5 of tillage systems and cover crops on
n ‘of cotton on a Gigger silt loam soil;
rch Station; Winnsboro, LA, 1987-1288,

Plant
Popilation

i 2=-Yeaxr
1987 1988 - Average
~plants/acre % 1000~
No Cover Crop 26.0 56,2 41.1
Crimson Clover 23.7 49,2 36:4
Hairy Vetch 25.0 54,1 39.5
Wheat 302 47.9 39.0

Covexr Crop

No Cover Crop 25.2 22,1 23.6
Crimson Clover 22.5 40.0 31.3
Hairy Vetch 2102 26.0 23.6
Wheat 32.8 42.3 37.6

No Cover Crop 25.2 174907028
Crimson Clover 26u6 9.3 18:0
Hairv Veteh 20.86 9.5 15.0
Wheat 31.2 31.4 3153

§8 cover crops
26.2 - 51.8 39.0
25.4 32.6 29.0
25,9 17.0 21.5

- acrogs tillage systems
No Cover Crop 25,4 321 28.7
Crimson Clover = 24.3 32.8 28.6
Hairy Vetch 223 29.8 260
31.4 40.5 36.0

lilage Systems

RD TRAFFIC RESEARCH WITH A WIDE FRAME
OR COTTON DOUBLE=CROPPED WITH WHEAT
Reeves, C,B. Elkins, H:H. Rogers,
J,B. Powell, and 8.A. Prior
I Agronomist, $6il Scientist, Plant
Research Leader, and Plant Physiclogist,
ely: USDA, ARS, National Soil Dynamics
Laboratory, Auburn, AL
&bstract
S af  the  tramline system’ in  cereal
d extrapolation of research results using
tors have generated interest in the use
: yehicles ~(spanners or ~gantries) for
o1l compaction problems, A fileld study
i 1987 on a compactible Typic Hapludult
veloped tillage pan to study the effects
and- tillage systems on soil properties and
ance in a wheat-cotton double-ckop system.
e tractive vehicle (WFTV) that allows fov
C untrafficked research plots was utilized
p cotton "McNair 220" with wheat "Coker
experimental design was a split-plot with
“ Main plots were: 1) Conventionally
4 2) mero~traffic. Subplots were tillag
- sotton: 1) Complete surface tiliage
s0iling, 2) Compiete su¥face tillage and
ow. subsoiling (16-inch depth), 3) Complete
e with one-time only conplete disruption
an, and 4) No strface tillage but planted
W subsoiling  (strip-tillage). Regidual
Gtton tillage were determined for wheat.
g Timited seed cotton yields in 1987 and
ther traffie nor tillage had an effect on
"yield in 1987 (average 896 1b/A). ‘There
jcant traffic ¥ tillage interaction on
vield and seed cotton yield in 1988,
vesulted in an average wheat vield of 79
in zero-
ots. in trafficked ‘plote, subsoiling
an average grain yield of 54 bu/A, & I2%
from  not subsolling. In-rew subsoiling

resulted -in maximum seed cotton yield (1580 1b/A) in
zero traffic plots -and lowest yield (1140 1b/AY in
trafficked plots. with subsoiling, geroe  traffic¢
promoted earliness. Strip~tillage in trafficked plots
delaved maturity. = Preliminpary results, if repeatable
in the long term, indicate that contrelled traffic may
pe beneficial in double-cropping cotton, but that
other systemsg, e.qd.; strip~tiliage, would be feasible
in a wmonocrop system with a longer growing season.

Introduction

Soil ~compaction  has long been recognized as a
problem in. cotton production,  especially on sandy
Coastal Plain soils. Bowen (1981) reviewed a number
of methode for alleviating soil compaction. These
included deep plowing, subseiling, chiseling, crop
rotations, and controlled traffic. Dumag et al.
(1973} evaluated systems utilizing controlled traffic
and deep tillage (subsoiling) for cotton production.
They found that deep tillage, regardless of traffic,
resulted ~in  larger cotton plants. Without deep
tillage, contrelled traffic resulted in.a 9% increase
in plant height. Both deep tillage and controlled
traffic were necessary to obtain maximum yleld (4214
1b/A  seed cotton). Colwick et al. (1%81) reported
that controlled traffic beds tended to result in vield
decreases on a lLeeper ‘silty ‘¢lay loam (Vertic
Haplaquept) . The yield reduction may have been due te
less efficient ‘water - infiltration on controlled
traffic.  beds. Williford (1982, 1987) '~ wmodified
conventional eguipment to establish traffic zones: and
permanant beds for cotton. On a Bosket very fine
sandy  “loam “(Mollic - Hapludalf), annual subsoiling
increased yields in 5 of 6 years. However, subsoiling
was  not necessary in the c¢entrolled traffic system.
vields = from ~the gubsoiled conventional~trafficked
system and the nonsubsoiled controlled-traffic system
were equivalent.

