + legume cover crop + 120 Ib N/acre 5.52d 5.05¢c 44.73ab 1.09b 0.06a 10.34b
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Table 4. Comparisons of CEC and water stable aggregates %
(WSA) determined from standard tests. Means followed by the
same letter are not significantly different at P <0.10.

Treatments CEC WSA
cmol /kg %

Three-year rotation + legume cover crop 5.5a 64.1a
Continuous cotton /no legume 3.1c 49.8b
Continuous cotton + 120 Ib N/acre 5.6a 34.7c
Continuous cotton + legume cover crop 4.3b 52.2b
Two-year rotation + legume cover crop 4.6b 53.2b
Two-year rotation + legume cover crop

+ 120 Ib N/acre 5.4a 48.9b

Tepth{in}
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Fig. 1. Soil strength as influenced by treatment.



NITROGEN RATES AND COVER CROPS FOR NO-TILL COTTON
IN THE MISSISSIPPI BROWN LOAM

J.R. Johnson and J.R. Saunders

INTRODUCTION using a rotary cutter leaving a plant stubble of approxi-
soil resource area east of the Mississippi Delfgately 8 in. After stalk shredding, wheat and vetch were
A that runs the entire length of the state and variBianted no-till in the cotton stubble 20 October with a Tye
in width from 50 to 125 miles is referred to adrain and small seed drill in a randomized compete block.
the Brown Loam soils area of Mississippi. Soils of thi¥/n€at was seeded at 90 Ib of seed/acre and vetch was

area are some of the most erosive soils in the natigfeded at 45 Ib/acre. In the spring of 1996 the wheat,
Soils of the Brown Loam are loess soils and have little Y¢tch and native cover had Roundup (glyphosate) sprayed
no cohesion. When wet the soil particles appear to dier the top at a rate of 2.0 Ib ai/acre 8 April 1996. A
perse in water as soils having no structure, making ffcond burndown was made using Gramoxone (paraquat)
easy soil erosion. Low organic matter makes these s@lis0- Ib ai/acre 27 April 1996. .

susceptible to crusting and sealing following spring rains, 1€ Same cover crop management techniques were used
which creates conditions conducive to water erosion. Ifh the 1996-97 cover crops except for dates of planting
addition, many of the soils have slopes exceeding 108fd burndown. In 1996 the cotton stalks were cut 4 No-
which further contributes to erosion. In order to meet t§MPer, and cover crops were seeded 5 November. First
requirements of the 1985 Farm Bill, no-till and minimunRurndown treatment was sprayed 24 April 1997, and sec-
tiled practices had to be adopted with the use of coydid burndown was sprayed 19 May 1997. A split block
crops and buffer strips if row crops were to be grown Hesign was used with cover crops planted in a randomized
the Brown Loam. Reducing tillage and growing a Cové;,omplejtel block and nitrogen levels as subplots_ random-
crop increased surface residue, which helped decrease &gf! Within each block. Each plot consisted of eight rows
sion along with supplying or depleting nitrogen from tha8 in. wide and 50 ft long. All treatments were replicated

soil, depending on type of cover crop. four times.

Wheat, native weeds and grasses deplete nitrogen fron{* Plénd of dry phosphorus and potassium fertilizer was
the soil whereas clover and vetch add nitrogen to the sBfioadcast according to soil test recommendations 27 April
It was estimated by Stevens et al. (1993) that a whédqP® and 7 April 1997 across the entire plot area. Al
cover crop will require 30 additional units of nitrogesfOtton planting was done using a John Deere Max-Emerge
during the growing season to compensate for the nitroddRde! 7100 planter equipped with bubble coulters to cut
the microbes need to decompose the wheat residue. BréfiQugh the residue in the no-till systems. Cotton was
et al. (1985) estimated that a clover cover crop will adtgnted 27 April 1996 and 19 May 1997. At planting Temik
between 30 and 45 Ib of nitrogen to the soil and a vetdHdicarb) was applied in the drill at 0.75 Ib ai/acre.
cover crop will add between 45 and 60 Ib of nitrogen thEmachlor Super X (pentachloronitrobenzene) was applied
the soil. at planting in the seed drill at the rate of 2.0 Ib ai/acre.

A study was started at the North Mississippi Brandpotoran (fluometuron) and Dual (metolachlor) were
Experiment Station in Holly Springs, Mississippi, to desPrayed brqadcast at a rate of 0.75 and 1.0 Ib ai/acre.
termine the nitrogen requirements of no-till grown cottonPray solution was applied at the rate of 18 gallons/acre.
using wheat, native cover and vetch as the winter covafaPle (pyrithiobac sodium) was sprayed broadcast over
crops. This information would be useful in helping prdhe entire study when the cotton had reached the three-
ducers select cover crops and managing no-till grown cBfid four-leaf stage. Select (clethodim) at 0.3 Ib ai/acre
ton. was broadcast over the entire study when the cotton was

near first bloom. A lay-by herbicide mixture of Bladex
MATERIALS AND METHODS (cyanazine) at 1.0 Ib ai/acre and MSMA at 0.75 ai/acre

In 1996 and 1997 nitrogen studies were conducted W@as directed under the cotton and in the middles at ap-

fields that were in cotton production the previous yed¥oximately eight weeks after planting. Insect control was

After cotton harvest the stalks were cut 19 October 1986cording to standard recommended practices and thresh-
olds.

Nitrogen fertilizer rates of 0, 30, 60, 90, 120 and 150

—_— Ib/acre were evaluated to determine the optimum nitrogen
Mississippi State University.
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rates for each cover crop. Nitrogen was applied usinghet until the 1997 growing season that a uniform process
tractor-mounted Gandy calibrated for each N rate. Ammof collecting, processing and analyzing the petiole sap and
nium nitrate (34% N) was the source of nitrogen. Nitra&zhlorophyll fluorescence was worked out.
gen was placed approximately 1 ft from the drill and 2 in. Chlorophyll fluorescence measurements made in this
below the surface. All nitrogen was applied after emestudy in 1997 were not very sensitive to levels of fertil-
gence and before matchhead-sized squares were presemer nitrogen above 30 Ib/acre at the second and fourth
Chlorophyll fluorescence measurements were made useek of bloom (Table 1). This was in agreement with
ing a Minolta Spad 502 hand-held fluorescent meter studies by Radin et al. (1985) conducted in Arizona on
the leaves of 20 plants selected at random within edofigated cotton where leaf conductance was not affected
plot and averaged across the plants for a single plot rebg-nitrogen level except in severe N deficits. Only the 90-
ing. Leaf readings were taken on the fifth expanded ldbf level fluorescence at the first week of bloom had a
below the terminal of the plant. Chlorophyll fluorescendewer reading than any level above 30 Ib, and no logical
measurements were made at first bloom, two weeks afteplanation exists for this low reading. Chlorophyll fluo-
first bloom and four weeks after first bloom. rescence tended to be higher at two weeks and four weeks
Twenty petioles were collected from the same leaf froafter bloom for all N levels than at the onset of fruiting.
which the chlorophyll fluorescence reading was taken, 6hlorophyll measurements for cover crops were non-sig-
each plant, of each plot, of each treatment and each repificant at each blooming period (Table 2).
cate for evaluation of nitrate-N status using a Minolta Average petiole nitrate-N sap measurements were sig-
hand-held nitrogen meter. Sampling of petioles was madiéicantly lower at first and fourth week of bloom for the
at first bloom and four weeks after first bloom. Petioleg® N level across all cover crops (Table 3). At first week
were collected from the fifth fully expanded leaf on thef bloom, the petiole sap measurement was higher for the
main stem below the plant terminal. Petioles were froz€0-Ib level than any of the other levels above 30 Ib con-
immediately after collection. Analysis was conducted immasted to fluorescence measurements where the 90-lb
an air-conditioned laboratory 24 hours after collection. lg#vel was lower than other levels above 30 Ib. Fourth week
was hoped that this would eliminate a variation in the metdr bloom, petiole nitrate-N sap levels were non-signifi-
reading from exposure to sunlight or temperature varieant for the N levels of 30 to 150 Ib/acre. Petiole sap
tion. Petioles were processed by thawing them under measurements dropped 53%, 18%, 20%, 31%, 18% and
infrared light for 5 min before the stems were cut intb8% between the first week of bloom and the fourth week
lengths of approximately 1 in. Petiole sap was extractefl bloom for the 0-, 30-, 60-, 90-, 120- and 150-Ib/acre
by placing the cut petiole stems into a garlic press aledel, respectively. Petiole sap measurements for the wheat
squeezing out the petiole sap. Approximately 1 ml of sapd vetch were higher than the native cover crop at first
was squeezed into a test tube from a composite of theviélek and fourth week of bloom (Table 4). Petiole sap
petioles of each plot. Two or three drops of sap of eanteasurements dropped 12%, 16% and 20% between the
test tube were placed on the calibrated meters. Meter chitst and fourth week of bloom for the wheat, native and
bration was checked by running a standard at the startvefch cover crops, respectively.
each test period and after every 20 samples. The 1996 yield data were extremely hard to interpret
A defoliant was sprayed over the crop when more thAecause no pattern was established for nitrogen rates (Table
75% of the bolls were open. Yields were determined ). Yields followed the same pattern as the first, second
harvesting the two center rows of each eight-row pland fourth week of bloom in fluorescence readings in
Yields are reported in pounds of seedcotton per acre. 1997; no difference was noted between cover crop yields.
RESULTS AND DISCUSSION Soil sgmples were taken .aft(_er the growing season, and
analysis, incomplete at this time, should reflect residual
Cotton stands were excellent for both years in all plot§. levels. The 150-Ib N/acre level was the only level that
Rainfall was above average in early season of both yegjigided higher than the O-lb N/acre level in 1997. The
However, the plants suffered severe drought in mid apskults presented here are disappointing when expecting a
late season of 1996. Heat units in DD 60's were negeld response from N levels between the 0 and 150 Ib N/
normal for northern Mississippi in both years. In 199%cre. Yet this is why the Brown Loam area was an impor-
the DD 60’s accumulation was extremely slow during thant cotton growing region before commercial fertilizer
first of the growing season but gained momentum as t&d has always been an important growing region of Mis-
season progressed to end with normal DD 60’s. sissippi. The area appears to have a natural fertility of N
Chlorophyll fluorescence measurements and petiole Rir cotton. Arnold et al. (unpublished data), working with
trate-N sap analyses for 1996 are not reported since ¢ga@on fertility and N levels for many years at the North

techniques that were used varied in accumulating averaggssissippi Branch Station, were able to produce 200 Ib
for fluorescense and extracting sap from petioles. It was
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lint/acre without the addition of N, P and K for 15 con-Table 4. Petiole sap analysis of cover crops averaged across
secutive years nitrogen rates using a Minolta hand-held nitrate-N meter (data

in ppm x 100), 1997.

LITERATURE CITED Blooming Period

Brown, S.M., T. Whitwell, J.T. Touchton and C.H. Burmester. 198&)\/9r Crops 1stweek 4th week

Conservation tillage systems for cotton production. Soil Sci. sdiheat 71.33 62.50
Am. J. 49:1256-1280. e oS o
Radin, J.W., J.R. Mauney and G. Guinn. 1985. Effects of N fertilifsy  og) 545 565
on plant water relations and stomatal responses to water stgggs 11.60 14.70

inirrigated cotton. Crop Sci. 25:110-114.

Stevens, W.E., J.R. Johnson, J.J. Varco and J. Parkman. 1993. Tillage
and winter cover managements effects on fruiting and yield of

Table 5. Seed cotton yields of wheat, native cover and vetch
cover crops using 0, 30, 60, 90, 120, 150 Ib nitrogen/acre,

cotton. J. Prod. Agric. 5:570-575.

1996 and 1997.

Year
Table 1. Chlorophyll fluorescence reading for nitrogen rates N rates (Ib N/acre) 1996 1997 Average
averaged across cover crops taken with a hand-held Minolta Wheat
Spad 502 meter, 1997. 0 620 2822 1721
Blooming Period 30 881 2500 1690
Ib N/acre 1st week 2nd week 4th week 60 641 2824 1732
0 43.65 42.26 42.69 90 1069 3935 2502
30 48.81 49.32 52.00 120 708 3564 2163
60 49.62 50.90 54.33 150 968 3390 2179
0 44,94 49.74 52.70 Native
120 45,98 4871 54.35 0 628 2860 1724
150 51.41 50.35 54.44 30 814 2697 1756
LSD (0.05) 1.58 1.85 1.67 60 908 3934 2421
cv 3.7 4.2 3.6 90 1215 3465 2340
120 767 3663 2215
150 1301 3762 2531
Vetch
Table 2. Chlorophyll fluorescence reading for cover crops 0 795 2994 1894
averaged across nitrogen rates taken with a hand-held 30 1014 3118 1894
Minolta Spad-502 meter, 1997 60 802 3120 1961
! : 20 1088 2275 1681
Blooming Period 120 924 2673 1798
Cover Crop 1st week 2nd week 4th week 150 939 3560 2249
Wheat 47.95 48.79 52.42 LSD (0.05) 158 304
Native 47.64 49.34 51.48 cv 16 15
Vetch 46.60 47.50 51.35
LSD (0.05) ns ns ns
cv 4.1 4.1 51

Table 3. Petiole sap analysis of N rates averaged across cover
crops using a Minolta hand-held nitrate-N meter
(data in ppm x 100), 1997.

Blooming Period

N rates (Ib N/acre) 1st week 4th week
0 55.00 25.75
30 73.25 59.67
60 77.33 61.83
20 85.42 59.33
120 74.42 60.50
150 74.00 60.59
LSD (0.05) 10.10 11.72
CcVv 17.10 23.60
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TILLAGE STUDIES ON COTTON
T.C. Keisling, E.C. Gordon, G.M. Palmer and A.D. €ox

INTRODUCTION RESULTS AND DISCUSSION

eep tillage with implements that have new de- Results from the deep tillage experiments are shown in
D signs continues to be of interest. This is esp@&able 1. Note that at NEREC there is a year effect. The

cially true with the increasing weights of farmyear effect was due primarily to treatments giving differ-
machinery and equipment that have sufficient weight émt yield responses from one year to the next. Other deep
severely compact soil. Soil compaction can limit watdillage treatments were somewhat intermediate between
infiltration, water storage and/or root penetration of thtbe check and the parabolic subsoiler in the fall. Of par-
soil. Although many deep tillage experiments have be#oular interest was the lack of response of the imple-
conducted in the past, they were conducted in late winteents that did not disturb the soil surface significantly.
or early spring when soil was wet and gave no yield iResults from one year’'s data at Delta Branch indicate that
creases. Recent work suggested that with clays, fall tillagdjfferent implements than those used at NEREC resulted
when the soil was dry would give yield responses to sag- higher yields. This indicates that farmers may want to
beans. Experiments were initiated to investigate the influse different deep tillage implements on different soil
ence of the new equipment designs on deep fall tillagges.
when the soil was dry. Shallow crusts that delayed plant emergence for more

The continued loss of soil organic matter also is cothitan two days reduced lint yields substantially (Fig. 1).

tributing to compaction of soil. This compaction can b¥ield reductions of as much as 50% resulted from seed-
shallow and in the form of crusts that retard emergeniaggs being trapped in a crust at the cracking stage for
and growth. An experiment was started in 1997 to assed®ut four days. Seedings were observed to exhibit “big
the importance of these shallow crusts on end-of-the-sshank,” broken hypocotyls and small cotylendary leaves.

son lint yield.
Table 1. Lint yields at Northeast Research and Extension

MATERIALS AND METHODS Center (NEREC), Keiser, Arkansas, and Delta Branch,

Clarkedale, Arkansas.

Experiments were begun at the Northeast Research and
Extension Center (NEREC), Keiser, Arkansas, on a Sharkeféaiment NEREC Delta

. . Year 95 96 97 97

silty clay in 1993 and at Delta Branch, Clarkedale, Arkan- .
sas, on Dubbs-Dundee silt loam in 1996. Tillage experi- Ib lint/acre

! ) . ’ . 5 Conventional 68la 555a 915a 830ab
ments consisted of eight treatments arranged in a randenparabolic in fall 709a 589a 747a  836ab
ized complete block with eight replications at the tw& Parabolic in fall 45 827ab
locations. The treatments were 1) check, 2) subsoil in f&|Parabolicin spring 733  605a  848a  830ab

5. Parabolic shallow in fall -- - - 788b

with parabolic subsoiler in the seedling row, 3) subsoil anara il in fall 700a  604a 8l6a  874a
fall with parabolic subsoiler at a 45 degree angle to se@dpmi winged tip 12 to 14" 709a 555a 7492  871a
ling row, 4) subsoil in spring with parabolic subsoiler i&. DMI winged tip just
the seedling row, 5) subsoiling shallow in the fall with Peneath plow paninfall - —  80%
parabolic subsoiler in the seedling row, 6) para-till in fall
with seedling row, 7) DMI winged tip straight shank run
just beneath the plow pan in fall and 8) DMI winged tip
straight shank run with tip 12 to 14 in. deep in fall.
Crusting experiments were begun in 1997 at Delta
Branch on Dubbs-Dundee silt loam. The crusting duration
was simulated by placing a 10-ft board over the seedling
row at cracking and removing it at 2, 3, 5, 7 and 10 days

later.
'First author is Prof. of Agron. and others are Res. Assoc. All are located at Fig. 1. Effect of length of time crust is in place
the Univ. of Ark., Northeast Res. and Ext. Ctr., PO Box 48, Keiser, AR 72351. from beginning cracking.
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NO-TILL PRODUCTION IN THE ARKANSAS
SOYBEAN RESEARCH VERIFICATION PROGRAM

R.A. Klerk, J.D. Beaty, L.O. Ashlock, C.D. Brown and T.E. Winé#lham

INTRODUCTION tivation for weed control with eight of the conventional
he Arkansas Soybean Research Verification prBlanted fields receiving at least one cultivation (Table 2).
I gram (SRVP) was established 14 years ago to im- Yields on the SRVP fields were calculated from weigh

prove soybean production and profitability in Arlickets and field size where possible. In some fields weigh

kansas. In this program, the SRVP coordinator and coulj§90ns were used to determine yields. The yields reported
Extension agent prescribe Extension recommendations?[f§ ased on 13% moisture. , _

a very timely manner, resulting in more profitable com- All operations and inputs into a field were compiled
mercial soybean production. Essential to the program/® €conomic evaluation. The budgets for each field were
participation from the individual soybean producer, coog€nerated with the Mississippi State Budget Generator
eration from soybean researchers and Extension spedi4SBG) developed by Spurlock and Laughlin (1992). The

ists and continued funding from the Arkansas SoybeXPBG is @ computer-based budgeting program that esti-
Checkoff Program. mates costs and returns for specified crop or livestock

Research continues to indicate that no-till or reduce@?terprises (Windham and Brown, 1998). The program

tillage methods can produce yields comparable to thdgt@ins data regarding the input quantities and prices as
with conventional tillage and that certain inputs are oftd¥€!l @s output levels and prices. Operating costs (seed,
reduced (Mayhew et al., 1995). Therefore, 28 out of 1081tlizer, chemicals, fuel, labor and repairs) and owner-
or 27.5%, of the commercial soybean fields enrolled ﬁplp costs (depreC|at|0n,.|nterest, taxes and msurance) were
the SRVP from 1993 to 1997 were planted no-till (Ash|oc%st|mated for all SRVP fields on a per acre bas!s. Produc-
et al., 1993 through 1997). Twelve different soybean pron costs for all the fields were recalculated using a con-
duction systems are utilized in the SRVP. These inclugint set of equipment and input prices. This procedure
early-season, full-season, doublecrop (soybean followifjminates many of the market influences that affect pro-
wheat) planting dates, with and without irrigation. Thescgjctlon costs but were unrelated to the production tech-

six systems are further divided into conventional and ng@!09y being evaluated.
till practices. The early-season and doublecrop systems RESULTS AND DISCUSSION
have the highest percentage of no-till entries. Agronomic

