
4

N,,

'5 t

N ~

4 -.

* 4',
i',,'

2

'4
--- 4"
- ?t -k

t -~

t;9.

A

4 #tw

4%,-

$

41< S

~ ~
N

.' .'-

-.~ .-

- ~'- -r~ ~
4, AK ~

~1%

'S

~11~

tsr i, 2-'

k a 4 '



DIRECTOR'S COMMENTS

t (ii Xli IS I ii F ci FXXl~.ict i i111 ti ' l fiji W 11 tti f)I I t c till aii itilX

191111 i Iiii I-c Ick iht11 cIt i of ii I i lii itio1 11l la i ii IXto S i\ iii j)Iiiii

if'ill t 1 ill 1 sliii II wit i itilm ii i t c ti t iilcti s l o o

cli iit X it 1111I oii il. .11111 itil l i illiti lii

/k
i I I ii I (I o c tl ot ii d b\\\ittix ti X I t I titt

t IXw XIIc ithI 10111 i it] Iid il (I ,I \ is itcdi

I ('diI ii c tt liti l m Ii i t ill 1111li ii o\ 1

]I()\\ "ii illili itt titti (IrdXiiliiXs Iiitiii. GALE A. BUCHANAN

jii itjii ii l~ iii 11 ti i id i llIi iitl 4 II t io So\- iil iX ii111 i i ilI

iiit iili iisIIli X iiL ii iI ill\X ul ill tii ii ii ii Sml i Uiii tt, X lii

i1 llod l iiii tXX iti i i liids IoIli s" joltsitilti lo ,c ciii pw 1).\ iii ii i
Xli t I I Iii (I \tII( I i ti I X tI(\ iii kii o\ Xii i i \ i l I i it it t l t Ii I I111 oi it Ii (,ItIw S l(:o I tis\ -

XX li X u im ii IX is1  1,iis u "olii l iii co ll illl o iii j ilti lX lt

ull,t i ill I ril c itl \Ii li \\il "lc 1i1/llil l tii1  soiiiii I ~t I Ilii ii 111

W1 iiit IX, Xlii knill J i till clv ls e tald rl l so l(I

ii il i XXIII 1 w lic i X i i l hX's iWtttttt Xl liil~I(_( Xof

oh 11til iiioil tl( os X i l. It i sli itt
1  

lIii t at t h IIIil iLti l t~tit -t \ith A wic lli

Ii 11111lc ii ii c cliii j i ti ct i X iiI itXi itt d c i i 11111 ii1 li

s cl11111X. i ic w]iX ill lth(is it lii i il i ii II tiiLt , iiii l iiiiliiI

ONctso THE Il COVER: Herbacouse weedonrol o wdso. rmaicrls in colabIall
pine ols. si rp(Ii

ea'e 6tedaee..

I i XIII 1) 'Lt Ii lli itt i t .

1962 65 I Ic iiii toiri t 1975sso illa
,iiiititt I) tii ti 1( I X-itii il t o' tutuSt %.

it ittX 1111 Ii A lhitll lit ill of , 1 1 F iit IId'

liii~ ~~~I D~iXii iliiIti.~ Ciel'l XI i ticd

Illiiiiiii~li/tipill fi I e 11 II I (li )ct i lo.t

uI ' I I t (I\ii liii ( ilt 10 1)11 Itiai (1 ')1 I I lII I I ItI i"l

icAg"itl rof,( il tirl\ R lc arscut

FALL 1982 VOL 29 NO. 3

Ite I..Sit ili N "i ci. . . Xi uti (hi' lic ttl

tii Xii II t I l t ilt I II t\, u it ifi

( I, A1 . ~iti~ 'n If k s ~ t t \\u.. .... .. u. lictl

iTt F I ') liii X.. i.... i. Ass iijt i it cto)i

Xli It \ I iiiiiu St \1w . X I .i .x.. .. .VS f in t itti-

u'il ioi itii Id cisoicl ti li litlic X i I A.

.Ili.t11,1 s oia/ PlotIss l o ,11ti Ifl ,



Release from Hardwood Competition
Shows Dynamic Growth Response
in Young Loblolly Plantation

A MAJOR PROBLEM in Southern for-
estry is the control of hardwood species in
young pine stands. Most chemical pine re-
lease was accomplished with 2,4,5-T prior to
its 1979 suspension by the Environmental
Protection Agency. Much attention is now
being given to finding alternative release her-
bicides.

Hexazinone, sold under the trade name
Velpar Gridball@, is the only herbicide reg-
istered for pine release in all Southern
States. However, initial formulations of the
Gridball were found ineffective on small-
stemmed hardwoods common in young pine
stands.

Research is being conducted in Tallapoosa
County by Alabama Agricultural Experiment
Station scientists to test various hexazinone
formulations on small hardwood stems in a
1-year-old loblolly pine plantation. Treat-
ments evaluated included 1 cc and 1/2 cc 10%
pellets at 1.5 and 2.0 lb. ai per acre and 20%
granular at 2.0 lb. ai per acre. The major soil
series on this Piedmont site were Cecil and
Gwinnett. The Cecil series consists of well-
drained, nearly level to steep slopes, 0 to
25%, while the Gwinnett series consists of
well-drained, gently sloping soils, 2 to 45%.
The sandy loarn A horizon had eroded on both
soils exposing a red firm clay.