Although, resesrch with controlled traffic has
focused on interactions with deep tillage, i.e.,
subsoiling,  there is a critical need Yot 1)
investigate tillage gystems that wutilize controlled
traffic: and 2) ‘to compare conventicnally-trafficked
tillage . systems, including conservation  tillage
systems, to systems that utilize controlled traffic as
a component .

The development of early maturing cotten and wheat
cultivars has introduced -an alternative  ¥o - ‘the
traditional wheat-soybean double-crop system in the
Southeast (Baker; 1987). Timeliness of operations in
a wheat-cotton saystem is critical, as windows for
planting and  bharvesting are narrow. Controlled-
traffic systems, with permanent traffic lanes, offer
wider windows for operations, making this systew more
feasible.

one  hundred thirty years ago, in England, Clarke
(1859) recognized the value of a "wide-spanning stage
or platform® tillage system; develeoped Dby P. A
Halkett, for preventing soil compaction by "men,
implements, horses, or tractive power®. Other
advantages for the spanner system were timeliness and
precision of applying cultural practices. The advent
of the tramline system  in cereal production and
extrapolation  of yesearch results using wmodified
tractors have regenerated interest in the use of wide-
span vehicles (spanners or gantries) for reseaiching
soil compaction problems. —The USDA< Rational Soil
bynamics Laboratory has recently b
program with. a wide frame tragtive 3
The WETV allows for 20-ft. wide, untrafficked reses
plots (Fig. 1). A detailed description of the vehicle
and its capabilities has been published (Monroe and
Burt, 1987},

A wheat-cotton double-cropping system was chosen to
efficiently utlilize the WFIV's research capabilities.
Commercial development of wide-frame spanners would
reguire an intensive cropping system with high returns
te offset the high initial cost of the machine.

Intensively  managed = wheat, and cotton . offer
potentially high returng. Wheat and cotton, both
respond to deep tillage on compactible soils, and
deuble~cropping  them provides an  opportunity for
research on both a fibrous (wheat) and tap-rooted
{cotton) <crop. :




A fleid study wag initiated in June of 1987 at the
Alabampa  Hgricultural Ewperiment Statlon,  Auburn
University; Agricultural Engineering Research Farm at
Shorter, AL. The soil is a ¢Cahaba-Wickham-Bassfield
sandy loam complex (Typic Hapludult). Cation exchange
capacity (C.E.C.) and erganic matter for the test
site averaged 6,31 ‘meq/100 g, and 1.19 %,
respectively. Initial pH waes 5.93. Initial P and K
averagad 118 and 108 .1b/A, respectively. Lime (1
ton/h) and K (66 1ib/A) were applied in April 1987.
The site has a well develaped 3-to-6-inch  thick
hardpan from 8 to 12 inches deep. To reduce
varistion, an effort was made to form a uniform
hardpan at the & inch depth by yunning a motor grader
repeatedly in plowed furrows incrementally across the
experinental site: :

The experimental design was ‘a split-plot with 4
replications. Main plets were: 1) Conventionally
trafficked and 2) Zero-traffic. Subplots were tillage
gystems for wcotteén: 1) Complete surface tillage
without subseiling, 2) Complete sdrface tillage and
anpual in-row subseiling (16-inch depth), 3) Complaete
surface tillage with one~time only complete disruption
of tillage pan, and 4] No surface tillage but: planted
with in-row subsoiling (strip-tillage). Main plots
were 20-ft wide and 600~ft long; divided into 150 ft
gections for - subplots. Complete surface tillage
consisted of disking, chisel plowing (8~inch depth),
disking, and field ocultivating. = The one-time only
complete disruption was in November, 1987 prior to
planting the first wheat crop. These plots were
subsoiled te a 20-inch .depth on 10 inch centers, using
a V~ripper. The strip-tilled cotton (Treatment 4) was
planted into wheat stubble with a KMC in-row subsoiler
planter,