. . o No-till represents another viable management tool for
and economic comparison of the doublecrop irrigated pro- . ;
so¥bean producers in Arkansas to increase net returns from
M

duction system are presented since this system compris . : . .
i . .~ Soybean. No-till practices have been used in a higher per-
the largest number of both no-till and conventional tillage . !
. i . entage of fields planted in the early-season or doublecrop
fields (13 fields apiece) (Table 1). . . S
production system. The average no-till doublecrop irri-
MATERIALS AND METHODS gated soybean yield during the period from 1993 to 1997

Twenty-six commercial soybean fields enrolled in SRV¥aS 43.6 bu/acre. The conventionally tilled fields averag-

were planted in a doublecrop irrigated production systdR¢ 41.9 bu/acre (Table 2).

between 1993 and 1997. Thirteen of these fields wereCOmparisons between the no-till and conventionally
planted no-till with the other thirteen planted using coﬁi-"ed fields indicate that the no-till fields on average were
tamaller in size, 54 verses 65 acres, respectively, while the

ventional tillage practices. The field size, planting dal ) > O~
row spacing, number of cultivations and yield are |istéﬂantlng date for the no-till fields averaged four days ear-

for these fields in Table 2. lier. The rows were also narrower in the no-till fields
Weed control was achieved with a variety of herbfompared to the conventionally tilled fields, averaging 9.9

cides. Only one of the no-till planted fields received cul?- Verses 23.5 in., respectively. The more narrow row
spacing in the no-till fields undoubtedly was responsible

for the fewer cultivations when compared to the conven-
First and third authors are with Agron. Sec., Coop. Ext. Ser., Univ. of Arﬁ!.c,ma"y u”e(_j fI?ldS. . .
located at Little Rock, AR., second author is with Agron. Sec., Coop. Ext.Ser.,TabIe 3 |nd|9ates that the no-till SRVP f'(?lds had an
Univ. of Ark., located at Monticello, AR., and other authors are with Agriaverage operating cost of $115.02/acre while the aver-
Econ. Sec., Coop. Ext. Ser., Univ. of Ark., located at Little Rock, AR. aged operating costs for the Conventiona“y tilled fields
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were $124.42/acre. No-till fields reflected a higher opehshlock, L.O., R.A. Klerk, W.L. Mayhew and T.E. Windham. 1994.
ating cost in both seed and custom work, while conven- Arkansas Soybean Research Verification Program. Cooperative
tionally tilled fields reflected higher operating costs for EXtension Serv., Univ. of Arkansas, Little Rock, Arkanss.
fertilizer, operating labor, irrigation labor and repair an@Shiock, L.O., RA.Klerk, W.L. Mayhewand T.E. Windham. 1993.
maintenance (Table 4). Similar costs between the two meth- Arkansas Soybean Research Verification Program. Cooperative

. . .. . Extension Serv., Univ. of Arkansas, Little Rock, Arkansas.
ods were obtained with seed treatment, herbicide, dlergi% hew, W.L., R.A. Klerk, N.V. McKinney and T.E. Windham.

and interest. Herbicide costs were the highest operating’ 1995, No-till production in the Soybean Research Verification
cost for both systems. Program. Conservation Technology in Arkansas Agriculture
Additionally, Table 3 depicts that ownership costs were 1993. Research Series 442:25-29.
similar with no-till fields having a $50.17/acre chargé&purlock, S.R., and D.H. Laughlin. 1992. Mississippi State budget
verses a $51.46/acre charge for conventionally tilled fields. generator user's guide version 3.0. Agricultural Economics
The total costs (operating plus ownership) averaged -Sr‘teChi\‘/i?a'_P”_b”?gttiot” Nl\(;ll' 20 Mississippi Agr. and Forestry Exp.
thas a., Mississippi State, Mississippi.
ﬁ]le6iloln8\5:r(i:i%nfglrfitgledsﬁo tll fields and $175.88/acre fQI\r/indham,T.E.,and C.D. Brown. 1998. Estimating 1998 Production

b . f $6.29/b d Costs in Arkansas: Soybeans. Extension Technical Bulletins
A ten-year average soybean price of $6. o uwas l“_'se 491- 498. Cooperative Extension Serv., Univ. of Arkansas, Little
plus a 25% cropshgre land rent for_economlc evaluation. Rock, Arkansas.
Net returns for no-till were higher, with an average return
of $40.61/acre while net returns for conventional till
above total costs and land rent averaged $21.78/acre.  Table 1. Number of Soybean Research Verification Program
In addition, no-till offers many advantages to manage- fields under different production systems with no-till and
ment in soybean production. These include planting ear- conventional tilage practices. 1993-1997.
lier than would have been possible with tillage and the Dryland migated
" . . . . & No-Till Conventional No-Till Conventional
ability to save soil moisture at planting (especially benefi oS s R 1 o
.. . . . . :Early Season
cial in a _doublecrop situation). This conservatiop of moi “Il Season 1 15 3 43
ture will increase the chance of the crop obtaining a stasgipie-crop 7 2 13 13
and even producing acceptable height prior to the first
irrigation. A no-till cropping system also reduces soil loss
from the field and protects the quality of area surfadéble 2is on the following page.

water.

CONCLUSIONS Table 3. Number of doublecrop irrigated Soybean Research
Verification Program fields from 1993 to 1997 with average
The SRVP no-till fields were successful in loweringield, operating cost, ownership, total cost, net return and net

specified operating and ownership cost without losing yield return with 25% land rent charge.

potential. Operating and ownership costs were lower ligm No-Till__Conventionally Tilled
no-till SRVP fields than in tilled fields. Yields of the no-Number of Fields 13 13

till fields were slightly higher than those of the convent€!d (buacre) 43.6 41.9

. . . . . . Operating Cost ($/acre) $115.02 $124.42
tionally tilled fields. A quicker turn around in plantinge,nership Cost ($/acre) $50.17 $51.46
soybeans after wheat was achieved when planting no-<tital cost ($/acre) $165.18 $175.88
which can aid in establishing an adequate plant stand. Net Return ($/acre) $109.21 $87.67

No-till also offers soybean producers an addition®ft Returmn +25%
Land Rent Charge ($/acre) $40.61 $21.78

management tool. The use of no-till does allow quicker
planting and better use of soil moisture when moisture is
limited. Preservation of tOp soil and surface water are Table 4. Inputs of operating cost for doub]ecrop irrigated

also gained from no-till soybean production. Soybean Research Verification Program fields from 1993-1997.
LITERATURE CITED Item No-Till ;onventionally Tilled
acre:

Ashlock, L.O., R.A. Klerk, J.D. Beaty and T.E. Windham. 199%eed $16.40 $14.48
Arkansas Soybean Research Verification Program. Cooperatiuetom Work $17.14 $13.72
Extension Serv., Univ. of Arkansas, Little Rock, Arkansas. Fertilizer $8.69 $11.53

Ashlock, L.O., R.A. Klerk, W.L. Mayhew and T.E. Windham. 19965eed Treatment $133 $1.23
Arkansas Soybean Research Verification Program. Cooperaf(])iféb'c'.de $34.21 $31.91

. . . perating Labor $4.15 $7.33
Extension Serv., Univ. of Arkansas, Little Rock, Arkansas. Irrigation Labor $4.04 $5.56

Ashlock, L.O., R.A. Klerk, W.L. Mayheyy an.d T.E. Windham. 1995;3iese| $12.17 $13.33
Arkansas Soybean Research Verification Program. Cooperaiair and Maintenance $12.95 $16.27
Extension Serv., Univ. of Arkansas, Little Rock, Arkansas. Interest $3.11 $3.58

Total $114.39 $118.94
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Table 2. County, field size, planting date, row spacing, number of cultivations and yields of SRVP fields in doublecrop irrigat
production systems. 1993-1997.

No-Till
County (Year) Field Size Plant Date Row Space Number of Cultiv. Yield
acre in. bu/acre

Jefferson (93) 90 6-21 19 1 39.5
Lonoke (93) 50 6-14 19 0 36.6
Prairie (93) 60 6-14 7.5 0 54.6
Jackson (94) 35 6-18 13 0 46.0
Jackson (95) 35 6-24 8 0 415
Lonoke (95) 40 6-12 7.5 0 49.1
Pulaski (95) 31 6-8 7 0 37.6
Lonoke (96) 50 6-17 7.5 0 42.0
Poinsett (96) 56 6-24 7.5 0 32.1
Pope (96) 37 6-15 75 0 54.0
Pulaski (96) 50 6-14 7.5 0 35.1
Craighead (97) 38 6-25 10 0 46.5
Lee (97) 125 6-23 7.5 0 52.8
Average 54 6-18 9.9 0.1 43.6
Conventional Tillage

County (Year) Field Size Plant Date Row Space Number of Cultiv. Yield

acre in. bu/acre

Arkansas (93) 49 6-30 14 0 415
Lincoln (93) 30 6-22 15 2 233
Poinsett (93) 135 6-21 30 1 35.2
Randolph (93) 55 6-22 30 2 52.8
Arkansas (94) 53 6-17 30 3 39.3
Jefferson (94) 45 6-19 19 0 35.2
Lincoln (94) 30 6-27 30 1 36.7
Prairie (94) 109 6-25 30 2 52.4
Lincoln (95) 40 6-13 38 3 42.4
St. Francis (95) 130 6-19 7 0 45.8
Cross (96) 53 6-24 15 0 43.2
Independence (96) 34 6-18 15 0 51.6
Arkansas (97) 80 6-24 32 2 454
Average 65 6-22 235 1.2 41.0
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INFLUENCE OF PLANTING DATE AND HARVEST DATE ON COVER CROP
PERFORMANCE IN A CORN PRODUCTION SYSTEM

H.J. Mascagni, Jr. and D.R. Burhs

INTRODUCTION ing dates at St. Joseph were 18 October and 15 November
inter cover crops have become very pOpu|ailn 1995 and 7 October, 4 November and 11 December in
Wnot only for erosion control, but also for SO"1’996. Planting dates at Winnsboro were 20 October and

nitrogen (N) contributed by leguminous coversl® November in 1995 and 3 October, 1 November and 21

Research has indicated that cover crop growth shouldfaveémber in 1996. ,
terminated about three weeks prior to planting (Torrey, EXPerimental design was a randomized complete block

1992), minimizing soil insect problems and also enhantith four replications. Cover crop treatments were har-

ing soil moisture status for the following crop. Addition¥ested 4 March and 1 April at both locations in 1996 and

ally, winter cover crops may increase soil organic matte March and 9 April at St. Joseph and 18 March and 10
This is very important for soils of northeastern LouisianAPrl &t Winnsboro in 1997. Total above-ground plant mat-
particularly loessial soils of the Macon Ridge area algr was collected from se_parate areas within each plot for
alluvial soils of the Mississippi River. Organic matter ifach harvest date. Sampling area was forreach harvest

these soils is extremely low due to intensive croppirffifité: Plant tissue was dried at 70 C, ground, and analyzed
over the years. for total N. Analyses of variance of dry weight data were

Optimal planting dates for corn in northern Louisiangonducted using GLM procedures of SAS. The LSBx (P

range from mid-March to early April (Mascagni and-05) was calculated for mean separation.
Boquet, 1996). Thus, the ideal time for cover crop termi- RESULTS AND DISCUSSION
nation would be mid-February to mid-March. Biomass Pres,

duced between planting and termination determines a Cove'rJose\IOh ) )
crop’s effectiveness. The more dry matter produced, theE@ch year, only the October planting date survived the

greater the benefits from soil erosion control, improvefinter with adequate stands on the Sharkey clay soil. In
soil properties and N contribution from leguminous-typ&996, cover crop dry weight for the 4 March harvest date
cover crops. The objective of this study was to determiff@"9ed from 537 Ib/acre for Dixie crimson clover to 2497
the influence of cover crop planting date and terminatidf@cre for Austrian winter peas (Table 1). Total N in har-

date (harvest date) on dry weight for several winter coWéSted plant parts ranged from 15 Ib N/acre for Dixie
crops that may be used in a corn production system. ~ fimson clover to 118 Ib N/acre for Austrian winter peas.

Dry weight increased for each cover crop, except winter
MATERIALS AND METHODS wheat, as planting date was delayed.

Field experiments were conducted in 1995/1996 and There were fewer differences for dry weight among
1996/1997 on a Sharkey clay (very-fine, montmorillocover crops in 1997. Dry weight ranged from 641 Ib/acre
nitic, nonacid, thermic Vertic Haplaquepts) at the Nortfior native vegetation to 2227 Ib/acre for Austrian winter
east Research Station near St. Joseph, Louisiana, and Bfa& (Table 2). Dixie crimson clover, berseem clover, Aus-
Gigger silt loam (fine-silty, mixed, thermic Typictrian winter peas and winter wheat had similar dry weights.
Fragiudalf) at the Macon Ridge Research Station Rty weight at the 10 April harvest date increased for each
Winnsboro, Louisiana, to evaluate the influence of plarffover crop, except Austrian winter peas.
ing date and termination date (harvest date) on dry weiglithnsboro

and N content of several winter cover crops that may be, 1996, only the 20 October planting date survived the
used in a corn production system. Cover crops evaluaighier with an adequate stand. Dry weight for the 4 March
were crimson clover (Robin” and "Dixie’) Ttifolium  paryest date ranged from 854 Ib/acre for berseem clover
incarnatumL.), berseem clover (‘Bigbee')T(ifolium 1, 1818 |p/acre for Austrian winter peas (Table 3). Total
alexandrinuml..), Austrian winter pealfolichos lignosus \ jn harvested plant parts ranged from 30 Ib N/acre for
L.), winter wheat (‘Buckshot 2368")T(iticum aestivum inter wheat to 67 Ib N/acre for Austrian winter pea. Dry
L.) and native vegetation (only in 1997). Cover crop planfjeight at the second harvest date increased for each cover

crop, except for winter wheat.

Louisiana State University Agricultural Center, Northeast Louisiana Station,
St. Joseph, LA.
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The 3 October and 1 November planting dates in 198%st consistent performance for biomass production.
had adequate stands; however, the 21 November plani@rgnson clover, Austrian winter peas and winter wheat
date did not survive the winter in 1997. Highest covéad the highest dry weight on the loessial silt loam of the
crop dry weight occurred at the 3 October planting datéacon Ridge. Austrian winter peas had the highest N con-
(Table 4). Both crimson clovers, Austrian winter peas ament of the four legume cover crops evaluated. Total N in
winter wheat had similar dry weights for each plantinigarvested plant parts indicates that Austrain winter peas >
date. Each crimson clover doubled in dry weight as harimson clover > berseem clover > wheat in providing N
vest date was delayed, probably accounting for the signffir subsequent crops.
cant cover crop x harvest date interaction. LITERATURE CITED

SUMMARY Mascagni, H.J., Jr., and D.R. Boquet. 1996. Starter fertilizer and

In summary, cover crops should be planted in north planting date effects on corn rotated with cotton. Agron. J.
Louisiana no later than October, particularly on the poorly 88:975-982. o _

drained clay soils, for maximum biomass production d%rrey, K.D. 1992. Influence of conservation tillage and winter cover

the clay soil at St. Joseph, Austrian winter peas had the crops on cutworm management strategies in corn. M.S. thesis,
’ ! Louisiana Tech University, Ruston.

Table 1. Influence of two harvest dates on dry weight, nitrogen (N) content and N in harvested plant parts of five cover crops
(planted 18 October 1995) on Sharkey clay at St. Joseph, Louisiana in 1996.

March 4 April 1

Cover Crop Dry wt. N N content Dry wt. N N content

Ib/acre % Ib N/acre Ib/acre % Ib N/acre
Crimson Clover (‘Robin’) 544 3.43 18.8 2331 2.19 50.0
Crimson Clover (‘Dixie’) 537 2.49 14.7 1771 2.52 47.3
Berseem Clover 806 4.17 33.6 2181 3.20 69.5
Austrian Winter Peas 2497 4.68 117.9 3300 2.79 89.4
Wheat 1305 1.78 23.2 1232 1.34 16.4
LSD (0.05) 229 0.74 214 1108 0.69 25.7

Table 2. Influence of two harvest dates on dry weight of six
cover crops (planted 7 October 1996)
on Sharkey clay at St. Joseph, Louisiana in 1997.

Cover Crop March 18 April 10
---dry weight, Ib/acre---
Crimson Clover (‘Robin’) 1434 4393
Crimson Clover (‘Dixie’) 1850 3901
Berseem Clover 2226 4140
Austrian Winter Peas 2227 2202
Wheat 2004 2509
Native Vegetation 641 1534
LSD (0.05) 521 1106

Table 3. Influence of two harvest dates on dry weight, nitrogen (N) concentration, and N in harvested plant parts of five cover
crops (planted 20 October 1995) on Gigger silt loam at Winnsboro, Louisiana, in 1996.

4 March 1 April

Cover Crop Dry wt. N N content Dry wt. N N content

Ib/acre % Ib N/acre Ib/acre % Ib N/acre
Crimson Clover (‘Robin’) 1596 3.71 59.0 2199 3.50 775
Crimson Clover (‘Dixie’) 1489 3.44 51.2 2619 3.67 95.7
Berseem Clover 854 2.98 25.7 1284 3.32 422
Austrian Winter Peas 1816 3.75 66.8 2444 3.59 87.7
Wheat 1382 2.19 30.2 1215 2.29 26.9
LSD (0.05) 307 0.68 10.2 562 0.79 18.7
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Table 4. Influence of two planting dates and harvest dates on
dry weight of six cover crops (planted 1996) on Gigger silt
loam at Winnsboro, Louisiana, in 1997.

Harvest Date
Cover Crop 18 March 10 April Average

Planting Date - October 3

Crimson Clover (‘Robin’) 3004 6608 4806
Crimson Clover (‘Dixie’) 2819 7885 5352
Berseem Clover 1640 3071 2356
Austrian Winter Peas 2771 4382 3577
Wheat 2841 3585 3213
Native Vegetation 734 961 848
Average 2302 4415 3359
Planting Date - November 1

Crimson Clover (‘Robin’) 1861 6474 4168
Crimson Clover (‘Dixie’) 2118 3605 2862
Berseem Clover 861 3231 2046
Austrian Winter Peas 1818 3439 2629
Wheat 1914 2155 2035
Native Vegetation 296 1489 893
Average 1478 3399 2439
Planting Date - Average

Crimson Clover (‘Robin’) 2433 6541 4487
Crimson Clover (‘Dixie’) 2469 5745 4107
Berseem Clover 1251 3151 2201
Austrian Winter Peas 2295 3911 3103
Wheat 2378 2870 2624
Native Vegetation 515 1225 870
LSD (0.05):

Planting Date (PD) 492

Cover Crop (CC) 852

Harvest Date (HD) 492

CC XHD 1206
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PREPLANT HERBICIDES FOR WEED CONTROL IN CONSERVATION-TILLAGE
COTTON (GOSSYPIUM HIRSUTUML.)