The study area, a mixed pine-hardwood
cover type, was commercially clearcut and
subsequently site prepared in April, 1978.
Site preparation included shearing and disk-
ing with no post-treatment burn. The area lay
fallow during the 1978 growing season, then

was hand planted with improved loblolly pine
(Pinus taeda L.) seedlings (500 per acre) in
January, 1979. Hence, hardwood sprouts had
one full growing season to establish prior to
the planting of pines.

At the time of herbicide application
(March, 1980), the pines had gone through 1
growing season while the hardwood had 2
growing seasons to become established. A
dense hardwood cover, averaging more than
42,000 rootstocks per acre, was present with
stem heights ranging from a few inches to
approximately 10 ft.; however, the majority
ofcompeting hardwoods were less than 3 ft. in
height. Predominant competing species in-
cluded oaks (Quercus spp.), flowering dog-
wood (Cornus florida L.), hickory (Carya
spp.), blackgum (Nyssa sylvatica Marshall),
persimmon (Diospyros virginiana L.), and
sumac (Rhus spp.).

Differences observed 2 years after treat-
ment were dramatic. The pelleted formula-
tions reduced the number of hardwood stems
taller than 3.3 ft. by more than 65%; while
increases of55% and 135% occurred in 20% G
and control plots, respectively, figure 1. The
pelleted treatments reduced hardwood basal
area by 50-70%, the 20% G increased 14%,
and the control increased 78%, figure 2. Per-
cent defoliation of hardwood stems greater
than 3.3 ft. tall was greater than 70% for the
pellets, only 45% for the 20% granule, and
was 1% for the control. Two treatments - 1 cc
at 1.5 lb. per acre and the 20% granule - had
significantly greater pine mortality than the
control. Herbicide treatments, including the
20% G, were not significantly different from

A.L. WEBB, D.H. GJERSTAD,
L.R. NELSON, and S.A. KNOWE
Department of Forestry

each other in pine volume increment but all
were significantly different from the control.
Average pine volume increments of treated
plots were 95-135% greater than the controls,
figure 3.

Although the pelleted hexazinone for-
mulation provided excellent hardwood con-
trol and pine growth response, the trends
shown in pine mortality make this a question-
able release treatment for young pine. Addi-
tional tests examining formulations and rates
will be necessary to find treatments that mini-
mize pine mortality while maintaining
acceptable hardwood control.

The 20% G provided excellent herbaceous
weed control which probably accounts for the
increased pine volume increment. However,
hardwood control was only fair with 45%
mean defoliation after 2 years, and the pine
growth response is not likely to continue as
large or as long as the pelleted formulations.

FIG. 1. Average pine volume increment during
second year after treatment with hexazinone
formulations.

FIG. 2. The number of hardwood stems more than 3.3 ft. tall at time of FIG. 3. Hardwood basal area at time of herbicide application (March
herbicide application (March 1980), 1 growing season later (Septem- 1980), 1 growing season later (September 1980) and after 2 growing
ber 1980) and after 2 growing seasons (September 1981). seasons (September 1981).
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ROOT SIZE OF TALL FESCUE
AFFECTS YIELD, STAND PERSISTENCE

C.B. WiILIJAMS and C B. ELKINS, Department of Agronomy and Soils-USDA
R RODRIGUEZ-KABANA, Department of Botany, Plant Pathology, and Microbiology
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Systematic
Studies

on

Weevils
in the
Family

Curculionidae
WAYNE E. CLARK

Department of Zoology-Entomology

ABOVE: Lignyodes horridulus (Casey), one of the "ash seed weevils."

T HE WEEVILS, or "snout beetles," are
Coleoptera assigned to the family Curculioni-
dae. A British theologian introduced a popu-
lar account of these "rynchophora" (snout
bearers) by stating that their "hidden vir-
tues... have yet to be discovered." Alabama
farmers might echo this sentiment as they
contemplate the impact ofthe boll weevil, the
whitefringed beetles, the pecan weevil, and
others.

The Curculionidae, some 44,883 de-
scribed species of them, comprise the largest
family of animals. With a few minor excep-
tions, the known species are phytophagous.
The different species feed on plants in a wide
variety ofways. With so much diversity it may
not be surprising to find that the classification
of the family is in a "chaotic" state. Bringing
such chaos into order is a task for the science of
systematics ,..."the essential first step and the
final integrator...for the biological, agricultu-
ral, and medical sciences."

The "essential first step" is to provide accu-
rate identification, "the key to the scientific
literature...." This step is frequently a com-
plex one. For example, it has long been recog-
nized that boll weevils from the Southeast
differ in several respects from those in Mex-
ico. It is also known that boll weevils feed on
certain wild Malvaceae related to cultivated
cotton. Weevils thought to be boll weevils,
found recently in Mexico on one of these wild
hosts, were determined to represent a new
species, Anthonomus hunteri.

As this sort of information accumulates,
scientists begin to pose questions which call
for more systematic data. These questions go
beyond "how can we control this insect?" to

"what kind of boll weevil is this?" and "where
does it fit in the overall scheme of things?" It is
fairly certain that the boll weevil belongs in
the subgenus Anthonomorphus. There are
indications, however, that this subgenus is
more clearly related to another genus of An-
thonominae than to the other subgenera of
Anthonominus. Does this mean that the genus
Anthonomus is an artificial grouping? If so,
how can we make valid generalizations about
the relationships of the boll weevil? Must we
reevaluate the classification of an entire sub-
family before we can answer questions about
one important species? Here is the plea for
"final integration" mentioned above.