Subplot treatments (tillage treatments) were imposed
on - cotton  only.. The residual effects of  these
treatments were detarmined on wheat. After harvesting
cotton, stalks were mowed, all plots were disked,
chisel plowed (8-~inch depth), disked, and field
cultivated to prepare for planting wheat.

Cotton, "McNair 2207, was seeded on 30—inch rows, at
90,000 seed/A, on 24 June. Planting was delayed from
the proposed date of 1 June due to the WFTV still
being in a state of development. In conventionally
tyafficked plots, primary tillage operations were with
a Jobn Deere 4440 tractor. Secondary operations,
i.e., cultivating, planting, spraying, etc. were domne
with the WFIV and the 4440 or a Hi-boy sprayer driven
through the plots to simulate traffic that would have
been applled by each operation. A liguig starter
fertilizer (18-18-0) to supply 23 1b N/A and 10 1B P/A
was banded over the row at planting. At first square,
7¢ 1o N and 13 1b §/A (ammonium nitrate-ammonium
gulfate blend) was broadeast on -all plots, ALl
operatione were set Up to be done with 4 row
aquipment. Recommended cultural practices for insect
and weed control were used througheut the season on

This crop initisted the cropping system experiment.
Therefore, the complete set of tillage treatments
could mot  be imposed this year. All  plots were

ace tilled, and treatments with in-row subsoiling

: PO ware planted with an in-tow subsoiler.
Thus, ‘with this initiation crop, tillage treatments 2
{conventional surface tillage with in-row subsoiling)

4 (strip=till wers both rface  tilled.
Treatments 1 and 3 were not subisoiled. : o

plant samples for dry weight determination were

taken every 2 8 after nting.

¢

- Wheat=1988

Following éotton harvest, stalks 'were 'mowed and
raked %o the end of ‘plots with a field cultivator.
Thie was done to facilitate the use of ‘a 4-inch drill,
Plots were disked &nd o V-ripper was ‘used  to
completely disrupt the hardpan in tillage treatment 3.
A1l plots were then disked, and leveled with a field

‘prior to  planting  wheat.

cultivator. - On 23 Novembey, wheat (Coker 973
seeded at 220 Ib/A (20 seed/ft row) with a Map
drill in 4 inch row widths. At planting, 26 1b
i P, 130 1b K, and 25 1b § were broadcast. :
wae managed intensively with traffic
appropriate plots for 2 additional N applicatiqg
and 64 1b N/ac), 2 fungicide applications an§
insecticide application for Hessian fly. 7o
pattarns were uniform for these applications.

At anthesis, eoil water was monitored in pos
relative to traffic patterns in all plets usin
domain reflectometry = (Topp, 1987).
harvested 3 June with a plot combine suspends
the WPTV. Grain yield was standardized to 13%
moisture.

Cotton-1988

A forage harvester was used to mow wheat st
inches high) and a hay rake was used to rake str
the plots: Although wheat wag harvested with
proposed window  for the double-cropping sysg
drought - -delayed planting. An intensive or
system  utilizing a. WFTY would certainly r
irrigation to wmaximize productivity. Irrig
incorporated - into  the  research . plan, - but
jrrigation system was not operable until 15 Jup
this date, 1 inch of water was applied to th
area, and on 17 June McNair 220 cotton was se
inh 1987. An 8 row subsoiler-planting unit was u
plant all plots. = Subsoller shanks were droppe
the unit for appropriate treatments. A liguid s
fertilizer 'was applied over the row to supply 3
and 49 1b P/ac. . At first square, 76 1b ¥ and
878 was banded beside the row.

This second cotton crop.was the first to incor
all tillage treatments in the design. The &
pattern  for trafficked plots. was based -on
equipment.