Marilyn R. McClelland, M. Cade Smith and Preston C. Carter

INTRODUCTION has been good for controlling small horseweed, but con-

onservation-tillage cotton production is becomin ol of cutleaf eveningprimrose has been erratic (Guy and

more common in Arkansas and throughout the C shcraft, 1995). Tank-mixing a residual herbicide with

ton Belt because of increased production efficien&yPundup or Gramoxone Extra can increase control of many
and for soil conservation under federal compliance guid&e€ds over control W'th either of the herbicides alone
lines. The term “conservation tillage” encompasses sdgaughman et al., 1995; Frans et al., 1994), although an-
eral practices of reduced tillage, including stale seedbf@gonism of these mixtures on some weeds has been re-
minimum or reduced tillage, ridge tillage, strip tillagePOrtéd (Hydrick and Shaw, 1995; Webster and Shaw, 1997).
mulch tillage and no-till. Several of these terms are brief@"z's'duaI herbicides can also extend control into the early
described as methods of residue management in a revi&gson- If weeds are not controlled prior to or soon after
article by Locke and Bryson (1997). In most of thegPtton emergence, they have the potential to interfere with
systems, however, no tillage is performed for several we&k8P Production and decrease cotton yields. The objective
or months before planting (Locke and Bryson, 1999f these experiments was to evaluate several herbicide
Hydrick and Shaw, 1995; Webster and Shaw, 1997). wekgynbinations for preplant weed control in reduced-tillage
control at planting, therefore, is a major concerfPtton:
(McWhorter and Jordan, 1985; Worsham and Lewis, MATERIALS AND METHODS
1985). Cotton is a poor competitor early in the season, _. : .
and it is important that vegetation be controlled during tq% Field experiments were con(_jucted n .1994 th_rough
seedling stage of growth 96 at the Cotton Branch Experiment Station, Marianna,

L Arkansas, on a Calloway silt loam to evaluate activity of
Postemergence herbicides, such as Roundup, that Ban . . . ;
?rndown herbicides on natural winter weed infestations.

be used over-the-top of transgenic cotton cultivars ap . .
; . . ot areas were fallow the year prior to establishment of
control a wide spectrum of winter and early-spring annua

. : each experiment and were not disturbed by tillage before
weeds are becoming an option for producers who chogse

to use this emerging technology. However, heavy infesth oy N9 preplant treatm_ents. Plot slze was 6 by 25 ft, and
gach treatment was replicated four times.

tions of green vegetation can interfere with planting, 1h Herbicides were apolied 18 March 1994. 21 March
which case it is advisable to achieve weed-free conditiom P '

. 95 and 17 March 1996, with a backpack sprayer in 20
prior to cotton emergence to successfully produce a con-

oo gal/acre at 20 to 40 psi. All herbicide rates are expressed
servation-tillage cotton crop.

The burndown herbicides Gramoxone Extra and Round%?a Ib of active ingredient per acre (Ib ai/acre). Non-ionic

. surfactant (Induce) at 0.5% by volume was added to each
are currently the foundation of most burndown programe, . ot

in conservation-tillage cotton. However, these herbicides . .
. Average weed sizes and densities of prevalent weeds at
often do not control all emerged weeds, and neither . . .
. . the time of planting are presented in Table 1. Because of
Roundup nor Gramoxone Extra provides residual weed can:

e different growth habits of winter weeds, size informa-
trol to suppress new weed emergence (Baughman et {ion is very general. Weeds were rated visually by species
1995; Frans et al., 1994; Guy, 1995a; Reynolds et z%'l Y9 o y_ y'sP
1994) of percent control (0 = no control and 100 = death or
: absence of plants) compared to an untreated check plot. A
cEating of “total burndown,” which was percentage control
of total vegetation in the plots, was also evaluated. Mis-
and ltalian ryegrasd ¢lium multiflorumLam.), may per- Cellanequs Species, mcludmg plnefipplewged, shepherds-
. . e urse, sibara, white clover, wild garlic, henbit, annual blue-
sist into the cotton growing season and are difficult B ; :
. : L . ass, horseweed, common chickweed, mouseear chick-
control with a single, burndown herbicide (Fairbanks vv{eed aleseed plantain and various graminaed
al., 1995; Guy, 1995a; Guy and Ashcraft, 1995). Roundup .’ P P . . 9 7
sBemes, present at low infestations or controlled with all
treatments or rated individually only one year, are reported

'Research Associate and former Research Specialists,AgronomyDepartrmtpart of the total burndown. At 6 weeks after treatment
University of Arkansas, Fayetteville, AR 72701.

Some winter weeds, such as horsewe€obnyza
canadensis(L.) Crong.], Pennsylvania smartwee
(Polygonum pensylvanicurh.), cutleaf eveningprimrose
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(WAT), summer annual weeds such as morningglory, pigentrolled with this contact herbicide. Activity of Roundup
weed and goosegrass were emerging, but little biomasss much slower than that of Gramoxone Extra, but be-
had accumulated. Gramoxone Extra was applied at cotttause Roundup is readily translocated, regrowth was less.
planting to control emerging weeds, so these species werén 1996, primrose control tended to be better with
rated only as part of the total burndown rating. Plots weBxamoxone Extra than with Roundup treatments (Table 2).
rated 2 and 4 WAT in 1994 and 2, 4 and 6 WAT in 199he only tank-mix herbicides that added to Roundup activ-
and 1996. Because the 2 WAT rating of cutleatly by 4 WAT in 1996 were Bladex, Karmex and Goal. By
eveningprimrose is representative of total control at th&tWAT, control with Goal had declined dramatically, but
time, only 4 and 6 WAT ratings are presented for totabntrol with 2,4-D and Caparol had increased to 85 and
control. 73%, respectively. Although antagonism has been reported
Four rows of cotton ‘DPL 51’ were planted across albr several herbicides in tank mixture with Roundup
plots 20 May 1994, 17 May 1995 and 9 May 1996 tWebster and Shaw, 1997), that is probably not the expla-
evaluate cotton tolerance to the preplant burndown herbation for low control in 1996 since control with Roundup
cide treatments. Gramoxone Extra was applied over thlene was extremely low. Climatological conditions, in-
entire area at planting to control emerged summer anndkiding frost after treatment in 1996, probably resulted in
weeds and vegetation not controlled by the burndown treattivity differences among years.
ments. Cotton was rated visually for percent injury ap- Roundup or Gramoxone Extra plus 2,4-D gave at least
proximately three weeks after planting. Data were ar@6% control of cutleaf eveningprimrose at 6 WAT (2,4-D
lyzed by analysis of variance, and means were separates not mixed with Gramoxone Extra in 1994). Activity
by protected LSD at the 0.05 level of significance. of 2,4-D plus Roundup appeared to be slower in 1996
RESULTS AND DISCUSSION than in 1994 and 1995. Control _of .p.rimrose with 2,4-D
plus Gramoxone Extra was not significantly enhanced by
Because cutleaf eveningprimrose was the predomingié addition of Bladex, Karmex or Caparol, although there
species each year, discussion will center around its CQfs a numerical trend for higher control with the three-
trol and total burndown. Tank mixtures containing Roundygay mixture in 1996. Guy (1995b) also reported that 2,4-
and Gramoxone Extra generally controlled winter weedl ejther alone or mixed with Roundup, controlled cutleaf
species such as chickweed species, shepherdspurse, hepbHingprimrose. There is, however, a question of safety
and annual bluegrass (data not shown). Control of thegethe cotton crop with 2,4-D. 2,4-D can injure cotton
species was usually less with Roundup or Gramoxone Eignificantly if applied 2 weeks or less before cotton plant-
tra alone than with a tank mixture containing a residualg, but cotton was tolerant to applications made 4 weeks
herbicide. or more before planting (Guy 1995b).
Cutleaf Eveningprimrose Control Fairbanks et al. (1995) reported that 0.012 or 0.024 Ib/

A heavy, uniform population of cutleaf eveningprimros&¢re Of the package mixture of Harmony Extra with
was present at Marianna all years (Table 1). Activity &ramoxone Extra increased control of cutleaf evening-
Gramoxone Extra on cutleaf eveningprimrose was fasRfmrose over that of Gramoxone Extra alone, but control
than activity of Roundup (Table 2). At the 2 WAT rating™ith Roundup was not enhanced. In our study, however,
control with Roundup was 10% to 38% compared wiffPntrol with Gramoxone Extra was not enhanced by the

61% to 100% control with Gramoxone Extra. Howeveﬁddition of Harmony_Extra except for a slight increase in
control with Roundup had increased by 4 WAT. control at 4 WAT in 1996 (Table 2). Control from

In 1994 at 4 WAT, all tank mixtures with RoundUFBoundup, however, was increased from 78% when applied

controlled primrose better than Roundup alone. Of tfdPne to 99% with the addition of Harmony Extra in 1994
Gramoxone Extra mixtures, those that equalled control td from 25 to 60% in 1996. In 1995, the addition of
Roundup mixtures were Staple, Bladex, Karmex, Capamrmony Extra_dld not significantly increase primrose con-
and Lorox. These Gramoxone Extra treatments also gd(@ Over that with Roundup alone. , _
fair to good primrose control (75 to 88%) at 4 WAT in Goa_l, Reflex, Cobra and Blazer (d|phenylethe_r her_bl—
1995. By 6 WAT in 1995, treatments that controlled prinfid€s) increased Roundup control of cutleaf eveningprim-
rose better than Roundup alone (75%) were Banvel, 2/S€ t0 at least 95% in 1994 and 82% in 1995 at 4 WAT
D, Staple, Karmex plus Roundup, 2,4-D plus Gramoxot@able 2). In 1995, however, primrose control with the
Extra and the three-way mixtures (2,4-D plus Gramoxof@undup plus diphenylether treatments was generally poor
Extra plus Bladex, Karmex or Caparol). The large decre 6 WA_T. In general, these herbicides did not increase
in cutleaf eveningprimrose control at 6 WAT witifontrol with Gramoxone Extra.

Gramoxone Extra alone and in some mixtures was the

result of regrowth from plants that were not completely
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Total Burndown is probably due to control by the residual herbicides of

As with cutleaf eveningprimrose control, total burndowBUmmer annuals, especially grass species, that were emerg-
ratings were generally better with Gramoxone Extra thd9 by 6 WAT. However, Gramoxone Extra was always
with Roundup at 2 WAT (data not shown), primarily beapplied at cotton planting because all plots had at least a
cause of rapid activity of Gramoxone Extra. In 1994, tanfew emerging weeds.

mix herbicides that enhanced total control over that witfotton Tolerance

Roundup alone were Banvel, Harmony Extra, Bladex, coiton was not significantly injured by any of the

Karmex, Caparol, Reflex, Cobra and Blazer. Total contrg|,ingown treatments at the 5% level of significance (data
with Roundup mixtures tended to be lower than control gf shown). Injury was generally higher in 1996 (4 to
cutlegf eveningprimrose, perhaps because wild garlic Cofioe) than in 1994 and 1995 (0 to 5%), probably because
trol with most Roundup treatments was low at 4 WAT (1% gifficulty planting into a rougher seedbed in 1996. Guy
to 65%). Total control with Gramoxone Extra treatmentsig%a) reported cotton injury only from 2,4-D, Banvel
in 1994 ranged from 61 to 892/0' Gramoxone Extra plu§q Harmony Extra if application was made within two
Bladex gave higher control (89%) than Gramoxone Extg.es of planting. The residual herbicides such as Bladex,
plus Karmex, Caparol and the diphenylethers. Karmex, Lorox and Caparol could be used safely even
_Although total control with Roundup was enhancegnen applied within one week of planting. Generally, her-
slightly by diphenylether herbicides in 1994, there was @rjqes can be used safely if applied at least four weeks

enhancement in 1995. Gramoxone Extra activity was NQltore planting and if rainfall occurred after application,
increased with addition of those herbicides either yegf,: pefore planting (Guy, 1995a).

However, other studies have shown improved control of |, summary, there were a number of options for pre-

some species with the addition of Goal to Roundup gfant weed control in no-till cotton. Bladex and Karmex

Gramoxone Extra (Baughman et al., 1995; McClelland &, Gramoxone Extra or Roundup gave the most consis-
al., 1995). In 1995, herbicides that added to Roundup CBt control for all three years of experiments. Banvel,
trol at 4 WAT were 2,4-D, Karmex and Cobra. Gramoxong b Harmony Extra, Staple and Caparol were also gen-
Extra mixtures that performed well in 1995 werg a1y go0d tank-mix partners with Gramoxone Extra and
Gramoxone Extra with Banvel, 2,4-D, Bladex, Karmex angonqup for control of winter weeds, including cutleaf

Caparol. Horseweed was present in the 1995 experimejeningprimrose. Three-way mixtures of Gramoxone Ex-
Although most Roundup mixtures controlled horseweegy plus 2,4-D plus Bladex, Karmex or Caparol gave ex-
only Bladex and Banvel aided in horseweed control wilyjient proad-spectrum control. Even with a residual her-
Gramoxone Extra (data not shown). Gramoxone Extra piygide all plots were sprayed with Gramoxone Extra at
Bladex, however, does not always control horseweed, gfjding to control regrowth of winter weeds and emerg-

Roundup is a better burndown choice than Gramoxopg weeds that would otherwise interfere with emerging
Extra for horseweed (Guy, 1995b). Horseweed was ton.

present in 1994 or 1996.
Gramoxone Extra mixtures generally gave better total ACKNOWLEDGMENTS

weed control than Roundup mixtures in 1996. The pres-This Study was Supported by Cotton |ncorporated, the
ence of wild garlic, which was controlled better Wiﬂ'Fiber Company of American Cotton Producers, in coop-
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Table 1. Size and density of prevalent weeds in March at Marianna, Arkansas.

Year
1994 1995 1996
Weed species Size Density Size Density Size Density
cm no/m? cm no/m2 cm no/m?
Cutleaf eveningprimrose 15 10-22 10 24 20 8
Henbit 10 <10 15 16 15 50
Mouseear chickweed 5 <10 4 12 3 20
Annual bluegrass 7 15 4 48 3 70
Common chickweed - - 4 24 4 60
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Table 2. Burndown control of weeds with herbicide mixtures at Marianna, Arkansas, 1994-1996 1
Cutleaf eveningprimrose Total burndown?
1994 1995 1996 1994 1995 1996
Herbicide Rate 2WAT® 4WAT 2WAT 4WAT 6WAT 2WAT 4WAT 6WAT 2WAT 4WAT 6WAT 4WAT 6 WAT
Ib ai/acre %

G = tank mixed with Roundup, 0.75 Ib ai/a + Induce, 0.5%:

Roundup alone 075 38 78 10 72 75 29 54 25 65 86 79 63 58
Banvel + G 025 79 97 23 78 99 - - - 82 83 81 - -
2,4-D amine + G 0.5 65 100 45 90 9% 28 48 85 66 A 88 53 54
Harmony Extra + G 0.016 65 99 16 76 82 31 51 60 86 83 84 60 80
Staple + G 0.062 62 96 28 81 91 - - - 80 88 81 - -
Bladex + G 1.0 84 100 36 80 75 43 78 81 90 86 81 82 87
Karmex + G 1.0 98 100 42 92 88 30 79 95 84 94 92 78 79
Caparol + G 1.0 92 99 48 81 76 21 45 73 84 87 79 49 53
Lorox + G 1.0 100 100 50 83 80 - - - 80 89 85 - -
Goal + G 025 74 98 48 82 67 66 79 38 74 88 71 82 64
Reflex + G 025 95 99 55 84 69 - - - 86 88 72 - -
Cobra + G 010 92 100 59 86 72 - - - 84 93 76 - -
Blazer + G 025 92 95 48 84 64 - - - 86 88 70 - -

P = tank mixed with Gramoxone Extra, 0.63 Ib ai/a + Induce, 0.5%:
Gramoxone Extra alone 0.63 100 69 61 61 45 86 60 49 74 71 46 71 60

Banvel + P 0.25 -4 - 79 89 78 88 79 79 - 93 82 89 86
2,4-D amine + P 0.5 - - 85 99 929 87 86 88 - 95 80 82 70
Harmony Extra + P 0.016 89 79 64 65 40 89 76 52 80 74 45 82 81
Staple + P 0.062 89 95 70 80 68 - - - 82 86 62 - -
Bladex + P 1.0 91 98 76 85 75 20 91 88 89 20 81 95 92
Karmex + P 1.0 96 88 66 84 74 92 89 92 71 89 81 91 85
Caparol + P 1.0 100 100 80 88 7 85 20 94 69 94 80 91 86
P = tank mixed with Gramoxone Extra, 0.63 Ib ai/a + Induce, 0.5%:
Lorox + P 1.0 98 96 62 75 54 - - - 78 81 61 - -
Goal +P 0.25 65 46 65 62 39 94 76 68 62 72 44 86 74
Reflex + P 0.25 71 55 59 65 42 - - - 61 72 50 - -
Cobra + P 0.10 16 36 79 71 45 - - - 64 78 49 - -
Blazer + P 0.25 e 16 72 66 44 - - - 63 74 74 - -
24-D+ 0.5

Bladex + P 1.0 - - 93 100 100 95 99 100 - 100 96 97 100
24-D+ 0.5

Karmex + P 1.0 - - 92 99 99 93 99 99 - 99 97 93 91
24-D+ 0.5

Caparol + P 1.0 - - 99 100 100 94 98 98 - 100 93 93 92
LSD (0.05) 14 16 10 8 8 16 13 18 15 6 9 10 12

Treatments were applied 18 March 1994; 21 March 1995; and 17 March 1996.

2Species in 1994 were cutleaf eveningprimrose, henbit, white clover, pineappleweed, shepherdspurse, and paleseed plantain; species in 1995
were cutleaf eveningprimrose, annual bluegrass, mouseear and common chickweed, horseweed, and henbit; species in 1996 were cutleaf
eveningprimrose, shepherdspurse, henbit, mouseear and common chickweed, wild garlic, and pineappleweed.

SWAT: weeks after treatment.
“Dash ‘--’ in means columns indicates the treatment was not applied or data were not available in that year.
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IDENTIFICATION OF CRITICAL SOURCE AREAS FOR CONTROL OF SEDIMENT AND
PHOSPHORUS TRANSPORT WITHIN A LARGE WATERSHED

J.M. McKimmey and H.D. Scétt

ABSTRACT public concerns are focused on maintenance and improve-

nt of surface water quality by reducing nutrient load-

gricultural practices such as animal waste appliéd® X ¢
to pastures have been implicated as a major ndR9: fecal coliform counts and other pollutants. There is a

point source of phosphorus. This study used tfiged to examine the impact of animal waste disposal on

Universal Soil Loss Equation (USLE) and the Phosphori&:P concentrations in streams and lakes and to identify
Index (PI) in a geographical information system to 1) cdreas that are vulnerable to sediment and nutrient trans-

timate potential sediment and phosphorus (P) source RP!t

eas in the War Eagle Watershed in northwestern Arkansas N€ objectives of this study were to 1) identify critical

and 2) determine the land cover and management parSRHTCe areas for sediment and phosphorus transport in a

eters most influential in estimation of offsite transport ¢fr9¢ watershed by using two models and 2) demonstrate
P. The USLE estimated that 2.2% of the watershed HA§ effectiveness of geographical information systems

potential erosion rates greater than 34 Mg/ha. The PI moffalS) in estimation and evaluation of potential erosion

estimated that 2.1% of the watershed was very highly v@pnd P transport source .Iocations within a large watershed.
nerable at the highest P fertilizer application rate. In all 1ne two models designed to accomplish these tasks on

simulations, erosion from areas of poor ground cover afidi€!d basis were the Universal Soil Loss Equation (USLE)
all fertilizer application rates were the most influentigtnd the Phosphorus Index Model (P1). The USLE was de-

variables in identifying vulnerable areas. These variabl¢gloPed for use by the National Resources Conservation

can be modified by best management practices to red@sVice (NRCS) and other governmental agencies to pre-
erosion and P transport. dict annual sediment yield from rill/inter-rill erosion. The

governing equation is given as
INTRODUCTION

. . . A=R*K*L*S*C*P [1]

q In_ man?/ rzglons g the UHS" crquprodyctllon 'S hEhere A is the soil loss (kg/halyear), R is the rainfall
ominant land use. Reports have cited agricuiture as fex, K is the soil erodibility factor, LS is the slope and
largest contributor of non-point source pollution in thgOpe length factor, C is the cropping factor, and P is the

United States (Moreau, 1994). However, agricultur ’ '

nservation factor (Wischmeier and Smith, 1978).
areas can also encompass other forms of land use and la he PI model was developed for the NRCS as a field

cover such as roads, stream banks ar_1d septic filter f'_elzgésessment tool to estimate the vulnerability of a site to
Thg impact of these and other non-agricultural uses wit ﬂosphorus (P) transport via surface runoff (Lemunyon
agricultural classifications are often associated with t ed Gilbert 1994). This model was designed to account

effects of agricultural production. , ... for P transport in both sediment and dissolved forms of P
In northwestern Arkansas, the public perception is thz%(ij is expressed as

the quality of ground and surface waters has deteriorate
over the past 30 years. During this time the population of Pl=2kW [2]
the area has more than doubled, and industry has divesdiere K is the site characteristic factorsassociated
fied from mostly small farms to a mixture of light induswith P transport and Ws the weight associated with fac-
try, processing plants and poultry and swine operatiohat i. Factors important in the Pl model included 1) SE, a
With these changes in demography, potential problemlassified version of soil erosion that originates from the
associated with water quality have also increased. Anint#bLE, 2) SR, the surface runoff class derived from soil
wastes, primarily poultry litter, are commonly broadcagtermeability and slope, 3) STP, the soil test P, 4) IPR, the
to area pastures as an inexpensive organic fertilizewrganic PO, application rate, 5) IPM, the inorganigd?
thereby causing concern for the degradation of surfameplication method, 6) OPR, the organi©Papplication
water quality from subsequent runoff of nutrients. Currerate and 7) OPM, the organic@® application method.
The W is the weight reflecting each factor’s influence on
- P transport vulnerability (Table 1). Factors SE, SR, STP,
!Research Specialist, Department of Agronomy, University of Arkansqu' IPM, OPR and OPM are site characteristics that in-