Recent research at the Alabama Agricultu-
ral Experiment Station has focused on
weevils in the subfamily Tychiinae. This sub-
family has about 600 species in North and
South America, Europe, Asia, and Africa.
The larvae of some of the species develop in
the flowerbuds or fruits of species of Legumi-
nosae, including alfalfa and clover. Larvae of
other species develop in the seeds of plants in
the families Oleaceae and Rubiaceae.
Thousands of specimens of Tychiinae from
collections such as the Auburn University
Entomological Museum, the U.S. National
Museum of Natural History, and the British
Museum (Natural History) have been ex-
amined.

Additional specimens have been collected
in the United States, Mexico, and Central
America. The specimens have been ex-
amined, noting modifications of the snout or
rostrum, the eyes, the legs, the genitalia, and
the shape, distribution, and color of hairs or
scales on the body. In addition to keys and

£¢.__.__._
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illustrations, a detailed description of each
species has been prepared. Identification of
previously named species required examina-
tion of the literature and of specimens in the
collections of workers who described species
of Tychiinae during the 1800's and early
1900's. Species of Tychiinae new to science,
159 of them to date, have been given names
according to the rules of zoological nomencla-
ture.

Determination of how the species of
Tychiinae are related to each other amounted
to proposing a classification. There has been
considerable debate in recent years as to what
methods produce the "best" classifications.
There is not complete consensus in this area,
but most workers seem to agree that a classi-
fication based on phylogenetic relationships
produces a "natural" classification which is
best because it provides the most general
reference system for the biological sciences.
The underlying assumption here is that order
has been produced by evolutionary descent.
To discover that order a simple rule is fol-
lowed: species which share uniquely derived
attributes share the same phylogenetic his-
tory. Since a corollary to evolutionary theory
is that every attribute shared by a group of
species is unique and derived at some level,
following this rule can provide a phylogenetic
framework for all species.

A "phylogenetic analysis" provided a basis
for arranging the species of Tychiinae into
apparently natural groups and resulted in
considerable modification of existing classi-
fications. Six genera of Lignyodini, one of the
two tribes of Tychiinae, had been recognized
as recently as 1977. Some of these genera had
been considered to be tychiines when they
were first established back in the 19th cen-
tury. Later, they had been transferred to the
subfamily Anthonominae. Now they are back
in Tychiinae. The total number of species in
the tribe was increased from 38 to 89, but the
number of valid genera was reduced from six
to two. The number of species in these genera
is expected to increase as the rich faunas of
Central and South America become better
known. The other tribe of Tychiinae, the
Tychiini, has also undergone extensive rear-
rangement during the course of recent stu-
dies. The number of genera has been reduced
from eight to two, but as in the Lignyodini,
the number of species has increased.

These studies and others like them have
shown that the classifications of weevils be-
queathed to us from the last century and from
the early part of the present century are
inadequate. They do not stand the test of
critical evaluation by modern techniques in-
terpreted by modern concepts. This problem
is exacerbated by a deluge of undescribed
species that pours in from all over the world.
The task at hand is an almost overwhelming
one, but the pursuit of solutions is justified
from both economic and intellectual stand-
points.
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INFECTIOUS BURSAL DISEASE (IBD)
has been a constant problem for the poultry
industry. It is important because it may result
in morbidity and mortality as well as com-
promise the immune response of susceptible
birds.

Where IBDV induced immunosuppres-
sion occurs, it is age related. Infection during
the first 2 weeks results in a more severe and
prolonged effect on immunity, whereas in-
fection at 3 weeks of age or later is less pro-
nounced and shorter in duration. Therefore,
an IBD vaccine that produces high levels of
antibodies in breeder hens should result in
progeny possessing maternal immunity
which could protect them from the immuno-
suppressive effects of early IBDV infection.

Objectives were to demonstrate the pro-
tective effects of maternal antibody in pre-
venting early IBDV infection in broilers from
breeders receiving an experimental, com-
mercially prepared oil emulsion vaccine.

Commercial broiler breeder flocks were
from two companies, one in north and one in
south Alabama.

The design was the same for both north and
south Alabama trials. Seventeen-week-old
broiler breeder pullets from a 4,500 flock in
north Alabama and a 17,500 flock in south
Alabama received an injection of 0.5 ml of an
oil emulsion inactivated IBD vaccine sub-
cutaneously behind the neck. To determine if
the vaccine had any adverse effect on breeder
performance, each vaccinated and nonvac-
cinated sister flock was monitored. Broiler
progeny performance from vaccinated flocks
was also compared to progeny of nonvacci-
nated breeders. In addition, 20 breeder hens
from the vaccinated and nonvaccinated flocks
were bled at 4, 10, 18, 25, and 30 weeks
post-vaccination (PV) and sera tested for anti-
body. Broiler breeder and progeny perform-
ance and IBDV antibody titers were then
used to measure the vaccine efficacy.

Data on breeder performance are summa-
rized in table 1. Performance of both flocks
that received the IBD vaccine were similar to
the nonvaccinated sister flocks indicating the
vaccine had no adverse effect.

Broiler performance data are summarized
in table 2. Results from the north Alabama
broilers from vaccinated hens represent an
average of four different broiler flocks reared
during four separate growout periods. South
Alabama broiler data from vaccinated hens
represent an average of five broiler flocks
reared during four growout periods. Data for
broilers from nonvaccinated hens represent a
mean for all flocks in each company reared
during the same period as broiler flocks
obtained from vaccinated hens. These data
demonstrated that broilers from IBD vacci-
nated hens had equal or better performance
than the weekly average figures for broilers
from nonvaccinated hens.