Plant samples for dry weight determinatio
taken every 2 weeks, starting 4. weeks after pla
Soil water was monitored (same system as with
beginning at first sguare and extending until 2
before harvest, Cotton from 100 £t of row wa
picked on 3 Novembsr, and unopened bolls were cg

Initial Cotton Crop=1987

Generally, plant growth {dry matter product
increased with gero-traffic, with most of tha:
being observed during the early portion of the ¢
season (data not shown). Seed cotton yields
due to the extremely late planting date and d¥
Seed cotton yields  for zero and trafficked
averaged 960 and 831 1b/a, respectively (P £ 0

Although svbseiling significantly increa
matter production throughout most of the o
season (data not shown), it had little effsct
cotton yield. Seed cotton yields averaged 884 2
Ib/A with and without in-row subsoiling, respec
(P < 0.76).

There was @ a ‘3§nificant traffic X
interaction (P < 0.07) for uneopened bolls
harvest. Subsoiling had no effect on the n

unopened bolls in zero-traffic plots (averag

unopened  bolle/aj. In trafficked plots,
subsoiling resulted in more unopened bolls (30
14,000 bolls/a for subsoiled and nonsubsoile
respactively) i

Hheat -

-Tillage treatments imposed on  the previou
crop (in-row subsoiling or no in-row subsol
the complete disruption of bardpan just .
planting wheat (tillage treatment 3) signi
interacted with traffic treatments. to affec
yvield {Pig. 2). Within gzero-traffic plots
subsoiling the previous cotton crop resulted:
equivalent to complete disruption of the til
¢subsoiling 20 inches deep on 10 inch. cente
In : trafficked
however, in-vow subsoiling the previous cot




yields 19 and o 11% - compared. . to . complete
s {tillage treatment 3) prior to planting
d not subsoliling, respectively.

er content of the 0 to 40 inch depth during
¢ from anthesis to maturity offers an
n for o the traffic X tillage intersction
‘graini yield (Flg. 3). Subsoiling cotton
il water in zero-traffic plots and reduced
ar in the trafficked plots. Crain  yield
a8 likely due to traffic and tillage effects
nfiltration, root growkth and  conseguent
raction, :

treatments affected eariy season plant
a - not: shown). Generally, dry matter
on until bloom was retarded by strip=tillage
sed by conventional tillage with in-row

[ 8 Traffic had no . effect on dry matter

planting date limited seed cotton yield.
assignificant traffic X tillage interaction
sead cotton yield (Fig. 4). Complete
Jlage with in-row subseoiling at planting
n maximum “yield in the zero-traffic plots,
- yield in the trafficked plots.  Within
ig plots, the initial subsoiling treatment
ng 20 inches deep on 10~inch centers prior to
heat = crop)  reduced  yields  compared  to
inerow at planting. In trafficked plots,
he initial ‘subseiling treatment increased
yield compared to complete surface tillage
eubsoiling at planting.

€3, ag ‘evidenced by the number of unopened

't after picking, was affected by a traffic X

interaction (Fig. ). Within tratficked

ional ~ surface tillage with in-row

rip-tiilage resulted in the greatest

sted bells. Without the benefit of

the nunber of unopen bolls was not

in dgeneral, with

F 2=4),; - zero-traffic

SAL This trend was also noted in 1987

tial ‘ootton crop. In trafficked plots, the

‘maturity with strip-tillage, evidenced by
ed bolls, was dramatic.

he cotton was planted 3 weeks behind
e potential yield { based on the number of
ed bolls and average seed cotton weight/boll)
Jated (Fig. 8). A comparison of Pigs. 5 and
e potential of strip-tillage in trafficked
Further reseaxch is needed to determine the
ns of this system because of its delay in
In a wheat-gotton double-crop system the
cwaturity may be too limiting. In a cotton
ing system, if the curvrent research results
. astrip=tiliage —system may be an
alternative for managing soil compaction
to the use of a WFIV. :

tillage treatment effect on

h  depth) during the 47 day

bloom {(Fig. 7). Rainfall

dragtically below normal.

s0il water. — Soll water in

al-gubsoiled  plots  (tillage

gspectively) were eguivalent.