Fayetteville; and University Professor, Department of Agronomy. Universi .
of Arkansas, Fayetteville fuence P transport and are assigned a phosphorus loss
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rating value (PLR) according to a site’s condition in thie a digital spatial database. The WEW database was devel-
field. Each PLR is multiplied by the associated weightped from various source materials and methods detailed
and the products are summed over all site characteristiys,McKimmey (1994). Sources used to compile the spa-
yielding a PI. Indices are classified according to qualittal database included NRCS Order Il soil surveys, Digital
tive descriptions of P vulnerability to transport. The fouElevation Models (DEM) generated by the U.S. Geologi-
descriptions are low, medium, high and very high and caral Survey and land use/land cover (LULC) generated by
respond to PI indices of < 8, 8 to 14, 15 to 32 and > 3Be Tennessee Valley Authority from black and white as
respectively (Table 1). well as color infrared aerial photography. All source data
Both models were intended to be used with data celere generated at a scale of 1:24,000. Raster data gener-
lected in the field. From these models, best managemated from these sources were created with a 30-m resolu-
practices can be recommended for a particular field. N&bn. The GIS software used in the study was Geographic
ther of these models, however, attempts to quantify traf@esource Analysis Support System (GRASS) (CERL,
port processes, nor do they suggest movement fronl@02).
site. Rather, they report a relative potential for movement. Elevations for the WEW range from 341 to 763 m
The fact that both the USLE and the PI are field-basatlove sea level. Topography is mostly steep hill slopes
models suggests that assessment of sediment and P traith-narrow valleys and ridges. A majority of these slopes
port potential using these models on a watershed basisaisge from 3 to 12 degrees. Geology and soils of the
inappropriate. However, the use of raster-based GIS WEW reflect the physiographic regions with a greater
lows such a task to be achieved by applying a grid ovept@portion of sandstone, shale bedrock and clayey soils
study area where actual ground area, as representedobyd in the Boston Mountains. This region also had the
each cell (pixel), is determined by the user. Simple mathighest proportion of slow to moderately permeable soils.
ematical operations such as the USLE and the Pl are Bominant soil taxonomic units are the Nella-Steprock-
ecuted by inputting different data themes (attributes) Buntainburg complex and the Enders-Leesburg complex.
equation parameters. Calculations and equation results@ogninant soils in the Springfield Plateau are Nixa,
made on a pixel-by-pixel basis until all of the pixels in th€larksville and Noark series. Nearly 57% of the water-
grid have been examined and combined to produce a catmed is in forest with pastures composing slightly over
posite map of the study area. Thus, model calculations 88% and scrub brush and rangeland nearly 2%. The spatial
possible on a watershed basis using a raster-based @s&ibution of urban areas in the WEW was insignificant.
b.ecause. model calculations_are performed on each .i'mi()del Implementations
vidual pixel. Although the pixel can be set to any size

pixel size (resolution) is a function of several factor%.ons of primary attributes (McKimmey 1994). Briefly

One of these factors is the scale of the original data u%ﬁg rainfall index was 616 Mg/halyear and was obtained
to compile the database. If the source data scale is largée

. o : m an isoerodent map (Wischmeier and Smith, 1978).
enough, i.e., a large map of a small area, it is possible_0.

have a resolution equal to or often smaller than the actu:gl)lII erodibility was created by classifying soil mapping
. L units to K factor values based upon county soil survey
fields within a study area.

data (USDA-SCS, 1984; USDA-SCS, 1986). Cover fac-
METHODS tors were produced by classifying LULC according to the
Study Location and Characteristics USLE publication guidelines (USDA-SCS, 1983). Cover

The War Eagle Watershed (WEW) is the largest sulgctors of each L.UL.C category we_re.chosen based upon
basin in the Beaver Lake Watershed in northwestern A€neral characteristics observed within the watershed. In-
kansas and consists of about 86,440 ha in Madison ditjed aerial photography was used to determine vigor of
Carroll Counties (Fig. 1). The War Eagle Watershed yegetative groyvth for each pasture in Fhe watershed. From
located between two physiographic regions, the Bostl}ese data unique C factors were assigned tq eac_h pasture
Mountains and the Springfield Plateau, which are sef&i€dory. Prevention factors were not used in this study
rated by the Boston Mountain Escarpment. Predomin&lfe o the minimal coverage of row crops in the water-
agricultural practices in the watershed are poultry and caftied- , ) . ) i
production, often run in conjunction on the same farm, "€ LS parameter in equation [1] is defined as the ratio
Poultry litter is applied to area pastures as a fertilizer ¥ e estimated soil loss for a particular slope and slope
varying application rates ranging between 734 and 1,4689th to the soil loss from a standard slope of 9% and a
kg/halyear, with application frequencies between one dfig9th of 22.1 m. Slope length is the distance from where
two times per year. runoff begins to where deposition begins ata decrease in

This study included the application of the USLE ansiope or where runoff enters a well-defined channel

the PI models using GIS techniques and primary attribuf@¥ischmeier and Smith, 1978). We found that it was easier
to use the original equation given as

" Most parameters of the USLE were simple classifica-
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ganic PO, fertilizer (IPR), the PLR was set to 1 (low), 2
(medium), 4 (high) or 8 (very high). Table 1 shows the
where LS is slope and slope length factoris a slope corresponding inorganic,®, fertilizer application rates.
length mapm is a slope correction coefficient map, and Values of OPR and OPM in equation [3] were set to zero.
is a slope map in degrees from horizontal. Slope mdpsr simulations of the addition of organig® (OPR),
were calculated from the DEMs within GRASS. VariableLR were the same as the inorganic form, but applica-
m was constructed by classifying a percent slope map #ons rates were based on rates of poultry litter having an
cording to criteria given by Wischmeier and Smith (1978average of 20.2 kg/Mg B.. In these simulations OPR
A map representing was generated on a cell basis bwas set at either 1.0 (1.12 Mg/ha of poultry litter), 2
evaluating all eight surrounding cells for changes in slog@,24 Mg/ha), 4 (4.5 Mg/ha) or 8 (9.0 Mg/ha), and values
slope aspect, elevation and blocking factors such as roafi$PR and IPM in equation [3] were set to zero. There-
and streams (McKimmey, 1994). Values on the fikal fore, organic EO, sources were considered to contribute
map represented a cell’s position in a slope. The final InSore to P transport vulnerability than inorganic sources,
factor map was generated by inserting values from magsreflected by the differences between IPR and OPR site
A, mand T into equation [3] for each cell in the watershedharacteristic weights and category ranges allocated to

These procedures created raster maps for factorsféttilizer application rates for the P loss ratings (Table 1).
LS and_ C for the vv_hol_e Watershed. Annual soil loss was RESULTS AND DISCUSSION
determined by multiplying the single value for R and all = |
three maps together for each 30-m cell in the watersheosion in the Watershed

The parameters for the PI model were obtained from Estimated annual total rill/inter-rill erosion for the
maps and experimental data. Soil erosion (SE) was a cM&W was 430,558 Mglyear, which equates to an average
sification of the USLE map based upon the P loss ratiff§4.98 Mg/halyear (Fig. 1; Table 3). This estimated po-
(PLR) in Table 1. Surface runoff class (SR) was a comf§@ntial erosion does not include soil loss from paved or
nation of the slope and soil permeability. Areas with slighfipaved roads and ditch banks. Nearly 58% of the water-
slopes and rapid soil permeability were classed as haviigd had estimated erosion rates of less than 2.3 Mg/ha/
negligible influence on P transport, and steep slopes at@dr, and over 85% of the watershed had estimated ero-
low soil permeability were most influential in P transporgion rates less than 4.5 Mg/ha/year. These results indicate
This map was created by combining a soil permeabilijat there is not a severe erosion problem within the WEW
map, classified from the soil mapping unit map, with tH&atershed as a whole. However, 2.2% of the watershed
percent slope map according to the previous logic. SBad severe annual erosion rates greater than 33.6 Mg/ha/
test P (STP) data were derived from field data collect¥&ar.
by county extension and NRCS offices. Since exact loca-Distributions of the input parameters across erosion
tions of the soil samplings were not available, median SFRsses were investigated to determine the most influen-
values were taken as representative of the soil mappti® parameters for both low and high erosion classes. For
unit from which they were taken. These STP values wegach class of attributes, the distribution was divided by the
classified into PLR values of low, medium, high or exce#otal distribution for the WEW. The bold values in Table 4
sive (Table 1). The STP map was created by classifyitiglicate percent coverages that were more than 1.5 times
soil maps according to these PLR values. Areal distribifie total WEW coverage. These values were considered to
tion of each parameter is given in Table 2. be more influential in erosion despite the fact that they

The PI model was run within GRASS using the conindy not have had the largest distribution within erosion
piled spatial database. The Pl model calculations were ¢asses. The zero class for the K factors was water bodies
stricted to pastures, scrub brush and poultry operatiof8d reflected by the water class in the LULC. Spatial dis-
which are potential locations that could receive poulttjibution of K factors both within and between erosion
litter. The PI model was initially calculated to evaluate tHdasses was not significantly different from distributions
current status of areas vulnerable to P transport with@¥ithin the total WEW. This similarity was most likely due
the addition of any fertilizer or poultry litter. Next, the Pto the relatively limited range of K in the database, 0.15
model was run to simulate the effects of the addition #f 0.43, when compared with other factor ranges (Table
two types of EO, fertilizer applied at four rates of appli-4)- A varying relationship was noted between slope length
cation. All simulated FO, fertilizer applications, applied and erosion classes. Greatest slope length influence oc-
broadcast more than three months before the growing se@red in the 6.2-9.0 Mg/ha erosion class with slope
son, corresponded to a PLR of 8.0 in the very high céngths >120 m. Slope length influence decreased in higher

egory (Table 1). For simulations of the addition of ino€rosion classes. Slope also influenced erosion. The low-
est erosion class was influenced by the two lower slope

classes while higher slope classes dominated middle ero-

(A Y « -
LS = (22.1 ) (19.94 + sind + 1.39 sin6 + 0.02) [3]
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sion classes. Slope influence also decreased with highefhe distributions of P transport vulnerability for inor-
erosion classes. These factors did not significantly affenic and organic P, fertilizers applied to pastures are
the higher erosion classes. Higher erosion classes wemesented in Tables 6 and 7, respectively. With a simu-
mainly affected by LULC. The highest erosion class (ated broadcast application of less than 34 kg of inorganic
33.6 Mg/ha) was dominated by lesser quality pasturéyO./ha to the pastures, there was a shift in the percentage
transitional areas, cropping areas, scrub brush and pouttiythe WEW in a PI classification (for example, a 57.4%
operations. In the highest erosion class, these areas fealliction in spatial coverage in the low Pl category, a
distributions 20 to 50 times greater than total watersh88.4% increase in the spatial coverage in the medium PI
distributions. category and a 4% increase in the high category (Fig. 3;
These highly erodible areas in the WEW mostly corr@able 5)). As inorganic J®, application rate increased,
spond to soil taxonomic units of Clarksville, Cleora, Mokdhe extent of the pastures in the higher PI category in-
Noark, Peridge, Razort, Secesh and Summit. Of these saitsased dramatically with a particularly large reduction in
Clarksville, Cleora, Noark and Peridge soils cover 20%e low category. A similar response was found with the
of the watershed, although not all of these soils occurrgichulations of organic fertilizer B, broadcast to the pas-
in the highest erosion class. Soils that occur in low erowes; i.e., as the application rate of organf,fncreased,
sion areas include Arkana, Captina, Johnsburg, Sog¢im extent of the more vulnerable areas to P transport
Linker, Pickwick and Savannah and comprise over 3% ioicreased (Fig. 4; Table 6). This increase was expected
the total watershed. The physical properties and topograpthi® to the log 2 increase between PLR values.
location of these soils are not homogeneous within ero-The highest simulated,®, application rates were in-
sion classes, nor are they unique between erosion claswg®led to overload the pastures witjoPfertilizer. As a
The lack of uniformity of the soil properties within theseesult, the extent in the high Pl category of the organic
erosion classes suggests that estimated erosion is duB,@@ was almost twice that of the inorganigOp fertil-
some other parameter, most likely C factors. The spatiaér. This response was mainly due to the difference in
distributions of the remaining 75% of the soils in theeights given in the Pl model to inorganic (0.75) and
erosion classes were not significantly different from thatrganic (1.00) fertilizers. Not only were the assigned
of the total watershed. model weights different between the two fertilizer types,
With the exception of C factors (LULC), all other facbut the inorganic fertilizer covered a wider range of appli-
tors represent natural features of the watershed, whadtion rates than the organic fertilizer, suggesting that ad-
cannot be modified to any extent to reduce erosion potaitions of organic fertilizer were considered to be more
tial. However, factor C is a changeable parameter. Througfuential on P transport. There was an increase in spatial
best management practices, erosion can be controlleddistribution of the very highly vulnerable category as the
encouraging good vegetative growth in poor pasture ar€y®, fertilizer application rates increased; however, the
and erosion control methods in bare ground transitiorddange may not be significant when related to the total
areas. WEW area. This lack of significant increase was due to a
Phosphorus Index Model threshold limit within Pl classification where the value

The first PI model simulation on the WEW was madg  J¢ assigned to the highly vulnerability category had a

to assess the overall vulnerability of the watershed torTll-"'Ch Iarg_er range, ;6' than ranges of th? low and medium
vulnerability categories, 8 and 6, respectively (Table 1).

transport v_vlthout any applled. fertilizer. Ir_1put Parameters In the areas with high Pl indices, invariably the erosion
were erosion, runoff and soil test P (Fig. 2; Table 5
lass was greater than 34 Mg/halyear, the runoff class was

0 . .

Nearly 7.2.@ of pasture in the WI.EW was in the low very high, and the STP was above 336 kg/ha. A3, P

vulnerability category, 25.5% was in the medium category ’. = : .
at’f)pllcatlon rate increased, lower PLR values of erosion,

0 ; . - ;
and only 2.5% was in the high vulnerability category (F'.?.L]noff and STP classes were included in the most vulner-

2; Table 5). These results may reflect the lack of signifi - . - o
cant influence of STP when no fertilizea was applied able areas. Under conditions of h|gh fgruhzer application

) 5 e " rates to pastures, numerous combinations of these factors
Although there were input parameters classified as ver result in a hiah Pl index for anv given area
high PLR, there were no very highly vulnerable areas to y 9 Y9 '

transport according to model simulations. This was possi- CONCLUSIONS
bly due to the relatively low erosion estimates from the Thare were areas in the WEW with high erosion rates

USLE, which were subsequently reflected in large spatigly areas highly vulnerable to P transport; however, the
distribution of low erosion PLR values. Virtually all areagpaiial distribution of these areas was minimal when re-

that had erosion PLR values in the high or very high c@&eq to the total watershed area. Calculations indicated

egories were also estimated to be highly vulnerable tf3; the WEW was not experiencing severe soil erosion.
transport without any fertilizer additions (Fig. 1 and 2). The areas of estimated high sediment losses were only a
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small percentage of the total watershed area and generallfResults from both the USLE and the Pl emphasize that
had land cover classification of poor pastures, bare groudransport vulnerability can be reduced by controlling
or scrub brush and rangeland. The USLE input parametpogential sediment transport and P fertilizer application.
K and LS are physical features of the landscape and c&he parameters that are readily changeable with these mod-
not be modified to any extent to limit erosion. Howevegls are land cover and fertilization management. These
elements controlling C factors were dominated more Iyo parameters are closely related in that a change in one
land features that can be modified, such as pasture qualitifl result in a change in the other. An increase in vegeta-
Modifications to land use and land cover via best manadi&re growth of a pasture via fertilization will reduce sedi-
ment practices could significantly reduce erosion. The usent transport and P transported via the sediment. Moni-
of the USLE in a GIS environment can aid in establistering soil test phosphorus would determine what type and
ment of best management practices by locating potdrow much fertilizer could be use to control the transport
tially highly erosive areas, determining the factors respawi- dissolved phosphorus. The combination of the USLE,
sible for the high erosion and estimating the effects Bf Model and GIS provides a powerful tool for such a task
various best management practices. by locating, establishing and implementing best manage-
Results of the Pl model simulations showed areas maént practices for individual areas within a watershed and
the WEW that were either highly or very highly vulnerablapplying the potential effects of best management prac-
to P transport. The spatial distribution of these areas diees to the whole watershed.
pended.upon the P fgrtlllzer type gnd application rate. Eye_n LITERATURE CITED
at the highest P fertilizer application rates, there was mini-
mal spatial coverage considered to be very highly vuln&ERL. 1992. Geographic Resources Analysis Support System,
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Table 1. Site characteristics, weights and phosphorus (P) loss ratings used in the Phosphorus Index model.

Phosphorus loss rating (value)

Site Characteristic None Low Medium High Very High
(weight) © @ &) @ ()
Soil erosion Mg/ha (1.5) N/A <11.2 11.2-225 22.5-33.7 >33.7
Runoff class (0.5) Negligible Very Low or low Medium High Very high
Soil P test (1.0) N/A Low Medium High Excessive
Fertilizer Application Rate kg/ha
Inorganic P,0O, (0.75) None Applied 1-34 35-100 100-168 > 168
Organic P,O, (1.0) None applied 1-34 35-67 68 - 100 > 100
Application method (1.0) N/A N/A N/A N/A Surface applied
Phosphorus Index Classification
Phosphorus indices <8 8-14 15-32 > 32
Quialitative Rating Low Medium High Very High

Table 2. Spatial distribution of Phosphorus Index model

input map type parameters.

Category

Erosion class
Low

Medium

High

Very High

Runoff Class
Negligible

Low or Very Low
Medium

High

Very High

Soil Test P Class
Low

Medium

High

Excessive

ha

29,702
2,492
337
770

3,116
8,205
9,588
8,441
3,951

1,614
3,968
22,654
5,065

%

89.1
7.5
1.0
24

9.3
24.6
28.8
25.4
11.9

4.9
11.9
68.0
15.2

Table 3. Potential erosion in the War Eagle Watershed
generated by the USLE from a GIS spatial database.

Potential Erosion

Area
-Alea:

Mg/ha ha

<224 50,005
2.24 - 4.48 16,338
4.48-6.72 8,261
6.72 - 8.96 3,977
8.96-11.2 3,095
11.2-33.6 2,818
> 33.6 1,946
Total 86,440

%
57.9
18.9

9.6

4.6

3.6
3.2
2.2
100.0
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Table 4. Summation of the USLE input parameters by estimated erosion classes.
Bold values are one and one half times more than the total watershed distributions.