Vaccination of
Broiler Breeders with

an Experimental Inactivated
Infectious Bursal

Disease Virus Vaccine
J.J. GIAMBRONE and MARIA YU, Department of Poultry Science
M.K. ECKMAN, Alabama Cooperative Extension Service

TABLE 1. PERFORIANCE DATA FROM BROILER BREEDERS RECEIVING
AN OIL EMULSION IBD VACCINE

Performance data
Breeder 10 weeks PV 23 weeks PV

flock Lay, Hatch Lay, Fertility Hatch
treatment hen house Fertility of total hen house of total

Pct. Pct. Pct. Pct. Pct. Pct.
North Ala.'

Vacc. 76.8 ND 85.7 65.0 ND 87.2
Nonvacc. 75.7 ND 85.7 68.7 ND 87.2

South Ala.
Vacc. 71.6 92.8 85.8 73.1 94.0 88.9
Nonvacc. 71.9 93.5 83.1 71.8 93.6 88.9

'Breeders from north Alabama were brought into production earlier than those of the south Alabama
company.

ND - not done by company.

TABLE 2. PERFORMANCE DATA FROMI BROILER PROGENY OBTAINED
FROM BREEDERS RECEIVING AN OIL EMULSION IBD VACCINE

Breeder Performance data

flock Av. Feed Liv. Cond. Leukosis Sept-tox Synovitis Air sac
treatment wt. conv.

Pct. Pct. Pct. Pct. Pct. Pct.
North Ala.

Vacc.' 3.77 2.29 94.28 1.21 .00 .25 .00 .15
Nonvacc. 3.77 2.27 93.82 1.27 .01 .29 .00 .24

South Ala.
Vace. :  4.00 2.07 95.49 .99 .01 .18 .03 .32
Nonvacc. 3.96 2.10 96.29 1.68 .04 .39 .06 .79

'Represents an average of four different flocks reared during four different growout periods.
2Represents the weekly average for all broilers during the four growout periods in which the broilers

from the vaccinated hens were grown.
3Represents an average of five different flocks during four separate growout periods.

TABLE 3. IBDV NEUTRALIZING TITERS
FROM BREEDERS RECEIVING AN

OIL EMULSION VACCINE

Breeder Mean IBDV titers, weeks
flock post vaccination'

treatment 4 10 18 25 30 40

North Ala.
Vacc. 716 a 819 506 360 147, 88
Nonvacc. 294 415 320c 1361' 182' 75,

South Ala.
Vacc. 488, 860 672" 425" 129" 52,
Nonvace. 230" 188' 254" 124" 163" 69"

'Numbers followed by different superscripts
within the same column differ significantly.

The IBDV antibody titers for hens are
presented in table 3. The titers for IBD vac-
cinated hens peaked at 10 weeks PV and then
gradually declined through 25 weeks. Titers
from vaccinated hens were 11/2 to 4 times that
of nonvaccinated hens from 4 to 25 weeks PV.
After 25 weeks PV, titers from vaccinated
breeders rapidly declined until 30 weeks PV
when no differences from nonvaccinated
hens were evident.

Alabama Agricultural Experiment Station
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PastErosionReduces CurrentYields
TIMMY McDANIEL and BEN F. HAJEK, Dept. of Agronomy and Soils

ACCELERATED SOIL EROSION due
to rainfall has been of concern for many
years. Today, such erosion is considered to
be a critical agricultural problem. The re-
lationship between past erosion and crop
productivity has not been adequately mea-
sured. Neither has the value of topsoil lost-
the real cost of erosion-been adequately
documented.

A current cooperative erosion-crop pro-
ductivity study by the Alabama-USDA Soil
Convervation Service and Alabama Ag-
ricultural Experiment Station is providing
some insight into extent of loss from erosion.
Not only do data from the 1981 season indi-
cate the influence of past erosion on soil
productivity, but results also identify and
quantify soil factors that contribute to crop
yield differences.

Soybean and corn fields with slightly and
moderately eroded areas of the same soils
were located in Coffee, Conecuh, Co-
vington, Dale, Geneva, Henry, Houston,
Mobile, Monroe, and Pike counties.
Twenty-two corn and 30 soybean fields were
located on soils of the Malbis, Dothan, Or-
angeburg, Red Bay, and Bama soil series.
Erosion conditions were sampled at three
sites in each field for a total of 140 plots. Each
plot consisted of three replicates.

Thickness of the topsoil, texture, slope,
color, and an estimate of the percent of
subsoil mixed in the surface plow layer were
determined for each replicate. Surface and
subsoil samples were collected for laboratory
analyses from each replicate and composited
for each plot. The analyses determined per-
cent clay, percent Fe20 3 (total iron oxides),
pH, and soil test (calcium, magnesium, po-
tassium, and phosphorus). Corn yields from
each replicate were obtained by deter-
mining average grain weight per ear and the
number of ears per 1/500 acre. Soybean
yields were obtained by harvesting three
5-ft. row segments in each replicate.

Yields were obtained from 30 soybean
fields. Of these, 19 showed reduced yields
on moderately eroded areas. Yields were
equal in six fields, while five fields showed
yield increases on moderately eroded areas.
Of the fields with reduced yields, 13 were
statistically significant at greater than 75%
probability. No single soil series was more
susceptible than the others to soybean yield
decrease as a result of erosion.