ntent mantained in the strip~

Ly be attributed to greater

ioplants - due to - retarded

to . plants  in. surface~tilled

effect of wheat dtubble., The

‘ i e complete surface tilled

in-row subsoiling is likely due to more

raction of =0il water by larger plants with
nsive root systens,

Conelusiong

h. kate  planting severely depressed yields,
data suggest that controlled traffic, by
earliness, may be beneficial in a whaat-
dovble-cropping  system for soils of the
Coastal Plain that require subsoiling.  In a
lonocropping  system, with a longer growing

season, strip-tillage might offer yislds comparable to
controlled - traffic. The data also suggest that
subspiling  in conventional tillage systems = (with
surface  tillage) can  be detrimental to crop
performance of both fibrous~rooted c¢rops (wheat) and
tap-rooted crops (cotton). Firm conclusions from the
data cannot be made ‘at this time. This test is
designed. as & ‘long term experiment, in order to
properly assess the effects of tillage: and tratfic on
soil properties and crop performance. The WFTV isg yet
another tool to be used by scientists to address means
for understanding the effects of soil compaction; and
to develop technigues for ameliorating the limitations
that soil compaction imposes on crop performance.
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WIDE FRAME TRACTIVE VEHICLE
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Figure ). Wide Frame Tractive Vehicle (WFLV) wuwsed in soil
compattion reséarch at USDA-ARS Wational $oil Dynamics
Laboratery.




SPANNER WHEAT 1988
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Figure 2. Wheat grain as affected by traffic and tillage in
a wheat-cotton double-crop system. Not §§ = previous cotton
crop fot subsoiled; §§ prior cotton = previous cotton ‘crop
in=row subsoiled; and Initial 8§ = one-time only complete
disruption of hardpan prioy to plagting vheat,
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Figure 3. Average gofliwater (0-40 inch depth) from wheat
anthesis to maturity:  Not 85 = previous cotton Crop net
subsoiled, S5 prior cotton = previous cotton Crop in-row
subsoiled, and Inittal 88 = one-time only complete disruption
of hardpan prior to planting wheat.

SPANNER COTTON 1988
- SEED COTTON YIELD

$5 PRIOR COTTON
1
BYTIAL 88

Seed Cotlon

g

. ‘ S - L8 = 195 /A
b : ©:10)
Figure 4. Seed cotton yield s affected by traffic and
tillage in a wheat-cotton double-crop system, Not 68 =
conventional surface tillage, 85 pricr cotton = conventional
surface tillage with in-row subsoiling, Initial 55 = ohe €ims
only complete disruption of hardpan prier to ‘planting
pravious wheat crop, and Strip=till = nostill with In-row
suhsoiling inte wheat stubble.

SPANNER COTTON 1988
UNOPENED BOLLS

s 8

Unopened Bolls {bolis/A)
s
2
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0

NO-TRAFFIG - (0.10)

Figure 5. Unopen (unharvested) bolls as affected by traff
and tillage in-a wheat=cotten double-crop system.  Not 5§
conventional surface tillage, 'S§ prior cotton = “otivent Lon;
surface tillage with in-row subsoiling, Inirlal §% = . one-t
only complete disruption of hardpan prior to planting prev
wheat: crap, and Strip-till = no-till with In row subsoilin
Into wheat: stubble:

SPANNER COTTON 1988
POTENTIAL SEED COTTON YIELD

28 8

g 8

Potentlal Yield {Ib/A)
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Figure 6. Potential seed cotton yield as affected by tratf
and tillage in a wheat-cotton double-crop system. Not 8§ =
conventional surface tillage, SS prior COLLGH = convention
surface tillage with in-row subso: g, InLEial 88 = one~t
only complete disruprion of hardpan price to planting whea
crop, and: Strip-till = no-till wich insrow subsoiling inte
wheat stubble. :

SPANNER COTTON 1988
SOIL WATER
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Pigure 7. - Bffect of tillage system for cotton on average
801l water (0-40 inch depth) during bloom of cotton in a
wheat-cotton double-cropping system. Hot S§ = conventional
surface tillage, $S prior cotton = conventional gurface
tillage with in<row subsciling, Initi4l 8§ = one=time only
complete disruption of hardpan prior to planting previcus
wheat ‘crop, and Strip-till = no €111 with in-vow subseil
dnve wheat stubble.