Potential Erosion (Mg/ha) WEW
Attribute <22 22-45 45-6.2 6.2-9.0 9.0-11.2 11.2-33.6 > 33.6 Total
k factor (%)
0 12 0.0 0.0 0.0 0.0 0.0 0.0 0.7
0.15 6.1 7.8 8.0 9.0 7.0 4.7 2.7 6.7
0.17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 20.8 28.9 313 28.0 26.3 19.6 14.9 23.7
0.24 15.4 215 19.1 18.2 14.9 154 18.2 17.1
0.28 215 21.3 236 244 355 36.2 30.3 230
0.32 239 16.9 154 16.8 133 18.0 232 20.8
0.37 6.3 21 17 23 18 3.7 6.3 4.6
0.43 4.9 15 10 14 12 24 4.4 35
Slope Length (m)
30 73.6 449 27.0 20.4 214 259 38.5 57.1
60 19.6 328 28.8 233 224 24.7 284 23.6
90 5.1 14.8 228 240 211 204 17.2 10.9
120 12 5.1 12.4 15.6 14.8 12.8 8.8 4.7
>120 0.5 24 8.8 16.6 20.2 16.2 7.1 3.7
Slope (%)
0-3 11.9 0.4 0.6 11 0.7 14 0.6 6.0
4-8 329 45 2.0 25 3.9 9.2 124 20.9
9-13 311 15.4 10.2 8.3 4.9 10.3 224 245
14-20 226 49.3 36.0 224 222 227 335 29.2
> 20 15 304 51.2 65.6 68.4 56.5 311 19.5
LULC
Pasture
Good 38.3 9.3 3.7 17 0.7 0.3 0.1 244
Fair 7.5 14.8 20.4 24.7 30.9 35.4 9.4 12.7
Woodland 0.0 0.1 0.2 0.2 0.7 2.8 120 0.4
Over Grazed 0.0 0.1 0.1 0.4 0.9 25 85 0.4
Poor 0.0 0.0 0.0 0.4 0.1 0.5 185 0.5
Crop 0.1 0.1 0.4 0.7 12 4.9 138 0.6
Poultry 0.0 0.0 0.1 0.1 0.5 15 6.0 0.2
Scrub Brush 0.3 0.8 12 29 4.2 15.6 252 18
Transitional 0.0 0.0 0.0 0.0 0.0 0.0 19 0.0
Forest 52.1 74.3 733 68.5 60.6 36.2 45 57.8
Urban 0.5 0.6 0.4 0.4 0.3 0.2 0.0 0.5
Water 12 0.0 0.0 0.0 0.0 0.0 0.0 0.7
Table. 5. Distribution of phosphorus (P) transport vulernability Table. 6. Distribution of phosphorus (P) transport vulnerability
calculated by P application rate for inorganic P fertilizer calculated by P application rate for organic P fertilizer
applied to pastures only. Areas do not include applied to pastures only. Areas do not include
water bodies (30 ha). water bodies (30 ha).
P,0O, P P,O, P
Application Transport Area Application Transport Area
Rate Vulnerability ha % Rate Vulnerability ha %
Kg/ha Kg/ha
0 Low 23,973 719 0 Low 23,973 71.9
Medium 8,507 25.6 Medium 8,507 256
High 821 25 High 821 25
1-34 Low 4,807 14.5 1-34 Medium 9,269 18.9
Medium 26,329 79.0 High 27,005 81.0
High 2,165 6.5 Very High 27 0.1
35-101 Low 2,102 6.4 35-67 Medium 4,787 14.4
Medium 28,335 85.0 High 28,481 855
High 2,864 8.6 Very High 33 0.1
102-168 Low 51 0.2 67-101 Medium 51 0.2
Medium 28,170 84.5 High 33,088 99.3
High 5,080 15.3 Very High 162 0.5
> 168 Medium 17,059 51.2 >101 High 32,632 97.9
High 16,215 487 Very High 669 2.1
Very High 27 0.1
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Flg. 1. Extimated annual eroslon from the Unlversal Soll Loes
Equatinh. Palentiel ylakde are glven in Mptafraar,
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feluded fram the Pl cataulfallons,
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KEYS TO SUCCESSFUL PRODUCTION OF TRANSPLANTED CROPS
IN HIGH-RESIDUE, NO-TILL FARMING SYSTEMS

Ronald Morsé

INTRODUCTION (Morse et al., 1993). This paper will attempt to briefly
The Relationship Between Tillage and Soil Quality outline and summarize key components of HR/NT sys-
tems that have been tested and used successfully by farm-

Rggl:]c'gfgtr?é gﬂmlz:gg :ﬂfgrﬁofgsg;lélagllgv\;m:jei;'kers in many areas of the United States in the 1990s.

etc.) increases soil organic matter content, which NO-TILL TRANSPLANTED CROPS IN THE
in turn increases soil quality (Ismail et al., 1994; Doran 1990S—-KEYS TO SUCCESS
and Jones, 1996). From the perspective of both the farmegjo, orofitable yields are achievable using HR/NT pro-
and the soil smenpst, m-s@u prod_uctlon anq retaining _h'gﬂjction systems. Growers should use a year-round sys-
levels of crop residues (high-residue farming) on untilledy,g 50pr0ach in HR/NT farming. Success depends on 1)
soil (no-tillage) is the most cost- and time-efficient waygecting the most sustainable or appropriate crops, culti-
of increasing soil organic matter (Crovetto, 1996). Ifj5rq soils and micro climatic conditions and 2) identify-
deed, high-residue/no-till (HR/NT) farming systems Caflg and applying yield-enhancing practices inherent or spe-
play a major role in achieving a sustainable agricultuggi. ¢or HR/NT systems. This paper will focus on the
worldwide (Lal et al., 1990). latter: yield-enhancing practices specific for HR/NT sys-
The Advantage of Using Transplants in HR/NT tems. In the sections that follow, four production strate-
Systems gies (objectives) are briefly presented, emphasizing proper
High-residue covers can interfere with seed germindse of available equipment and associated technology.
tion and seedling growth, lowering the chance of achielhese four objectives are explained more extensively in
ing adequate plant survival and stand with direct-seedé@rse et al., 1998.
crops. Conversely, proper establishment of large, vig@bjective I: Produce a dense, uniformly distributed
ous transplants minimizes crop interference and dramagver crop prior to transplanting
cally increases t_he Cha_nce of plant survival in h'g_h'res'd”eSparse, unevenly distributed surface coverage is a ma-
covers. In addition, using tran_splants fav_ors rapid CanopY cause of poor results in NT transplanted crops. In con-
closure and weed suppression, reducing the need ok establishing a dense, uniformly distributed cover crop
chemical weed control (Morse, 1995). prior to transplanting provides the greatest chance for suc-
No-till Equipment: A Limiting Factor cess. Benefits from heavy, evenly distributed residues in-
For many decades, home gardeners and small-scdkgle weed suppression, reducing or even eliminating the
farmers have applied organic mulches to conserve theged for preemergent herbicides; greater conservation of
soil and water resources, improve weed and pest contf$ith soil and water; and greater trafficability resulting in
and increase yield and quality of vegetable crops (Duttdfproved flexibility in timing field operations.
1957). No-tillage systems (using-situ mulches) have  With NT production systems, investing in cover crop
all the advantages of using applied mulch, without disturkgsidues prior to transplanting is like establishing a sav-
ing the soil and requiring the time-consuming and oftéfds account: you receive the input (deposit) back plus
uneconomical practice of purchasing, hauling and appipterest later. Every effort and expense to establish a rela-
ing straw and organic waste materials. tively weed-free, dense cover crop will be rewarded later
If organic mulches are such a valuable resource, wiiythe form of improved crop yields and quality. Recom-
are HR/NT systems not widely practiced in the Unite@ended cultural practices include selecting the most adap-
States and other areas of the world? Until recently, a ni§e and compatible cover crops, obtaining a uniform dense
jor problem slowing adoption of no-till systems has be&tand by drilling high seed rates at close between-row
lack of available equipment. However, during the past figacing and providing adequate growth inputs (water, lime
years, equipment and associated technology have beenaiél fertilizer) and growing time to maximize cover crop
veloped and are commercially available for small-scadomass.
farm production of transplanted crops in HR/NT systems

Department of Horticulture, Virginia Tech.
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edged knives affixed to a parallel rotor that uniformly
leaving a heavy, uniformly distributed mulch cover  distribute the finely cut residues over the soil surface.
over the soil surface Rolling can effectively kill many cereal grain crops
Weeds reduce crop yields predominantly by interspand some legumes. Cover crop kill is often less complete
cific (weed-crop) competition for water, nutrients and lightvhen rolled than when mowed. However, the NT trans-
To minimize interspecific competition, the cover crop muglanters function better, and after transplanting cover crop
be killed and subsequently managed in such a manner ffisistence and weed suppression are better in rolled than
the in situ mulch effectively covers and shades the sdif mowed plots.
surface but does not excessively shade or compete withVhen rolled effectively, dense stands of mature annual
transplanted crops for light, nutrients and water. Eithe@ver crops are laid prostrate uniformly over the ground
chemical and/or mechanical methods can be used to Rild remain lodged. Complete kill takes from a few days to
and generate a dense mulch (Dabney et al., 1991; Moggyveral weeks, and in some cases partial greening may
1995). remain throughout the growing season of the transplanted
Chemical methods. Contact herbicides such astrop. With most crops, however, any interspecific com-
glyphosate (Roundup) and paraquat (Gramoxone Extra) Bgéition between the transplanted crop and the living cover
needed to desiccate perennial and immature annual wiedot a serious yield-limiting factor and is more than
and cover crop species. Desiccation should be done &@npensated by the many growth-promoting benefits of
to five weeks prior to transplanting to ensure completelled, heavy crop residue mulch. Planting the transplanted
vegetative kill. Glyphosate should be applied at least fotfiops in multiple rows often helps considerably to mini-
weeks prior to transplanting to avoid any potential sturittize greening of the rolled cover crops and thus reduces
ing of the transplanted crops from root-to-root transfer &fterspecific competition effects.
active glyphosate exuded from roots of the treated coverMany types of equipment have been used to roll mature
crop to the roots of the transplanted crops. Often two &tnual cover crops, including:
more sprays are required to completely desiccate all veg-l. Disengaged flail mowerwWhen disengaged and
etation. pulled over the ground, the roller gauge wheel of
Mechanical methods.Many species of mature annual the flail mower can effectively flatten mature crop
grass and legume cover crops can be effectively killed residues.
using mechanical methods (Morse, 1995). To be success2. Grain drills. Modified grain drills equipped with
ful, however, mechanical treatments must occur after the coulters and cast-iron press wheels spaced 5 in.
annual species have developed beyond their vegetative stage apart have been effectively used to roll some
and ideally after flowering. When attempting to kill mix- cover crops.
tures of annual species (both cover crops and/or weeds$. Turf or construction rollers.Commercially
mechanically, all species should be mature and incapable available water-filled rollers used for compacting
of regrowth following mechanical treatments. Mechani-  and rolling turf and roadways could be used to
cally killing cover crops has two distinct advantages over  roll crop residues.
using contact herbicides: 1) because herbicides are no#. Roller-crimper drum.Water-filled drum rollers
used, negative environmental impacts are reduced; and 2) modified with horizontal welded blunt steel blades
cover crops can be killed just before planting, which maxi-  Or metal strips have been used in Brazil and other
mizes the growth potential and maturation of the residues. locations to roll-crimp cover crops, thus
Since a relatively high percentage of transplanted crops facilitating killing yet leaving plant stems intact.
are irrigated, potential soil moisture depletion problems 5. Undercutter-roller A modified blade plow (V-
from drought prior to planting are negated. plow sweep) has been used as an undercutter,
Flail mowing and rolling have been used effectively to ~ designed to sever the cover crop roots, followed

Objective IlI: Kill cover crops prior to transplanting,

kill black oat @Avena strigoséschreb.), cereal ryeSécale
cerealeL.), wheat Triticum aestivumL.), foxtail millet

(Setaria italicaL.), buckwheat Fagopyrum saggitatum

Grlib.), crimson cloverTrifolium incarnatumL.) and soy-
bean Glycine max..). Flail mowing effectively kills most

by a rolling harrow which rolls the residues flat
over the ground. This undercutter-roller functions
well on raised beds under dry, non-rocky
conditions.

. Rolling stalk chopperWhen properly adjusted

mature annual cover crops and distributes a uniform layer or modified, stalk choppers can effectively roll

of organic mulch over the soil surface. Rotary mowers and evenly distribute high-residue cover crops.

are not recommended because they tend to windrow theRolling appears to have considerable merit for mechani-

chopped residues. Flail mowers contain many small douldedly killing cover crops. Ongoing crop residue manage-
ment research and field testing in several states (Virginia,
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North Carolina, Pennsylvania, Alabama, Maryland and Cadlie tilling and the planting functions. Under compacted,
fornia) should help clarify the relative advantages and speeky conditions, the rigid-mounted shoe is easily bent or
cific uses of different rolling methods for mechanicallyproken, which seriously reduces its usefulness for NT sys-
killing cover crops in HR/NT vegetable production sygems. In contrast, the spring-loaded soil-loosening com-
tems. ponent of the SST has heavy-duty construction and subsur-
Chemical/mechanical methods In some situations face tills a narrow strip of soil ahead of the double disk
where contact herbicides are required to achieve an allee of the transplanter. The double-disk shoe moves
equate kill, mowing or rolling may be used to minimizéhrough the residues and tilled strip with relatively little
shading of the transplanted crop. For example, contagsistance and with minimal surface soil and surface resi-
herbicides combined with or without pre-emergent hertdue disturbance. The SST-T is an efficient (less equipment
cides can be used to desiccate tall-standing, dense remakdown) and effective (less transplant resetting needed)
dues, followed by mowing or rolling prior to transplantindNT transplanter that, when used in heavy residues, maxi-
or mowing (with mower blades held above the establishedzes soil and water conservation and early field reentry
transplants) after transplanting. With sparse, low-growimgrmitting planting, spraying and harvesting operations to
cover crops, mechanical methods would not be neededbe done within a few hours following irrigation or rainfall.
The Subsurface Tiller-Transplanter (SST-T - Objective The single coulter and/or double-disk shoe of other NT
lll) functions best in upright standing (intact) residuesnodels often do not loosen enough in-row soil for opti-
regardless of the height of the cover crops. In contrast,nimm root-soil contact, resulting in reduced plant survival
some situations the SST-T functions poorly in lodged demnd slow early growth of the improperly set transplants.
iccated residues or coarsely chopped, unevenly distrifiuted or ripple coulters can loosen more in-row soil than
uted residues such as derived from rotary mowers. the smooth coulters; however, they do not cut the resi-
Recently, several cover crops have been effectivalyes as effectively as the smooth coulter and may cause
killed by rolling first followed by applying paraquat. Thishair pinning (pressing of the residues into the soil without
method looks very promising since rolling can optimallgutting).
orient and distribute flattened residues, which facilitates The SST-T is also equipped for precision placement of
transplanting effectiveness with the SST-T. 1) liquid starter fertilizer-pesticide solutions around the
root system of the transplant, 2) liquid or granular fertil-
with minimum disturbance of surface residues and  1Z2€rs underneath the transplant and 3) granular fertilizers
surface applied in bands on both or either side of the

surface soil oo n -
Lack of reliable NT transplanters and inconsistent stchEi1 nsplant row. A complnanon of these.tr_eatments IS ex-
ected to eventually give the most efficient use of soil

establishment have been major factors limiting the adcpmendments. Also, a drip layer attachment became avail-

tion of NT systems for transplanted crops. Generally, IoVY)Ie in 1997. This attachment places drip tubing at varying

yields occur When no-tillage is practiced in poorly dra‘”‘? gpths below the crop residues and in close proximity of
compacted soils. In NT systems, when a device (ch|? L crop row

plow, coulter, rototiller, undercutter, etc.) is used to loosen
or fracture a strip of in-row soil prior to transplanting®@bjective IV: Practice year-round weed control
both stand establishment and subsequent plant growth ar@he old adage “an ounce of prevention is worth a pound
improved, approaching or even surpassing that achieveaincure” is particularly valid in HR/NT farming. Weed
tilled soils. With the recent development of the Subsutentrol can be achieved two ways--directly using both
face Tiller-Transplanter (SST-T), no-tillage with in-ronchemical and mechanical means and indirectly by using
soil loosening and transplanting are combined in one passtural practices that promote rapid plant growth and
across the field. The SST-T is a “hybrid,” combining sultanopy closure. Preemergence and post-emergence her-
surface soil loosening to alleviate soil compaction armicides can be applied and, in conjunction with physical
effective setting transplants—in one operation with minind allelopathic effects associated with high-residue cov-
mum disturbance of surface residues or surface soil. ers, often provide adequate weed control. However, the
The SST-T has an upright, high-clearance design witlbest direct method is to lower weed and seed populations
double-disk shoe similar to that of earlier custom-magkeior to transplanting (i.e., apply aggressive weed-control
models used in the 1970s. However, in addition, the SSTeasures prior to and/or during production of the cover
T has a unique subsurface tiller (SST) aligned in front ofop).
the double-disk shoe of the transplanter. The conceptualOf critical importance, NT fields should not have a
design and functioning of the SST-T is uniquely differersterious perennial weed problem such as nutsedge,
from that of earlier and present-day NT transplanters. Wigjuackgrass, Johnsongrass or morning glory. Weedy fields
some NT models, the cultivator-type shoe performs bathould be cleaned up prior to seeding the cover crop; and/

Objective lll: Establish transplants into cover crops
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or, if necessary, herbicides should be used in conjunctiporate surface residue, excessively aerate the soil and re-
with production of the cover to minimize weed populatioduce soil organic matter content and soil quality. Research
prior to transplanting. Appropriate use and timing a$ urgently needed to evaluate utilization of legume-grass
pretransplant herbicides to achieve a “stale seedbed” (mxtures and injectable (liquid, granular, pelleted, etc.)
duced weed seed population) and a dense weed-free cavganic fertilizers in HR/NT systems for production of
crop are generally an inexpensive, more environmentatlyganic vegetables.
frlendly use of hgrb|C|des than if applied later in conjunc- LITERATURE CITED
tion with production of the transplanted crop.
The term “stale seedbed” (more appropriate]y stale traﬁ\éovettO, C.L. 1996. Stubble over the soil: The vital role of plant
plant bed) refers to techniques allowing weed seeds in the residue in soil management to improve soil quality. Amer. Soc.
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EFFECT OF TILLAGE ON SENNAOBTUSIFOLIA AND XANTHIUM STRUMARIUM
POPULATION, INTERFERENCE AND SEED BANK

L.R. Oliver and M.T. Barapotr

SUMMARY Soil tillage reduces the number of weeds but may in-

Two of the most troublesome weeds in the southefffase germination of weed seed in the soil seed bank
United States areSenna obtusifoliaand Xanthium (Roberts and Neilson, 1981). In contrast, no-till systems
strumarium A field experiment was conducted to detefyPically have high populations of small-seeded annual
mine the influence of tillage practice and interferencée€ds. The objectives of the present work were 1) to
level on seed production potential, emergence pattern Af§ermine the influence of tillage practice and interfer-
soil seed bank 8. obtusifoliaand X. strumariumand to €Nce level on seed production potential, emergence pat-
determine the dominant species after introduction into!§{" @nd soil seed bank Xf strumariumands. obtusifolia
weed-free field. Interference level did not influence tH¥d 2)_t0 Qetermlne Fhe dominant SPecies after initial in-
soil seed bank except f@. obtusifoliaunder tilled con- (roduction into a previously weed-free field.
ditions. Under tilled conditionsX. strumariumwas the Materials and Methods

dominant species, arfil. obtusifoliawas dominant under A field study was conducted at the Main Agricultural
no-till conditions. Soil seed bank loss was greater ferxperiment Station, Fayetteville, Arkansas, from 1991
both species with tillage. Three years after initial se@frough 1994. The experimental design was a split-plot
deposition, the remaining. obtusifoliaseeds were 100% with a three by two factorial of subplots and four replica-
viable while X. strumariumburs were not viable. Thus,tions. Main plots were no-till and tilled. Tilled plots were
under no-till conditions, th&. strumariumsoil seed bank tilled 10 to 12 cm deep each year following actual or
was depleted whil&. obtusifoliawas not. anticipated seed production in mid-November and in early
INTRODUCTION April prior to weed emergence with a Triple-K seedbed

o ] ) cultivator with rear rolling baskets. The factorial subplots
Senna obtusifolid.. and Xanthium strumariuni. are |, are three weed populations. obtusifoliaalone, X.

among the most troublesome weeds in many fields of ¢, mariumalone andS. obtusifoliaplus X. strumarium
southern United States (Elmore, 1986). Once the weedlyy o seed deposition levels: harvested in the year of
are introduced and established, a producer is confronigghpjishment (1991) for initial seed production determi-
with the potential for a severe weed problem for manyions or allowed to produce seed and deposit to the soil

years. X. strumariumis. more competitive thals. ¢, one year (1991). Each plot was 3 with a 1-m bor-
obtusifolia(Monks and Oliver, 1988); however, other facder between plots. The soil was a Taloka silt loam (fine,

tors may regulate the population and determine the do'??h‘xed, thermic Mollic albaqualfs) with 25% sand, 62%

nant weed species when both species are established ogan 3o, clay, 1% organic matter and a pH of 6.7.
equal basis. ’ '

The lifespan of weed seed in soil is important sind@itial Seed Production Determination.
potential weed problems exist as long as weed seed reln the year of establishment (1991), each plot con-
main viable (Egley and Chandler, 1978). An understandifitpted of four single-seed-source weed seedlings trans-
of seed bank function requires knowledge of the numbdétgnted 2 May 1991 and allowed to grow to maturity and
of seed present at a given time and knowledge of the $tfposit seed. The distance between plants was 2 m. Plots
seed bank dynamics. Seed bank dynamics are affectedVB}) S. obtusifoliaplus X. strumariumhad two seedlings
both rate of input (direct deposit by the plant and by digf each species planted alternately in the plot. All plants
persal from humans, wind, rain, birds and other animaféceived the same cultural practices and were protected
and rate of output (loss through germination, deep buriiPm wind breakage by staking, allowing plants to grow
predation, disease and death) (Fenner, 1985). Understaitfl produce seed as uniformly as possible.
ing emergence patterns and extent of seedling emergencét the end of the growing season, plants were harvested

from the seed bank aids in weed control and estimationfef seed or bur productionX. strumariumburs were
crop yield loss. counted for each plang. obtusifoliapod length was mea-

sured, and number of seeds per pod was determined by the

Department of Agronomy, University of Arkansas, Fayetteville, Arkansa{:@llowing linear equation;

Previously published, Second Annual Weed Control Congress, Copenhagen
1996. pp. 241-246. Y =-0.0329 + 1.766 X2r= 95

83



ARKANSASAGRICULTURAL EXPERIMENTSTATION SPECIAL REPORT186

where Y = number 08. obtusifoliaseed in each pod, andsprayed after each seedling count in 1993 and 1994 to
X = pod length in cm. Bur or pod counts and lengths wetentrol existing vegetation.

determined in the field in all plots not harvested the first Data were subjected to analysis of variance. Means were
year. separated by Least Significant Differences (LSD) at the

Seed Production for One Year 5% level of probability.