Of 22 fields of corn harvested, 12 showed
yield reduction in eroded areas, 4 were the
same, and 6 showed increased yield. Of the

fields with decreased yields, 11 were sta-
tistically significant at probability levels
greater than 75%. Six fields with reduced
yields on eroded areas were on soils with
yellowish-brown subsoils containing iron-
rich bodies called plinthite (Dothan and
Malbis series). No eroded areas of the Dot-
han or Malbis series showed yield increases.
Soils with reddish-brown to dark red sub-
soils did not seem to be as susceptible to
yield decreases due to erosion.

Overall average yields, like those re-
ported for all fields in table 1, do not reflect
the often large relative yield reduction on
eroded soils. Since management, rainfall,
past cropping treatment, and several other
factors cannot be controlled and kept con-
stant over all fields, each field must be con-
sidered as a separate experiment. In most
cases, the surface thickness reported is the
depth to which the soil was plowed. In a few
slightly eroded areas, the thickness is
greater than plowing depth, and these cases
have depth to the subsoil recorded. The

mixing percentage is a field rating usually
made by two individuals who are trained to
make observations of soil conditions in the
field.

Yields and soil characteristics from fields
with significant yield reductions on mod-
erately eroded areas are summarized in table
2. Phosphorus, total Fe 2 0 3, clay content in
the surface soil layer, surface layer thick-
ness, and surface-subsoil mixing were often
correlated with yield. Phosphorus levels
were always low in eroded areas; however,
only corn yields were significantly related to
P levels. No subsoil property was correlated
with yields.

Yield reductions in 1981 were measured
more frequently on moderately eroded ar-
eas. The study suggests that field measure-
ments and observations of erosion (surface
soil thickness and percent mixing) and labor-
atory determination of subsoil attributes in
the plow layer (clay, Fe 2 0 3 , and P) do relate
to decreased corn and soybean yields. Corn
yield reductions on eroded areas were ob-
served more frequently on soils with
yellowish-brown subsoils with plinthite.
Additional research is needed on soils in
central and northern Alabama and for ad-
ditional crop years before firm management
practices, based on sound research data, can
be recommended.

TABLE 1. AVERAGE YIELDS, SURFACE THICKNESS, SURFACE THICKNESS, AND PERCENT MIXING FROM FIELDS
WITH SLIGHT (SL) AND MODERATE (MOD) EROSION

Yield and soil Average, by soil series and erosion

properties Dothan Malbis Bama Orangeburg Red Bay All soils

Sl Mod S1 Mod S1 Mod SI Mod S1 Mod Sl Mod

SOYBEANS

Yield/acre, bu ......... 41 39 33 31 37 35 36 34 37 32 37 34
Surface thickness, in... 9.5 7.5 8.6 5.0 7.5 5.5 8.6 6.6 8.6 7.1 8.6 6.4
Mixing, pct ........... 10 18 6 26 7 32 12 29 15 29 10 27

CORN
Yield/acre, bu.........59 55 100 83 . 61 61 76 74 66 64

Surface thickness, in... 10.5 8.6 10.5 8.0 10.1 7.1 9.0 7.5 9.8 8.0
Mixing, pct ........... 9 23 7 8 -- -- 13 34 12 29 11 28

TABLE 2. SOIL PROPERTIES AND YIELDS OF FIELDS WITH SIGNIFICANT YIELD

DECREASES ON ERODED AREAS

Yield and soil Average, by soil series and erosion
properties Dothan Malbis Bama Orangeburg Red Bay All soils

Sl Mod S1 Mod Sl Mod Sl Mod Sl Mod Sl Mod

SOYBEANS

Clay, pct............. 8.0 15.6 10.8 17.2 15.8 13.4 15.3 17.7 16.7 23.6 13.3 17.5
Fe 2 0 3 , pct...........2.0 4.1 1.5 5.0 3.4 4.1 3.3 5.2 3.8 7.1 2.8 5.1

Surface thickness, in. .. 9.0 5.0 9.0 2.8 7.1 5.0 8.2 6.0 7.1 8.0 8.2 5.0
Phosphorus, lb./acre. . 17.0 3.3 35.4 10.1 16.0 8.2 16.4 16.6 24.5 21.5 21.8 11.9
Yield/acre, bu.......... 44.0 22.0 33.0 23.0 44.0 25.0 36.0 25.0 39.0 32.0 39.0 25.0

CORN
Clay, pct.............8.2 18.4 6.4 31.6 -- -- 11.0 14.6 11.8 13.1 9.4 19.4Fe2 0 3 , pct........... 1.9 4.9 1.1 7.7 .. 2.8 3.7 3.5 4.1 2.3 5.1

Surface thickness, in. . . 9.0 7.1 10.5 8.0 -- -- 10.1 8.0 9.8 9.5 9.8 8.2
Phosphorus, lb./acre... 22.0 7.3 16.9 11.2 34.1 22.4 10.8 11.7 20.9 13.1
Yield/acre, bu ......... 83.0 58.0 100.0 83.0 . 51.0 36.0 75.0 55.0 77.0 58.0
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C ONTROLLING broadleaf weeds and
grasses is a major problem in the production
of field grown ornamentals, even though
preemergence applied herbicides are nor-
mally used. One problem is that pre-
emergence applied herbicides often fail to
control weeds adequately because of im-
proper timing and rate of application,
weather conditions, and volatilization. Pre-
viously, postemergence applied herbicides
have not been used because those that were
effective injured ornamental plants. Thus,
nurserymen had no option except hand
hoeing to remove the problem weeds

Postemergence Treatments

Now research is looking at herbicidal con-
trol with postemergence applied chemicals.
Preliminary Auburn tests in 1980 showed
BASF 9052 (Poast®) to be safe on a number of
ornamentals when applied over the top of
the plant. The Alabama Agricultural Ex-
periment Station testing was enlarged in
1981 to compare three postemergence ap-
plied herbicides for control of grasses and for
toxicity to woody ornamental plants. The
three materials tested were Poast (BASF
Wyandotte Corp.), Fusilade® (ICI Americas,
Inc.), and RO 13-8895 (MAGG Agrochemi-
cals). Each herbicide was applied at three
rates, 0.25, 0.50, and 1.0 lb. active per acre,
on June 15, 1981, and 10 days later.