In 1992, all seedlings were allowed to grow to matu- RESULTS
rity. Two 0.5- by 0.5-m permanently positioned sub-sample g opysifoliaand X. strumariuminitiated flowering 1
markers were placed in each _pIot. From the _subsampl‘jelﬁy and 3 September, respectively, in 1991. At the end of
the number of emerged seedlings and seedling mortalit first seasonS. obtusifoliaproduced an average of
were recorded every two weeks during the growing Segr 470 seeds/plant, antl strumariumproduced an aver-
son. At the end of the season, entire plot seed producté@% of 4,469 burs or 8,938 seeds (achenes)/plant. For the

was determined for one set of seed deposition plots Whilg, inder of the papeX. strumariumreproductive po-
the other set was left undisturbed. Forobtusifolianum- ;o tial will be presented as achene number.

ber of pods per plot was counted. For both weed specieSgeeq production data were similar for intraspecific and
all plants were cut at the soil line for shoot fresh and dpyerspecific interference levels except for the number of
weights (data not shown). Four 1,000-g subsamples o5 geposited to the seed bank. With intraspecific inter-
each species were air dried at 45 C for eight d8ys.terence, 1,827 and 1,430 seedsimere deposited foS.
obtusifolia pods were separated from the plants angsifoliaandX. strumarium respectively, and only half
counted, and average pod length was determined. The "Wt amount with interspecific interference. Thus, inter-

ber of seeds per pod was calculated from the equatiglence data were combined and averaged in order to
developed in 1991 and was multiplied by the actual p‘b?‘esent seed production potential.

count to estimate toté. obtusifoliaseed production per’ |, 1992 x. strumariumseedlings began emerging by
plot. Plants in each plot were harvested at the end of {8 eng of May and ceased at the end of June, eight weeks
season for fresh weights (data not show)strumarium after emergence (WAE) whilS. obtusifoliaseedling

burs were separated from the subsample before dryigghergence began at the same time but continued until
The total bur production per plot was calculated by county,q st (16 WAE). Similar emergence was noted in 1993
ing the burs per subsample and multiplying by the total dgy,q 1994 X. strumariumwas larger thars. obtusifolia

weight. In 1993 and 1994, all emerged seedlings W&fRqer hoth tilled and no-tilled conditions (data not shown).
counted and removed every two weeks during the growing During the growing season, seedling mortality was 9.3%

season. of the population forx. strumariumunder tilled condi-
Soil Seed Bank Sampling tions (data not shown)s. obtusifoliaseedling mortality

In November 1994, three years after initial seed depéaried with interference level. Seedling mortality was 5.6%
sition, soil samples were taken to estim&teobtusifolia With intraspecific interference and 17% with interspecific
and X. strumariumsoil seed bank numbers. Each 5-ninterference. The increase was due to the dominanie of
plot was divided into 25 1-m grids, and 25 soil sampl&fumariumin interspecific plots because of initial rapid
were taken from the upper right corner of each grid witheinergence and plant size under tilled conditioBs.
10.5-cm-diameter soil probe at a 20-cm depth. Each s@tusifoliaandX. strumariumseedling mortality was not
sample was passed through a descending series of si@@served in no-till plots due to low plant populations and
with screen sizes of 4.75 mm to colle¢t strumarium lack of interference.
burs, 2.0 mm forS. obtusifoliaseed and 1.0 mm for By the end of the growing season, 165 and 202 seed-
escapedS. obtusifoliaseeds. Water was run through th#ngs/nt emerged forX. strumariumand S. obtusifolia
screens to enhance sample movement. Seeds or burs Wg§Rectively, under tilled conditions, while under no-till

separated and counted according to species as an estigRigitions only 10 and 29 seedling$/emerged forX.
of number remaining in the soil. strumariumandS. obtusifolia respectively (Table 1). For

both species, approximately 15% of the initial soil seed

General Procedures . i .
) ] bank emerged under tilled conditions. Under no-till con-
During the experiment, unwanted weeds were removgglons only 0.2 and 0.08% of th®. obtusifoliaand X.

by spraying ;ethoxydim (Poast—Ff’IMl,sl?O g ailL, BASF) strumariumhad emerged, respectively.
at 0.22 kg ai/ha plus 1% v/v crop oil for grass control. |, 1992, X. strumariumbur production was reduced

Hand hoeing in tilled plots and hand clipping in no-tilh>¢, ands. obtusifoliaseed production was reduced 78%
plots were used for broadleaf weed control. Glyphosgiger no-till intraspecific conditions compared to tilled

(Roundup", 360g ae/l, Monsanto) at 0.84 kg ae/ha Wagyngitions (Table 2). Under interspecific, no-till condi-
tions, X. strumariumbur production was reduced 46%,
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but S. obtusifoliaseed production increased 40%. Ththere was only a 10 and 5% bur loss under tilled and no-
reduction inX. strumariuminterference allowed the re-tilled conditions, respectively (data not shown). The in-
maining S. obtusifoliaplants to grow larger and producecreased loss under intraspecific conditions was probably
more seeds than in tilled plots, whe$e obtusifoliaseed due to more immature seeds being produced under high
production was decreased By strumariuminterference. densities in tilled plots and greater moisture stress in no-
Thus, no-till significantly reduced. strumariumemer- till. None of the remaining achenes were viable.
gence and seed productlon potential while increasing po- DISCUSSION
tential of S. obtusifolia

In 1993S. obtusifoliaseedling emergence was similar The loss of seeds and burs was due to decay, predation,
under both tillage conditions whil&. strumariumseed- dispersal, immature seed, mechanical destruction and sam-
ling emergence continued to decline under no-till condiing error (Ball and Miller, 1989; Fenner, 1985; Kremer
tions (Table 1). Percent emergence from the seed bl Spencer, 1989). The higher loss under tilled condi-
increased the second year after initial seed depositiorfigis indicates that microbial decay and insect predation
approximately 19% for both species under tilled condicrease with greater soil seed contact.
tions. However, under no-till conditions. strumarium  Emergence potential is critical in terms of competi-
emergence declined to only 0.03% wh8e obtusifolia tiveness because the species emerging first has the poten-
emergence increased to 14%, from 0.2% the previdi@l to dominate throughout the season. A high percent
year. The equivalent seedling emergenceSfoobtusifolia emergence early in the season is also an advantage in terms
under both tillage conditions indicates that once a séil colonizing an area ahead of other competitors. The
seed bank reaches a certain level, only a given numbefl@fminance ofX. strumariumover S. obtusifoliaunder

seeds will emerge due to the number of safe sites (Hargé@nventional tillage is due to the following: 1) tillage cre-
1977). ates an adequate seedbed for both species,Xbut

In 1994, the loss 08. obtusifoliaseed through emer- Strumariumgrows faster tha. obtusifoliaand shades.
gence under no-till was two times greater than under tilleBtusifolia plants earlier, reducin@. obtusifoliagrowth
conditions (Table 1). Thus, the initial delay in seed emedd emergence; 2) the dispersal abilityXofstrumarium
gence under no-till conditions was being corrected by seéglsmuch greater than that &. obtusifolia so X.
getting better soil-seed contact, allowing germination §frumarium can invade theS. obtusifoliaarea; 3)X.
readily germinable seeds. EmergenceXofstrumarium Strumariumhas a longer vegetative growth period tigan
was negligible regardless of tillage. Not allowitxg ©btusifolia allowing a longer competitive period; and 4)
strumariumto reseed following initial seed productionX. strumariumseedling emergence is greater than that of
resulted in 29% emergence over a three-year period $n-obtusifoliaduring the first emergence flush. However,
der tilled conditions; however, only 1% germinated undérlarge number 0. obtusifoliaseed remained in the soil
no-till conditions. S. obtusifoliaemergence (34%) overfrom initial seed production. So, X. strumariumis con-
the three years was similar to thatafstrumariumunder trolled, S. obtusifoliaseeds that remain in the soil profile
tilled conditions; however, under no-till conditions, 249%ill have a chance to emerge and cause a new weed prob-
of the S. obtusifoliaseed emergedS. obtusifoliaseeds lem for the producer.
were still showing a strong emergence pattern in 1994,S. obtusifoliawas as competitive aX. strumarium
indicating thatS. obtusifoliahas a harder seed coat thaHnder no-till conditions. In 1992, it was expected tBat
X. strumarium obtusifoliawould be the dominant species within the next

The estimated. obtusifoliaseed remaining in the soilone or two years under no-till conditions, and 1993 and
after three years was 906 and 1,042 seeds pamoer 1994 results verified that observation. In fa&,
tilled and no-tilled conditions, respectively (Table 1), g?btusifolia became the dominant species becaMse
by soil sampling 54 and 72% of the estimated seed bairumarium burs needed adequate soil-seed contact for
under tilled and no-tilled conditions, respectively. Germg@ermination. The bur prickles prevented soil-seed contact
nation tests indicated that 100% of these seeds wereupder no-till conditions. In contras$,. obtusifoliaseed is
able and would germinate. Seed loss averaged 46 and Z#9gller and has a smooth, waxy surface for better soil
under tilled and no-tilled conditions, respectively. The egontact and can penetrate soil cracks for improved germi-
timated number ofX. strumariumachenes remaining innation. Thus, thé. obtusifoliaplant population increased
the soil averaged 756 and 1,058 achenes peumder oOver the years, while th¥. strumariumplant population
tilled and no-tilled conditions, respectively (Table 1). uriwas reduced under no-till.
der intraspecific conditions, seed reserve in the soil esti-Seed viability and germination tests indicated that the
mated by soil sampling was 65 and 93% of the achengsstrumariumsoil seed bank was reduced tremendously
remaining under tilled or no-tilled conditions, or a 35 arne to three years after initial seed deposition and re-
7% loss, respectively. Under interspecific interferencBl@ining X. strumariumachenes were very sensitive to
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decay in or on the soil surface. The loss of viability re- Science 26:230-239.
sults in a quick depletion of thé. strumariumsoil seed Elmore, C.D. 1986. Weed survey. Southern Weed Science Society

bank. TheS. obtusifoliasoil seed bank was not depleted Research Report39:136-158.

after three yearsS. obtusifoliaseeds have hard seed COa{éenner, M. 1985. Seed ecology. Chapman and Hall Ltd, London New

and are more resistant to decay tbanstrumariumburs vork. - _
. . I Harper, J.L. 1977. The population biology of plants. Academic Press,
in or on the soil surface. ThuS, obtusifoliacan pose a London.

more serious problem thaX. strumarium especially as kremer, R.J., and N.R. Spencer. 1989. Impact of a seed-eating insect
no-till practices are adopted. and microorganisms on velvetleaf seed viability. Weed Science
37:211-216.
LITERATURE CITED Monks, D.W. and L.R. Oliver. 1988. Interactions between soybean

Ball, D.A., and S.D. Miller. 1989. A comparison of techniques for  (Glycine ma¥and selected weeds. Weed Science. 36:770-774.

estimation of arable soil seed banks and their relationshp to wesberts, H.A., and J.E. Neilson. 1981. Changes in the soil seed bank

flora. Weed Research 29:365-372. of four long-term crop/herbicide experiments. Journal of Applied
Egley, G.H., and J.M. Chandler. 1978. Germination and visability of Ecology 18:661-668.

weed seeds after 2.5 years in a 50-year buried seed study. Weed

Table 1. Effect of tillage on  X. strumarium and S. obtusifolia seed bank potential
after four years averaged over interference level.

Tillage Initial Plants Seedlings Seeds
Species level seed deposition 1992 1993 1994 remaining
no/m?
X. strumarium 1,072
Till 165 150 1 756
No-till 10 4 1 1,058
S. obtusifolia 1,370
Till 202 219 44 906
No-till 29 194 105 1,042
LSD(5%) 100 120 50 250

Table 2. Effect of tillage on  X. strumarium and S. obtusifolia
seed production in 1992 (LSD1-to compare species or
interference levels at same tillage level and LSD2-to
compare same species or interference at different tillage

levels).
Tillage Interference level
Species level Intraspecific Interspecific
--------- no./m?2--------
X. strumarium Till 880 780
No-till 510 420
S. obtusifolia Till 8,940 920
No-till 1,930 1,290

LSD 1 (5%) 1,800 and LSD 2 (5%) 2,000
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THE ROLE OF INDUSTRY IN CONSERVATION TILLAGE
AND SUSTAINABLE AGRICULTURE

Robert G. Palmér

INTRODUCTION force in contact with the farmer and at the same time have

hange in the agricultural arena—as in electronic@,e ability to communicate with the public. 3) In industry
computers, etc—has been rampant the past f&F €an promote, educate and support conservation tillage

vears. Change has closed many doors and Opeﬁlgg sustainable agriculture. 4) We are international in scope
numerous others, especially in the past 10 years. Puﬁirﬂ{j infrastructure and can influence attitudes and prac-

sector budgets have been scrutinized and have gone ull§&F around the world. Now, let's consider each of these
the knife (in some cases, maybe we should say the &§ints in more detail.

Support for traditional programs such as the Cooperative FARMERS AND CONSUMER INTEREST
Extension Service and applied research has dwindled.

Industry in now picking up many of the responsibilitieaq We in agriculture all work for the farmer and ultimately

. . X . : ) e consumer. If we don’t work in the best interest of our
once filled by university extension. Pioneer Hi-Bred, Inc., . o
) Customer, the farmer, we will not have a customer. This is
has had an Agronomy Service group for about 30 years_In . o . ; .
: true for industry, and it is true for university extension,
the Corn Belt. Here in the South we have had an Agronomy. : . .
iversity research and other public sector providers of

Service group for less than 10 years. Farmers and deaije{s . :
INformation and services.

call on our agronomists at an increasing frequency as the 00 frequently, industry is portrayed as the “big bad

seek answers to all kinds of crop production questions. " o
: . ) : monster” out to take advantage of the consumer. Profit is
I'm sure that other industries have seen the same increase. .
) . : : epicted as bad. Profit is what supports the research to
in demand on their technical service staff.

What does all this mean? To agriculture? To farmerts)r.Jng new technologles and better crops on line. Thes’e
) new technologies and better crops enhance the farmer’s
To consumers? To all of us? | don’t have all the answers to

: gosition in the marketplace and also provide a more reli-
these questions. However, | may have some of the an- ) :
swers able food and fiber supply forthe world. Practices and

. . . .policies that ensure a continuing productive agriculture
As we look at the role of industry in conservation till : ! )
. ) A are essential to meeting the demands of a growing and

age and sustainable agriculture, | will highlight only a few .
more prosperous world citizenry.

key points. Long-term soil productivity is dependent to a We have a responsibility to keep our food supply safe

large extent on soil conservation. Soil conservation, in . .
. . ; . nd our environment healthy, through wise and proper use
turn, is dependent upon various kinds of conservation tillz . :
: . X : . . f all crop inputs and management practices. The con-
age, including no-tillage. Conservation tillage is here 10 : . .
: . . symer—the public—ultimately determines how well we are
stay, and sustainable agriculture is what we are all about. "~ . L

. : -doing in maintaining a safe food supply and how well we

We are told the world population will reach about 8 bil- : } )
fommunlcate that fact to the public. We have a major

lion around the middle of the 21st century. That is rough - ; .
60% more people requiring food, fiber and other resourcéé?por]s'b'“ty to educate the public about the real issues

Lo . nd the facts, as we know them, related to safe and effec-
The standard of living is improving for many of the devel: . :
|(¥e food and fiber production.

oping nations around the world, and the demand for foo 'We in industry must do an even better job than we are

fiber and services will increase faster than the populatiagin to counter the neaative press leveled at aariculture
growth. Agriculture is the foundation for sustaining tha 9 9 P 9

growth, and American agriculture can and should be le In general and, more specifically, at farmers and industry.
ing the'charge uch of the negative comment comes from individuals or

) : roups with little knowledge of crop production. Their
Now, let's focus a little more and look at some ke . . : .

oints | will cover. 1) We should all work for the bes nowledge of fertilizer nutrients, chemical and other in-
P : ts is limited. We can work to change that through our

interest of farmers—and ultimately for the consumer. Etlblic relations efforts. We must, however, be careful

Industry is where the rubber meets the road. We are Ehgt we present truth and fact. We cannot hide the dangers

where they exist. Honesty is essential if we are to impact
'Field Sales Agronomy Manager, Pioneer Hi-Bred, Inc., Huntsville, Athe attitudes of those with negative opinions about agri-

Presented atthe 1997 Conservation Tillage Convention, Gainesville, Floridajture.
but arrived too late for inclusion in the 1997 Proceedings.
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INDUSTRY COMMUNICATES as a part of crop management training and information we

Industry is where the rubber meets the road. We havkovide to dealers and to farmers. _

more direct contact with the farmers than any other group.ndustry personnel conduct hundreds of meetings each
We deliver to them the products, services and informati¥fa" and visit thousands of farmers on their farm. The
they want and need. We have the infrastructure to redBRElings may be crop management meetings for farmers
virtually every farmer in the country. We also have tH¥ they may be information meetings for dealers. Industry
ability to provide the equipment, chemicals, fertilizerd€chnical representatives or agronomists are contacts serv-
seeds, services and information they need to be succilg as sourceslof information for agricultural publlcatlons
ful. We have an excellent opportunity to promote and f£nd othe.r.medla types. These contacts prowde.numerous
sist in the adaption of responsible stewardship through §fPortunities for companies to promote responsible stew-
use of proper conservation practices. Our people are traif@Ship of land and water. Within Pioneer Hi-Bred, Inc.,
and experienced to help growers understand the needS@¢h year we present an “Agronomist of the Year” award
and the economic value of using best management prigc@n outstanding agronomist in our company. One crite-
tices in most situations. rion for earning this award is evidence that the agronomist