In the first study, plants tested included

NEW POSTEMERGENCE HERBICIDES
Offer Safe, Effective Grass Control

in Field Grown Ornamentals
C.H. GILLIAM, Department of Horticulture

C.T. POUNDERS, Cooperative Extension Service
TED WHITWELL, Dept. of Agronomy and Soils-Cooperative Extension Service

Nick's Compact juniper (Juniperus chin-
ensis), Rotundifolia holly (Ilex crenata), and
taxus (Taxus cuspidata) grown in local
nurseries at Crossville, Alabama. The juni-
pers had been in the field 3-4 years and were
heavily infested with Coastal bermudagrass.
Rotundifolia holly liners had been planted in
the spring and were infested with common
bermudagrass. Taxus had been grown 2-3
years in the field and was infested with yellow
nutsedge.

All Treatments Effective

When the first application was made, the
bermudagrass was about the height of the
junipers (2-3 ft.). At the second application
date, only a few live sprigs of bermudagrass
were observed. All three herbicides resulted
in excellent control of both Coastal and

TABLE 1. EFFECTS OF Two APPLICATIONS OF POSTEMERCENCE APPLIED HERBICIDES
ON CONTROL OF COASTAL BERMUDAGRASS IN FIELD GROWN

JUNIPERS AND PHYTOTOXICITY TO PLANTS'

Rate, lb. Poast control, days Fusilade control, days RO 13-8895 control,
active/ after application after application days after application
acre 14 30 60 14 30 60 14 30 60

Pct. Pct. Pct. Pct. Pct. Pct. Pct. Pct. Pct.
None .............. 0 0 0 0 0 0 0 0 0(1.0)2  (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0)

0.25 ............... 96 100 74 100 100 96 100 99 100
(1.3) (1.0) (1.0) (2.0) (2.3) (1.0) (1.3) (1.5) (1.0)

0.5 ................ 100 100 91 95 98 100 100 100 100
(2.3) (2.0) (1.0) (3.0) (2.3) (2.0) (2.0) (2.3) (1.5)

1.0 ................ 100 99 100 96 100 100 100 100 100
(2.3) (2.0) (1.5) (4.3) (3.3) (2.0) (4.3) (3.0) (1.8)

'Applications were made at 10-day intervals, with evaluations following 14, 30, and 60 days after
second application.2Numbers in parenthesis are phytotoxicity rating, made according to scale of I = no damage, 2 = slight
chlorosis, 3 = chlorosis, 4 = foliar burn, and 5 = 25% defoliation.

TABLE 2. EFFECT OF SINGLE APPLICATION OF POSTEMERGENCE APPLIED HERBICIDES
ON PERCENT CONTROL OF BERMUDAGRASS IN FIELD GROWN JUNIPERS

Rate, lb.
active/

acre

Poast control, days
after application
14 60

Fusilade control, days RO 13-8895 control,
after application days after application

14 60 14 60

common bermuda regardless of application
rate, table 1 (data given only for Coastal
bermuda). With the exception of Poast at the
0.25 lb. rate, all treatments provided greater
than 90% control through the middle of Oc-
tober. No further evaluations were made
after that time. None of the materials tested
controlled nutsedge.

There was little or no phytotoxicity on
plants tested. The only phytotoxicity oc-
curred on the junipers growing in Coastal
bermudagrass. The chlorosis following her-
bicide treatments may have been the result
of sunscald, since it was most evident in the
interior portions of the plant where the
plants had been heavily shaded before the
grass died. At the 60-day evaluation, most
plants no longer exhibited chlorotic
symptoms.

Single Application Tried

A second study evaluated the effec-
tiveness of a single application of the same
herbicides at the same rates on Plumosa
Andorra juniper (Juniperus horizontalis)
and Nick's Compact juniper. Treatments
were applied July 1, 1981, and evaluated 14
and 60 days later for percent grass control
and phytotoxicity. Neither plant species
showed any toxicity.

All treatments except RO 13-8895 at the
0.25 lb. per acre rate resulted in 90% control
of common bermudagrass after 14 days,
table 2. At 60 days, only Fusilade and RO
13-8895 provided 90% grass control at the
1.0 lb. rate from a single application. Ad-
ditional research is underway to determine
minimum rates necessary for season long
control, and to further screen these mate-
rials for toxicity to woody ornamentals. It
appears that a second application, of 1/4 to 1/2

lb., when regrowth grass is 2-6 in. tall, may
provide adequate season long control with
minimum chemical use.

Results of the Alabama Experiment
Station tests indicate that good post-
emergence grass control is obtainable with
the new herbicides tested. While the cost of
these chemicals will be high, they are an
inexpensive alternative to sending a crew of
laborers to remove grass from field grown
ornamentals.