Chemical and equipment companies develop and pr@_s worked to foster environmental and conservation edu-
duce products designed for conservation tillage systerf@UoN: o
New products are continually coming to the market, prod- W€ €an support individual farmers, farm groups, com-

ucts designed to do a better job conserving residues wiflenity groups, state agencies, universities, government
providing an ideal seedbed for proper seed-to-soil cqteNcies and other groups as they promote and/or practice

tact. Precision farming and global positioning are noweil and water conservation and responsible s_tewardship
providing more information about soil variability, weedf OUr nation’s resources. One great example is the Con-
infestations, variability in yields and other factors affecf€rvation Tillage Information Center (CTIC), spawned by
ing crop production. Along with this information, thesddependent companies with a vision, including ICI, DOW,
technologies provide increased management opportunige®: Pioneer and others, along with government agencies.
within individual fields and across farming operations. Seddl€Se Private companies and government agencies coop-
companies are using new technologies in plant breedﬁ{é‘t?d to establish a clgarlnghouse for conservation |_nf0r-
to develop crops that reduce the reliance on insecticidB&tion in the early to mid-1980s. The CTIC is flourishing
and are providing herbicide alternatives that are less thréftd continues to provide conservation tillage information
ening to the environment and to our water supplies. R¥d support to individuals and groups nationwide.

search expenditures on all these new products and techS recently as the spring of 1997, a cooperative ar-
nologies are tremendous. rangement was announced between USDA and six national

Because of reductions in appropriations, many univeagricultural companies. One of these companies was Pio-

sities have had to reduce their support for extension difff Hi-Bred, Inc. The others include Cargill, ConAgra,

their emphasis on applied research. Farmers therefore fgmland Industries, Monsanto and Terra Industries. They
more frequently looking to industry for information and'® Providing financial support to the USDA for promot-

assistance in crop management. ing landowners’ installation of conservation buffers to pro-
tect waterways.
INDUSTRY PROMOTES, EDUCATES John Deere supported publication of a Conservation
AND SUPPORTS Tillage Handbook several years ago. | served as an editor

|ndustry p|ay5 an important role in promoting soil anfpr this project when | was on staff at Western lllinois
water conservation. Many companies promote conserliversity. ICI a few years ago cooperated with the CTIC
tion tillage and sustainable agriculture through the proli- promoting conservation tillage with videos and TV com-
ucts they develop, produce and market. Improved produgt§rcials. Many other companies have supported similar
enable farmers to better manage their cropping systei@jects through the years. These few | have named serve
including the use of conservation tillage to protect sdéinly as examples of the role industry has played and is
and water. Other companies promote conservation in cé¥gying in the support and promotion of conservation till-
junction with products they sell, even though those progde€.
uc_ts may n(_)t_ be directly involv_ed in soil conservation ANDUSTRY PLAYS AN INTERNATIONAL ROLE
soil productivity. Seed companies are an example of this . _
type of industry. Seed is not directly related to conserva-Adriculture has become increasingly more global over
tion tillage, unless one considers emergence and seedifify Past 10 or so years. That trend is continuing. Most

vigor. However, we promote soil and water conservatidRalor agricultural companies are international in scope
and infrastructure. Because of this international presence,

they have the opportunity to influence attitudes, practices
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and policies around the world as they conduct business. It SUMMARY

is an opportunity to promote wise resource use and con-nqysiry has a role in conservation tillage. We have
servation to maintain a productive agriculture around t@qn seriously taking responsibility for that role for many
world. In the mid-70s | spent 18 months in Brazil workingars and continue doing so today. You may ask why we
with the Federal University of Santa Maria in Rio Grandg jnqustry, are interested in supporting conservation till-
do Sul. I was there to help them strengthen their soil cQfyje ang other such endeavors. There are two major rea-
servation program. At that same time, ICI was workingyng 1) profit or business. We want to stay in business
closely with local farmers in that part of Brazil, providing,,q that requires a long look. It requires us to focus on
technical assistance in the field as those farmers begag R is best for our customers—farmers—in the long haul.
adopt no-till practices in soybeaGlycine max.. Merr.) \ye must help keep farmers profitable to maintain a mar-
production. . , ... ket for our products and services. 2) A benevolent spirit.
Loren Kruse ofSuccessful Farminghas said that “If \ye want to be good community citizens. Industry or com-
the entire world ate as well as we do in the top ,e'gﬁ%mies are made up of people. As people, we too are inter-
exporting countries, we'd increase exports by four timeslieq in creating a better world. We live in this world. Our
Those of us in agriculture want to see those countrigSidren live in this world. Many of us have grandchildren
develop and earn money....and spend it for our food proghg jive in this world. We want the generations descend-

ucts.” We can help ourselves if we help those countriﬁ% from us to have at least as good a world as we have in
develop and maintain their ability to produce food anghich to live and raise families.

fiber.
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EVALUATION OF CORN PLANTING DATES FOR NORTHERN MISSISSIPPI
J.R. Saunders and J.R. Johnson

INTRODUCTION chosen from past results in variety trials for Mississippi.

arly planting of corn in Mississippi has the potenThe_ seeding rate fpr each date was 27,500 seed/acre in
tial for higher yields because corn matures in 3B-in. rows. The site selected for this study was at the

window of ideal temperature and rainfall. With th&\Orth Mississippi Branch Experiment Station in Holly
rings, Mississippi, on a Grenada silt loam soil with O-

opportunity to forward contract corn above $2.50/bu, mo i ¢ >
Y slope. Crop residue in 1995 for the test site was less

acres are being planted in Mississippi. The window 6

corn planting becomes narrow considering the days avian 5%. Experimental design of the study is randomized

able for field work. Pendleton and Grogan (1966) recofi?mplete block (RCB) with four replications. Each plot
mend planting corn in Mississippi from late March tGonsisted of four rows on 38-in. spacing planted no-till
early April. Since Mississippi is over 300 miles north tfNT)- A pre-plant burn-down herbicide of Gramoxone
south, the dates for all parts of the state have to be Gfraquat) and nonionic surfactant was broadcast applied
justed accordingly. Soil temperature at corn planting tind 0-9375 Ib ai /acre and 0.5% by volume, respectively. A

approximates 50 degrees (Genter and Jones, 1970). gfgnular blend fertilizer was surface applied according to

find that we get not only higher yields, but less lodgin pil test for 15-bu yield. Preemergence herbicides Aatrex

disease and insect damage when com is planted early. GgHfZin€) and Dual (metolachlor) were broadcast applied
planting dates for the 1990's may have earlier plantiﬁéter planting at 2.0_an(_1 1.0 Ib allacre,_ respectively. A
dates due to new hybrids and herbicides. However, fASt-emergence application of Accent (nicosulfuron) was
rule of thumb for com planting is late March to earifiPPlied at 0.67 oz/acre as needed for control of
April. johnsongrass. Liquid nitrogen in the form of UAN was cut

The primary reason for early planting is better yieldd? at 150 Ib with a ground rig when the corn plant was
Other advantages can be enumerated and are as follow&Ppfoximately 20 in. tall. All plots were harvested with a
less lodging due to shorter plants and lower ears, 2) eWnbme modified for plot harvest. The two center rows

plant growth before seasonal evapo-transpiration rates &€ four-row plots were harvested, and grain yields were
high, 3) early pollination allows com to pollinate befor&onverted to bu/acre.

the hot, dry days of July and August and during the longest RESULTS AND DISCUSSION
days_ of the year (around 21 June), 4) more availabl_e m(?is_lt should be noted that these planting dates were estab-
ture in early summer than late summer, and 5) grain dr||e?1ed for northern Mississippi. Planting dates should be

i . S
sooner allowing earlier harvest (Pendieton and Gmgggnsidered depending upon region and climatic conditions.

1966). All yields were based on small plots, not large-farm dem-
Weather data show an average of eight days in March in yiela plots, 9
. . " . : onstrations.
which field conditions are suitable for work in northern o ' .
Preliminary results of five planting dates (PD) of corn

Mississippi. This narrows the window for corn IOlammgndicate that maximum grain yields were achieved for the

between late March and early April. The objective of th i
study was to determine if corn planted during mid-Febr{LISESt week of April when averaged over three years (Table

) . . Average yield from 1995-1997 was 125 bu/acre. There
ary and early March would have yields comparative L
. .~ was, however, an average decrease of 20% in yield or 25
those of corn planted during late March and early April.

bu/acre after the first week in April. Three-year yield av-
METHODS AND MATERIALS erages for mid-February and early March were 56 and

Five planting dates were established in 1995 to detéf”0 lower than for the 1 April planting date. All planting
mine the optimum date to achieve maximum grain yieldat€ yiélds for 1997 were reduced significantly.
Planting dates began 15 February and ended 15 April inData indicated that yields were lower after two years of

two-week intervals, although dates varied slightly becayg@tinuous no-tilling regardiess of planting date of corn;
of field conditions. A comn hybrid of Pioneer 326Fas however, no visible signs were noted of insects or disease
present from the practice of continuous no-till corn pro-

Mississippi State University. duction on these plots. A significant yield reduction was

2The mention of atrademark or proprietary product does notimply endorsemgtited between 1 April and 15 April planting dates in 1995
by MSU or MAFES.
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and 1996. The grand means for final stand population acro3gble 1. No-till corn grain yields by planting dates for North
five planting dates have been reduced by 4% in 1995, 219% Mississippi Branch Experiment Station, Holly Springs,

in 1996 and 50% in 1997 (Table 2). High-residue plantings Mississippi, for 1995-1997.

should be avoided unless residue is chopped finely arf o Faning 1995 1996 1997 3yr.avg.
evenly distributed (Johnson, 1981). 15 Feb. 07 o bu/acre : =

Grain moisture readings taken the first week of Augusiar 139 a1 a 91
each year averaged 38.9%. Grain moisture readings Wer®tar. 144 147 68 120
also taken the first week in September of each year. Tha" 147 154 & 125
average grain moisture for the first week of September %’ 05) 133 153 755> 101
each planting date was (PD1) = 11.8%, (PD2) = 14.1%y v 2 19 28

(PD3) = 15.3%, (PD4) = 17.2%, (PD5) = 25.2%. This
results in percent dry down per day to be for (PD1) =
0.9%, (PD2) = 0.8%(PD3) = 0.8%, (PD4) = 0.7%, and

— ; le 2. Final stand population per acre across five planting
= 0
(PDS) = 0.5%. From the average, it appears that perce-gg(?es for North Mississippi Branch Experiment Station, Holly

grain moisture is directly related to date of planting, re- Springs, Mississippi, for 1995-1997.
gardless of y'eld (Table 3)' Date of Planting 1995 1996 1997
LITERATURE CITED x1000
. 15 Feb. 24.0 17.8 2.7
Genter, C.F.,and G.D. Jones. 1970. Planting date and growth seas@4y. 24.2 19.7 10.8
effects and interation on growth and yield of maize. Agron. 5 Mar. 25.8 20.6 15.2
62:760-761. 1 Apr. 26.5 24.4 18.9
Johnson, R.R. 1981. When to replant. Guide for assessing a &ofpr. 26.5 26.0 224

stand. Crops and Soils Magazine, Apr.-May. pp.8-9. Mean 254 217 14.0

Pendleton, J., and C.O. Grogan. 1966. The early word on planting corn
early. Crop and Soil Mag. pp. 11-13.

Table 3. Average percent grain moisture readings
approximately 30 days prior to harvest and at harvest for
percent dry down per day on five planting dates at North

Mississippi Branch Exp. Stn., Holly Springs, Mississippi,

1995-1997.
Grain Moisture Dry Down/
Date of Planting ~Aug. 1 ~ Sept. 1 day
0,
15 Feb. 38.8 11.8 0.9
1 Mar. 38.1 14.1 0.8
15 Mar. 39.3 153 0.8
1 Apr. 38.2 17.2 0.7
15 Apr. 40.2 252 0.5
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CONVENTIONAL VS. ULTRA-NARROW ROW (UNR) COTTON
IN DIFFERENT TILLAGE SYSTEMS

P.J. Wiatrak, D.L. Wright, J.A. Pudelko, B. Kidd and W. KoZiara

ABSTRACT timing of defoliation chemicals, do not necessarily need
his research was conducted in 1996 and 1997 of"gdification in narrow row systems.
Dothan sandy loam (fine, loamy siliceous, thermic Acco_rdlng tq the study _con_duct_ed by Torbert and Reeves
Plinthic Kandiudults) located at the North Floridd1994) increasing N application increased cotton biomass

Research and Education Center (NFREC), Quincy, Flori@d decreased lint percentage. In a dry year, 1990, non-

The objective was to compare 36-in. row-spaced cottJgflic decreased seed cotton yield from 1500 to 1360

planted with a Ro-till planter vs ultra-narrow row cottoff9/na (1335 to 1210 Ib/acre, respectively) while tillage
(UNR) with 7-in. row width planted with the Great Plaind@d N0 significant effects on cotton yield components.
no-till drill (both planted in minimum and conventionafPove-normal ralnfall_ and the strip-till W|_th non-traffic
tillage). Four nitrogen treatments (0, 60, 120 and 180 ffigatment gave the highest seed cotton yield of 2749 kg/
N/acre) were applied in 1996 and three N rates (0, g@ (2445 Ib/acre) and the greatest fertilizer N uptake effi-

120 Ib N/acre) in 1997. Higher cotton emergence wgiency (35%). Results indicate that the detrimental ef-
obtained on conventional row width in strip till than UNR€CtS of traffic on N uptake efficiency may be reduced

Increased N rates generally increased number of boldjh conservation tillage systems and that higher fertilizer

plant for both row treatments with higher increase of bd)| @Pplication rates may not be needed for conservation
number in conventional row width when compared to UNR!12ge practices such as strip-till in Coastal Plain soils.
Significantly higher yields of cotton were obtained for 1he objective of this research was to compare mini-

UNR when compared to conventional rows with the higf?um and conventional tillage for cotton planted in 36-in.
est lint cotton yield on UNR at 120 Ib N/acre. and 7-in. row spacings with different N rates on cotton.

INTRODUCTION MATERIALS AND METHODS

Cotton production has increased rapidly in Florida, from '"€Se studies were conducted on a Dothan sandy loam

49,000 acres in 1991 to 98,000 acres in 1996 with tHi&1e, loamy siliceous, thermic Plinthic Kandiudults) lo-
production of 73,000 bales (1 bale = 480 Ib) in 1991 ﬁ;\ted on t.he NFREC,_ Quincy, Florida, in 1996 and 1997.
130,000 bales in 1996. According to Touchton and ReevEE experimental design was a randomized complete block
(1988), conservation tillage systems have a beneficial ¥ith four replications. Plot size was 40 by 12 ft for con-
fect on cotton production in the sandy coastal plain sofgntionally planted cotton and 40 by 20 ft for UNR cotton
of the southeastern states, but the formation of tillade1996 and 20 by 6 ft for all plots in 1997.
pans due to soil compaction has also been recognized &xjperiment Conducted in 1996
possible limitation in these soils. Torbert and Reeves paymaster 1244 Roundup Ready/Bt (RR/Bt) cotton was
(1991) showed that, in years of below-normal rainfall dugjanted in UNR following wheat in no-till with the Great
ing the growing season, strip tillage (no-till plus in-rowplains no-till drill at 2 seeds/ft of row (7-in. row spacing)
subsoiling) was found to maintain the highest seed cottgAd with a Brown Row-till implement and KMC planters
yield. Fertilizer-N application had no effect on cottot 3 to 4 seeds/ft of row (36-in. row spacing) 12 July
yields in an extremely dry growing season, suggesting th&96. On 9 August cotton was side-dressed with 60 and
the beneficial effect of N fertilizer may be limited unde120 Ib N/acre (treatments with the rate of 180 Ib N/acre
such conditions. got only 120 Ib N/acre) using a Gandy Fertilizer spreader
Studies conducted near Stoneville, Mississippi, on t8@ UNR cotton and an FP Fertilizer spreader on 36-in.
UNR cotton showed no effect of row spacing on seegws. An additional rate of 60 Ib N/acre was applied on
cotton yields (Heitholt et al., 1993). The results suggaske treatment with 180 Ib N/acre 4 September. Cotton was
that some agronomic traits of cotton might be expectedggadcast sprayed with Roundup at 1 pt/acre + Induce at 1
be similar regardless of row spacing; therefore, managg s gal HO 20 August. On 16 September cotton was
ment practices, such as recommendations for the rate Bashdcast sprayed with Dipel ES at 1 pt/acre + Lannate at
S 1 pt/acre to control the fall armyworms on cotton. Cotton
* Wiatrak, Wright and Kidd, North Florida Res. and Educ. Center, Quincyyas defoliated with Prep at 2 pt/acre + Harvade at 0.5 pt/

FL 32351-9529. Pudelko and Koziara, Agric. Univ. Inst. of Soil Cult. and :
Plant Prod., Mazowiecka 45/46, 60-623 Poznan, Poland. acre + RoundUp at 0.5 pt/acre + crop oil at 1 pt/acre 30
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October and with Prep 1.5 pt/acre + Harvade at 0.5 pt/acrePlant height was not significantly different for any ana-
+ crop oil at 1 pt/acre 13 November. lyzed treatment in 1996. In 1997, significantly taller plants
Cotton stand and boll number were obtained by coumtecurred on the conventional rows as compared to UNR
ing plants and bolls on two 10-ft-long rows in convention3.76 and 2.53, respectively), and heights increased with
ally planted cotton and a 6C firea on UNR cotton. Planthigher N rates (3.00, 3.08 and 3.35 at 0, 60 and 120 |b N/
population was calculated per acre. Yield was not takaore) (Table 5).
due to the late planting and early frost. Higher rates of N generally increased number of bolls
for both row widths with higher boll number per plant in

Experiment Conducted in 1997 ) )
gnventional row width at 0, 60 and 120 Ib N/acre (1.8,

Before cotton was plant.ed, Wheat. was mowed f“”.“ t@. and 6.5 bolls/ plant in 1996 and 10.2, 13.9 and 14.2
entire study. The conventional section of the experlmeg

. L y ;holls/plant in 1997, respectively) as compared to UNR
was disc-harrowed and s-tine harroyved. Fernhzer 5-1 8, 1.1 and 1.6 boll/plant in 1996 and 3.9, 4.7 and 5.8
15 at 500 Ib/acre was broadcast applied on the entire sth : .

ofls/plant in 1997, respectively) (Table 6 and 7). How-
6 June. The same day, Paymaster RR/Bt 1244 cotton WJar, the rate of 180 Ib N/acre significantly decreased
planted in the UNR section with a Great Plains no-t" o 9 y

drill at 2 seeds/ft of 7-in.-wide rows and the 36—in.—widgurnber of bolls when compared to 120 Ib N/acre on con-

. - entional row spacing (from 6.5 to 4.4 boll/ plant) in 1996.
row cotton was planted with a Ro-till implement and kmc In 1997 Iintpyieldg E/vere significantly higher Ln UNR
planters at 3 to 4 seeds/ft of row. On 19 June 19 anqhs '

July, cotton was broadcast sprayed with Roundup Ultra A on conv_entlonally planted cotton (1076 a_md 786 lo/
. acre, respectively) (Table 8) and were also higher at the
1.5 and 1 pt/acre, respectively.

Karate at 4 oz/acre + Agridex at 1 gt/acre was applia plication of 120 Ib N/acre as compared to 0 and 60 Ib

19 August and 3 September to control the insects. Onl_flcre (1041, 876 and 875 Ib/acre, respectively) in 1997,

August, cotton was broadcast sprayed with Pix at 8 Ozrt)e(i/r&:/;acsr;oss;gntf:gari];lgqfluence of tillage systems and
acre + Agridex at 2 pt/acre. A second application of Pix R P yield.

12 oz/acre + Agridex at 2 pt/acre was made 27 August. CONCLUSIONS
Two N rates at 60 and 120 Ib N/awrere applied on UNR  p|gnt population was higher on UNR as compared to

cotton with a Gandy fertilizer spreader and on conveganyentional row widths. Number of bolls per plant gen-
tional rows with an FP fertilizer applicator 8 August. g1y increased with higher N rates and was higher on
Cotton was irrigated with 0.5 in. B/acre 11 June, 28 .,yentional rows than on UNR. Higher yields of cotton

August, 23 September and 8 October. The entire stygre gptained at higher N rates and were higher on UNR
was defoliated with Prep at 1.5 pt/acre + Dropp at 1/6 b/ compared to conventional rows.

acre + Harvade at 8 oz/acre + Dash at 1 pt/acre + Finish at

1.5 pt/acre 21 October. On 10 November cotton was picked LITERATURE CITED

from the UNR section of the experiment with a strippedeitholt, J.J., W.T. Pettigrew and W.R. Meredith, Jr. 1993. Growth,

harvester, and the next day the 36-in.-wide cotton rows boll opening rate, and fiber properties of narrow-row cotton.

were picked with an International 782 spindle picker. The Agron.J.85:590-594.

lint cotton yield from the sections picked with a spindI€AS Institute Inc. 1989. SAS/STAT user’s guide, version 6, 4th ed.,
picker and stripper harvester was calculated as 38% and VOl 1 and 2. SAS Institute Inc., Cary, North Carolina.

31% of the seed cotton yield, respectively. Torbert, H.A., and D.W. Reeves. 1991. Yield response and nitrogen

- . requirement of cotton as affected by tillage and traffic. pp. 98-
Data were analyzed using SAS (1989.) by _anal){5|s of 10qZ.In:Proc. Southern Conservatio?l] TillggeConf.Juneplp&ZO,
variance, anq means were separated usmg_Flshers Leastyorth Little Rock, Arkansas.
Significant Difference Test at the 5% probability level. Torbert H.A, and D.W. Reeves. 1994. Fertilizer nitrogen
requirements for cotton production as affected by tillage and
RESULTS AND DISCUSSION tr;fﬁc. Soil Science Socie‘iy of America 58(5):1416)-/142??

In 1996, cotton emergence (Tables 1 and 2) was Si@uchton, J.T., and D.W. Reeves. 1988. A Beltwide look at
nificantly higher in the conventional row width in strip-till conservation tillage for cotton. pp. 36-4ih: Proc. 1988
than in UNR in no-till (60.9 and 46.7, respectively). How-  Beltwide Cotton Production Conf., Highlights of Cotton
ever, there was no significant difference among N rates. Production Res. Conf. Jan. 3-8, New Orleans, Louisiana.
In 1997, emergence was not different for either row width National Cotton Council of America, Memphis, Tennessee.
or N rates. Plant population was higher on UNR cotton as
compared to conventional row width in 1996 and 1997
(65000 and 30900, 95700 and 31200, respectively) be-
cause of the higher planting rate on the UNR than 36-in.-
wide rows (Table 3 and 4).
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Table 1. Emergence of cotton at NFREC,
Quincy, Florida, in 1996.
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Table 5. Plant height of cotton at NFREC, Quincy, Florida,

in 1997 (No significant differences in 1996).

Nitrogen rate (Ib N/acre)

Nitrogen rate (Ib N/acre)

Row width 0 60 120 180 Avg. Row width 0 60 120 Avg
in. e % EMENJENCE --—----mm-mmmmeemmmmm in. ft
36 63.9 58.6 575 63.6 60.9 36 3.53 3.77 3.97 3.76
7 47.1 46.5 46.2 47.0 46.7 7 247 2.40 2.73 2.53
Avg. 55.5 525 51.9 55.3 53.8 Avg. 3.00 3.08 3.35 3.14
LSD(O.US) for row width 6.69 LSD(U.OS) for I’(?W width 0.197
LSDy s for nitrogen rate NS LSD, o5 for nltroggn rate _ 0.241
LSD 405, fOr row width x nitrogen rate NS LSD,, ., for row width x nitrogen rate NS
Table 2 Emergence of cotton at NFREC, Table 6. Number bolls on cotton at NFREC,
Quincy, Florida, in 1997. Quincy, Florida, in 1996.
Nitrogen rate (Ib N/acre) Nitrogen rate (Ib N/acre)
N L e S— in. e bolls/plant----------------
36 57.1 66.7 60.3 61.4 36 1.8 3.3 6.5 4.4 4.0
7 67.1 74.1 64.8 68.7 7 0.8 1.1 1.6 1.3 1.2
. LSD,, ., for row width 0.70
LSD,, ., for row width NS (0.05)
(0.05) R
LSD,, for nitrogen rate NS tgg(aos ;or nltrogggtr:ate " . 222
LSD(O‘OS) for row width x nitrogen rate NS (0.05 TOT TOW WICth X nitrogen rate :
Table 3. Plant population of cotton at NFREC, Table 7. N“”?ber bltz)llls_gn c_ottlogngs;t NFREC,
Quincy, Florida, in 1996. Quincy, Florida, in :
. Nitrogen rate (Ib N/acre)
Nitrogen rate (Ib N/acre) )
Row width 0 60 120 180  Awg. Row width 0 60 120 Aqg
1 thousands/acre------------—--- L — bolls/plant:---------------
36 325 29.8 29.2 32.3 30.9 376 ]éoéz 14379 154 82 14258
7 65.7 64.8 64.4 65.5 65.1 Av 7'0 9'3 10' 0 ’
Avg. 491 473 468 489 480 9. " : :
- LSD(U_OS) for row width 1.02
LSD ) for row width 7.75 LSD,q 4, for nitrogen rate 1.25
LSD, for nitrogen rate NS LSD,, ,, for row width x nitrogen rate ~ ns
LSD,q s for row width x nitrogen rate NS ©.05)
) Table 8. The lint yields (Ib) of UNR vs. conventionally planted
Table 4. Plant _populatlo'n of'cotton at NFREC, cotton at NFREC, Quincy, Florida, in 1997.
Quincy, Florida, in 1997. - - - -
- Row spacing - 7 in. Row spacing - 36 in.
Nitrogen rate (Ib N/acre) Strip-
ROV‘_' width 0 60 120 Avg Nrate No-till Conv. Avg. till Conv. Avg. Awg
n. e thousands/acre----—--—--— Ib/acre N rate N rate
36 200 339 307 312 0 87 1176 1001 826 677 751 876
7 936 1033 903 957 60 983 1046 1014 772 698 735 875
Avg. 613 686 605 635 120 1196 1227 1212 788 953 871 1041
LSD s, for row width 14.6 Avg. 1002 1150 1076 795 776 786 931
LSD,, ., for nitrogen rate NS } }
(0.05) X . LSD, for row spacing 97.7 LSD for tillage ns
LSD(O‘os) for row width x nitrogen rate NS LSD:ZZZ; for N 119.6 LSD:ZZZ; for row spacing x tillage ns
LSD(O%) for row spacing x N ns LSD(O%) for tillage x N ns
LSD(O o for row spacing x
tillage x N 293.3
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COMPARISON OF BT CORN TO NON BT USING STRIP TILLAGE
AT FOUR PLANTING DATES

D.L. Wright, P.J. Wiatrak, D. Herzog, J.A. Pudelko and B. Kidd

ABSTRACT bohydrates needed to maintain desired rumen function in

his research was conducted in 1997 on a DothBjgh producing dairy animals (Johnson, 1991). It can be
I sandy loam (fine, loamy siliceous, thermic Plinthi€onsistently harvested and stored with only minimal loss
Kandiudults) located at the North Florida Resear nutrients and dry matter. Corn is an outstanding, de-

and Education Center (NFREC), Quincy, Florida. The oB€ndable crop when grown under irrigation when planted
jectives of the study were to determine if Bt corn offef@"y in the deep South and is very adaptable to harvesting

an advantage over temperate and tropical corn in late plat-mechanical systems.
ing, to compare silage and grain yields of corn over plant- Wright et al. (1991) showed that temperate corn planted

ing dates and to monitor insect pressure of corn at eddfgarly spring yielded more than tropical hybrids in both
planting date. Tropical corn gave satisfactory grain a¥@in and silage. As planting dates were delayed, more

silage yield, but grain yield dropped significantly after 1Eeliable silage and grain yield were obtained from tropical

May. Temperate corn was devastated by insects in Jm@rids because of better tolerance to insects and disease
1991). Corn developed in the tropics is

and July planting as compared to Bt and tropical coffy'right et al., 199: \ . :
Yields of Bt corn silage and grain were lower at |até]aturally more resistant to. insect and dlsgase (Martin,
planting probably due to diseases rather than insects, begL) than cormn developed in temperate regions.

this hybrid showed potential for late planting as compared Fall armyworm Bpodoptera frugiperddJ. E. Smith)]

to temperate corn. Tropical corn had more insect damﬁ@renkel, 1991) and corn earwortielicoverpa zeR

than Bt corn did but less disease, which allowed the troitnderson and Linker, 1991) are among the most com-
cal to grow to maturity. mon insects in corn and have the potential to adversely

affect yields (especially late-planted crops). High non-
INTRODUCTION economical rates of insecticides are needed to control

The Southeast imports more than 50% of grain used gy} armyworms because the larvae feed in the whorl or in
livestock from the Midwest. Farmers need corn varietiéde ear. Research has shown that it is possible to avoid fall
that could be planted until 15 June to take advantageafyworm damage by early planting (Teare et al., 1991).
weather, to allow double cropping after wheat, winter graz- The objectives of the study were 1) to determine if Bt
ing and winter vegetables and to have resistance to ins&é&i&) offers an advantage over temperate and tropical corn
and diseases. Corn is planted in Florida from 15 Februdylate planting and 2) to compare silage and grain yields
to 15 April, at which time it is discontinued due to falPf corn over planting dates and to monitor insect pressure
armyworms, corn earworm and diseases (rust, leaf blighf.corn at each planting date.

Having a Wide_planting window wog_ld a}llow better use of MATERIALS AND METHODS

silage and grain storage, better utilization of planting and ) )

harvest equipment, spreading of labor to slower periods, "€ €xperiment was conducted in 1997 on a Dothan
better utilization of land and irrigation by multi-cropping@ndy loam (fine, loamy siliceous, thermic Plinthic
and longer use of winter forages. Tropical corn has so andiudults) at the North Florida Research and Education

insect tolerance, generally good shuck coverage and g&éater: Quincy, Florida. Three varieties of Pioneer corn
e used to plant in the strip tillage: 3098 (tropical corn),

disease resistance. Hybrids that are full season (125 d %
usually yield better and have better disease resistance 3hgt3 (Bt corn) and 3223 (temperate corn). Comn was
|anted 21 April, 15 May, 16 June and 7 July. Prior to

better shuck coverage as is found in tropical corn. Bt cdhnte ) ) -
would be useful for insect control for late plantings. ~ Planting, rows were ripped with a Ro-till implement, and

Comn is recognized as the “queen” of silage crops ghe entire study was broadcast sprayed with Roundup Ultra

cause it is energy-rich for cattle and has high tonnage &idl dtacre + Induce at 2 qU100 gal of water. Fertilizer

high proportions of digestible nutrients and structural ca#/@S Proadcast applied at 500 Ib/acre of 5-10-15 before
planting. All three varieties were planted with a cone planter

at 24,000 plants/acre with the application of Thimet 15 G.
1D. L. Wright, P. J. Wiatrak, D. Herzog, and B. Kidd, North Florida Res. afdorn was broadcast sprayed with atrazine at 1 gt/acre when

Educ. Center, Quincy, FL 32351-9529; J. A. Pudelko, Agric. Univ. Inst. of S@ilywyas 5 in. tall and side-dressed with 450 Ib/acre of 34-0-
Cult. and Plant Prod., Mazowiecka 45/46, 60-623 Poznan, Poland.
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0 when corn was 12 in. tall. Corn was harvested for silaB@oneer 3223 corn were higher when planted 21 April
with a Hesston silage chopper, and the yields were ddan when planted 15 May, 16 June and 7 July. There was

justed to 35% DM. Corn for grain was hand harvestedot a significant difference among hybrids for grain yield

weighed and adjusted to 15.5% moisture. when planted 21 April. Higher yields were obtained for
Data were analyzed using by analysis of a variance ptmpical corn and Bt corn than for temperate corn when

cedure (SAS, 1989), and means were separated ugifanted 15 May. Grain yields were significantly lower when
Fisher’s Least Significant Difference Test at the 5% proptanted 16 June. The highest yielding hybrid for this plant-
ability level. ing date was Pioneer 3098, which was greater than Pio-
neer 31B13 which was greater than Pioneer 3223. If the

RESULTS o . .
last planting is compared, higher yields occurred from

Total fall armyworm larvae in the whorl was lower fokropical corn than Bt corn or temperate corn.
Pioneer 31B13 (Bt corn) on all dates measured than for
SUMMARY

Pioneer 3223 (temperate corn) and Pioneer 3098 (tropi-
cal corn) (Table 1). The highest average number of fall Tropical corn gave satisfactory silage yield until early
armyworms was recorded for 16 June and 7 July, addly, while grain yield dropped significantly after mid-
Pioneer 3223 had the highest population of the hybridday plantings. Temperate corn was devastated by insects
The number of fall armyworms did not differ among corim June and July planting as compared to Bt and tropical
hybrids planted 15 May. Whorl injury was highest for Piccorn. Yield of Bt corn silage and grain was lower at later
neer 3223 as compared to Pioneer 3098 and Pionpkanting dates, largely due to diseases rather than insects,
31B13 for all planting dates, with the highest injury obut this hybrid showed potential for late planting as com-
corn planted 16 June and 7 July (Table 3). pared to temperate corn. Bt hybrids had less insect dam-
Total population of larvae in corn ears is shown in Tab#ge than tropical hybrids and as later maturity hybrids are
2. There was not a significant difference for total larvae developed with good disease tolerance, satisfactory late
the ear for hybrids planted 21 April. The larvae populatigsiantings may be made.
was lower for Bt corn than for tropical corn planted 15
May. For the 16 June planting date, the Bt corn had more LITERATURE CITED
larvae in the ears than the other two hybrids. For theAl;derson,J.R,Jr.,and H.M. Linker. 1991. Tropical corn production:
July planting date, the Bt corn had fewer larvae than the 1N€ insect problem. pp. 45-46. Proc. Southern Regional
temperate hybrid. Tropical Corn Symp. Jgne 27-28, Qumcy, Florida.
Silage yields of corn are shown in Table 4. The yieléghnson, C.J. 1991. Tropical corn for silage. pp. 5k10Proc.

. L - Southern Regional Tropical Corn Symp. June 27-28, Quincy,
of Pioneer 3098 were not significantly different at the priga.

5% probability level for all four planting dates. Pione&yartin, W.K. 1991. Insect Tolerance. p. 4@: Proc. Southern
31B13 silage yields were highest planted 15 May as com- Regional Tropical Corn Symp. June 27-28, Quincy, Florida.
pared to corn planted before or after this date. The yielSS Institute Inc. 1989. SAS/STAT user’s guide, version 6, fourth
dropped significantly for Pioneer 3223 if planted after 15 edition, volume 1 and 2, Cary, North Carolina: SAS Institute Inc.,
May. There was not a significant difference for the silage 1989-1789pp. . .

yields for the first planting date (21 April). The yie|dSSprenkeI R.K. 1991. Tropical corn for silage. pp. 42#44Proc.

were higher for tropical corn and Bt corn when compared ?E)Lr’ifjhaem Regional Tropical Corn Symp. June 27-28, Quincy,

to temperate corn plamed 15 May_. For corn_planted %gare, I.D., D.L. Wright, R.L. Sprenkel, B. Stanley and D.P. Lilly.
June and 7 July, the yields were higher for Pioneer 3098 1991 Tropical com hybrids in a no-tillage system. pp. 92q97.

than for Pioneer 31B13 or Pioneer 3223. T.C. Keisling (ed.). 1991 Southern Conservation Tillage
Grain yields of corn are shown in Table 5. The yields Conference. Ark. Agric. Exp. Stn. Special Report 148.

of Pioneer 3098 were significantly higher planted 21 Apiright, D.L., |.D. Teare and R.N. Gallaher. 1991. Tropical corn for

and 15 May as compared to the 16 June and 7 July plant- silage. pp. 15-20n: Proc. Southern Regional Tropical Corn

ing. Pioneer 31B13 planted 21 April yielded more grain Symp.June 27-28, Quincy, Florida.

than 15 May, 16 June and 7 July planting dates. Yields of

96



ProceeDINGS21sT ANNUAL SOUTHERN CONSERVATIONTILLAGE CONFERENCEFOR SUSTAINABLEAGRICULTURE

Table 1. Total larvae of fall armyworm in the whorl at NFREC, Quincy, FL in 1997.

Corn hybrid
Planting Pioneer 3098 Pioneer 31B13 Pioneer 3223
Date (tropical) (Bt) (temperate) Avg. LSD, o
----------------- number larvae per plant----------------
April 21 0.25 0.03 0.23 0.17 0.158
May 15 0.15 0.06 0.21 0.14 NS *
June 16 2.16 1.73 459 2.83 0.812
July 7 1.03 0.90 6.31 2.75 0.955
Avg. 0.90 0.68 2.83 0.95
LSDy 05 0.386 0.686 0.781
* NS - not significantly different at 5% probability level
Table 2. Total larvae in the ear at NFREC, Quincy, FL in 1997.
Corn hybrid
Planting Pioneer 3098 Pioneer 31B13 Pioneer 3223
Date (tropical) (Bt) (temperate) Avg. LSD(O‘O@
----------------- number larvae per plant-----------------
April 21 1.26 2.06 1.29 154 NS *
May 15 0.29 0.14 0.09 0.17 0.108
June 16 1.30 2.69 1.39 1.79 0.670
July 7 0.78 1.88 3.28 1.98 0.390
Avg. 0.91 1.69 151 1.37
LSDy 45 0.315 0.777 0.433
* NS - not significantly different at 5% probability level
Table 3. Percent whorl injury on corn at NFREC, Quincy, FL in 1997.
Corn hybrid
Planting Pioneer 3098 Pioneer 31B13 Pioneer 3223
Date (tropical) (Bt) (temperate) Avg. LSD, )
0,
April 21 15.0 0.30 244 13.2 15.70
May 15 331 6.12 51.2 295 23.53
June 16 68.0 12.7 86.4 55.7 8.48
July 7 87.0 58.9 96.2 80.7 13.50
Avg. 50.3 195 64.5 44.8
LSDy 05 16.30 6.58 16.29
Table 4. Silage yields of three corn hybrids over four planting dates at NFREC, Quincy, FL in 1997.
Corn hybrid
Planting Pioneer 3098 Pioneer 31B13 Pioneer 3223
Date (tropical) (Bt) (temperate) Avg. LSD(O‘O@
T/acre
April 21 17.2 16.2 15.9 16.4 NS *
May 15 22.0 18.9 15.2 18.7 4.64
June 16 19.8 13.2 6.0 13.0 2.89
July 7 16.7 9.2 4.4 10.1 1.20
Avg. 18.9 144 104 14.6
LSDy 05 NS 157 213
LSD,q s for planting date 1.53 LSD,; 5 for corn hybrid 1.32

LSD, for planting date x corn hybrid 2.65

(0.05)
* NS - not significantly different at 5% probability level
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Table 5. Grain yields of three corn hybrids over four planting dates at NFREC, Quincy, FL in 1997.
Corn hybrid
Planting Pioneer 3098 Pioneer 31B13 Pioneer 3223
Date (tropical) (Bt) (temperate) Avg. LSDg5)
bu/acre

April 21 133.3 129.9 122.2 128.5 NS *
May 15 127.3 107.8 82.5 105.9 4.64
June 16 835 46.1 7.9 45.9 2.89
July 7 87.5 42.7 3.6 44.6 1.20

Avg. 107.9 81.6 54.1 81.2
LSDy 05 14.9 16.8 15.0

LSD ;¢ for planting date 8.00

LSD 4 45, for corn hybrid  6.93
LSD,, 4, for planting date x corn hybrid 13.85

* NS - not significantly different at 5% probability level
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