Alabama Agricultural Experiment Station

Pct. Pct. Pct. Pct. Pct. Pct.

0.25 .......... 90 53 91 79 68 29
0.5 ........... . 94 74 94 87 93 85
1.0 ........... . 94 85 98 97 100 93

11



AS EARLY AS 1977 the Alabama Ag-
ricultural Experiment Station provided data
that indicated fungicides applied to control
leaf and stem diseases in soybeans were not
beneficial during dry periods. The northern
portion of the State is much drier than the
Gulf region during the summer months, see
figure, and less frequent periods of rainfall
result in decreased severity of soybean dis-
eases. Experiment Station researchers have
taken this into consideration in designing a
fine-tuned system for the profitable appli-
cation of fungicides to soybeans.

Tests were conducted throughout the
northern region of Alabama to evaluate a
system for the timing of fungicide appli-
cations based on local (on-farm) weather
conditions. This timing system was com-
pared to soybeans treated with the standard
program (sprays regardless of weather, at
early pod set and 14 to 18 days later) and
soybeans that were not sprayed. Beginning
at early bloom, weather conditions were
recorded. Any day with 1/10 in. of rain or
extended periods of fog and dew was con-
sidered wet. When 3 to 4 wet days had been
recorded, a spray application of Benlate®
(benomyl) 50 WP at 8 oz. per acre was made
using a high clearance sprayer. This appli-
cation usually occurred during early pod set,
but occasionally was made during bloom.

The second application was made 14-20 days
after the first, if 3 to 4 more wet days oc-
curred after the first application. During
periods of especially wet weather, the inter-
val was shortened to as little as 10 days to
compensate for frequent disease infection
periods and washing-off of the fungicide. All
spray trials were replicated six times and
results are reported as treatment means.
Economic data were developed based on
1982 prices ($6.50 for a bushel of soybeans,
and $8.50 to aerially apply 8 oz. of Benlate to
an acre).

Data obtained from the meteorological
timing system indicated several advantages
over the standard spray program for soybean
disease control. The number of fungicide
applications was reduced an average of 40%
in comparison to the standard program,
while the frequency of nonprofitable fun-
gicide applications was reduced to zero for
the meteorological system from 60% for the
standard program, see table. However, dis-
ease control was only slightly inferior to the
standard program.

The economic data indicated that not only
was the number of locations with non-
economic return on fungicide investment
reduced where the meteorological timing
system was used, but that all locations gave a
positive dollar return above cost. The ratio of

FOLIAR FUNGICIDES
FOR SOYBEANS-

Prediction Systems Make More Money

Average thunderstorm days for July for the
Southeastern United States. Letters indicate
test locations.

Alabama Agricultural Experiment Station12

increased crop value to cost of control was
very positive for the meteorological program
($3.03 per $1.00) and only marginally ben-
eficial for the standard program ($1.19 per
$1.00).

These data indicate that foliar diseases can
cause substantial losses in soybeans but, in
the drier regions of Alabama, control mea-

sures cannot be utilized routinely at stan-
dardized times with the expectation of
reasonable return on investment. The sys-

tem described here for application of ben-
omyl, based on the probability of damaging
levels of disease developing, reduced total
pesticide application by 40%, yet gave a
greater dollar return per acre in all five
experiments.

A portion of the success of this experiment
can be related to the systemic nature of
benomyl. The "kick-back" activity of this
product allows for removal of established
infections. Further, actual weather rather
than predicted weather was utilized. Should
contact fungicides be employed (e.g. Bravo

5008), sprays would have to be applied before
infection periods as protectants, and pre-
dicted weather would have to be utilized.

This fungicide spray-timing system can be
adapted for changing economic conditions;

should the value of soybeans rise, fewer
infection days would be required to trigger a
fungicide application, or if the price of ben-
omyl increased, the number of infection
days required to trigger a spray treatment
could also be increased.

This research was supported in part by the Alaba-
ma Soybean Producers.

P.A. BACKMAN, MA. CRAWFORD, and J.M. HAMMOND

Department of Botany, Plant Pathology, and Microbiology



NUTRITIONAL DISORDERS OF PECANS
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Characteristic Foliage Symptoms
Identify Nutrient Deficiencies

on Alabama Pecan Trees

HARRY J. AMLIING
Department of Horticulture
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Foliar expression of nutrient deficiencies: FIG. 1, magnesium deficiency, Stuart variety; FIG. 2,
magnesium deficiency, Moneymaker variety; FIG. 3, magnesium deficiency, Schley variety;
FIG. 4, magnesium deficiency, seedling; FIG. 5, zinc deficiency; FIG. 6, potassium deficiency;
FIG. 7, nitrogen-potassium imbalance; and FIG. 8, iron deficiency.
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FARM COMMODITY PROGRAMS, a
major part of most farm bills, had their origins
in 1933 as a result of the concern that farmers
were seriously disadvantaged as compared to
other segments of the population. In 1934,
per capita disposable income of the farm
population was one-third that of the nonfarm
population. In 1980 it was 82% ofthe nonfari
population.

Commodity programs are justified on a
number of bases. One of the major justifica-
tions is that farmers have no immediate
means to pass higher costs on to the buyer of
their products. Thus, inflation can seriously
hamper gains in net farm income. Otherjusti-
fications for commodity programs center on
the fact that agriculture is based on biological
processes and unpredictable forces of nature,
including droughts and floods as well as in-
sects and diseases, that can seriously affect
net income. Food has been used both to serve
political ends of this nation and as a factor in
holding down inflation. Also, some argue that
commodity programs have helped conserve
soil and the family farm.

Progress has been made in restructuring
commodity programs to meet the needs of
society and, at the same time, provide at least
minimal protection to farmers.

New Act
The Food and Agriculture Act of 1981 was a

long debated bill, one ofthe major considera-
tions being money or cost. The Reagan
Administration wanted a farm bill whose 4-
year cost would not exceed $10.6 billion. The
House version of the bill was an estimated
$16.6 billion over a 4-year period. The final
vote in the House of Representatives was 205
in favor to 203 against, and a bill was passed
that some groups claimed was unsatisfactory.
Some argued that it did not provide adequate
protection to farmers. Others maintained
that it offered adequate price and income
protection within the framework of a market-
oriented agriculture.

In the debate over the bill from its early
stages in March of 1981 until December, farm
groups were divided and often opposed one
another on major provisions. Traditional
alignments of the past were disregarded and
liaisons of long standing were splintered
among commodity and interest groups.

The Agriculture and Food Act of 1981 is an
omnibus farm bill that provides the
framework within which the Secretary of
Agriculture will administer the various food
and agriculture programs for the next 4 years.
The Act gives the Secretary substantial new
discretionary authority to issue regulations
and implement various provisions as the need
arises.

Major Provisions
There are 17 titles in the act dealing with

commodity programs, agricultural exports

and Public Law 480, food stamp and com-modity distributions, agricultural research
and teaching policy, resource conservation,
credit, agricultural development, family

farms, floral research, and consumer in-
formation.

Cotton. The bill extends the cotton pro-
gram with some modifications through 1985.
The target price for 1982 crop cotton cannot
be less than 71 cents per pound with 5 cents
per pound increases each year, plus any

adjustment for changes in cost of production
or 120% of the loan level. The nonrecourse

price support loan level is set by the same
method as under the 1977 Act but can be noless than 55 cents per pound (48 cents per
pound previously).

Deficiency payments will be made to pro-
ducers if the national average price received
by farmers for upland cotton during the calen-
dar year, which includes the first 5 months of
the marketing year, is below the arettarget price.
Under the new bill, producers will not auto-
matically be entitled to disaster payments if
crop insurance is available to them under the
Federal Crop Insurance Act. As for acreage
reduction, the Secretary is authorized to re-

quire a reduction in cotton acreage as a condi-
tion for eligibility for price support. Skip-row
rules for acreage and area skipped are the
same as under the 1977 Act.

Peanuts. The peanut acreage allotment
system was eliminated but farm poundage

quotas were continued. However, the
poundage quota for 1982 will be 1,200,000

tons scaled down to 1,100,000 tons in 1985.
Quota cuts, if possible, are to be made by
reducing quotas on farms that have produced
all or part of their quota except as a result of

national disasters. Additional peanuts are
now those in excess of quota rather than those
in excess of quota but grown within the
acreage allotment.

Support levels for 1982 are set at $550 per
ton for 1982 quota peanuts with annual in-
creases to 1985 to reflect increases in produc-

tion costs but with a 6% limit for each annual
adjustment. Support for non-quota peanuts
will be set by the Secretary based on world
market conditions and at a price that would
avoid any net cost to the government.

Farm poundage quotas may be sold,
leased, or transferred within a county.

Soybeans. The soybean loan rate will be
based on 75% of the most recent 5-year
national average price received by farmers,
excluding the high and low years. The mini-
mum price is $5.02 per bushel and no produc-
tion adjustment, cross-compliance, or re-
serve program would be required. Soybeans
are excluded from the farmer-owned reserve
program and, thus, are not eligible for storagepayments and there is no target price.

Wheat. The 1982 target price is $4.05 per
bushel with increases scheduled to $4.65 in

1985. Minimum loan rate will be $3.55 per
bushel for 1982-85. The Secretary is autho-
rized, in years that surpluses are likely, to
require farmers who want price supports to
comply with set-aside or indirect wheat
acreage reduction programs.

Feed Grains. The minimum loan rate for
corn for 1982-85 is $2.55 per bushel. Target
prices for corn are not less than $2.70 per
bushel for the 1982 crop with increases
scheduled up to $3.18 per bushel for 1985.
Regulations on set-aside or direct acreage
reductions are the same as for wheat. Target
price protection is provided for grain sor-
ghum and oats.

Thus, the major provisions of commodity
programs have been set forth in the Food and
Agriculture Act of 1981. These provisions are
important to farmers and others and have far
reaching implications.

1Alabama Agricultural Experiment Station,

i.The
New Farm Bill
J.H. YEAGER, Department of Agricultural Economics and Rural Sociology

14



RECYCLING ANIMAL MANURES as a
component of rations is an alternative that
makes use of the nitrogen, fiber, and minerals
of wastes for ruminant animal production.
Animal wastes have been used as a feed ingre-
dient for nearly 30 years without harmful
effects to animals eating the rations or to
humans who have consumed food products
derived from the animals.

Initially, the FDA did not condone the
feeding of wastes to animals due to the lack of
data relative to the safety of the practice on
animal and human health. Recent research
has demonstrated that the risk to health from
feeding animal wastes can be controlled by
treatment of waste prior to feeding and by
withdrawal of these wastes from the ration
prior to marketing of the animals. Conse-
quently, in 1980, the FDA rescinded the
policy which did not sanction the feeding of
animal wastes.

Regulations for feeding of wastes are now
primarily the responsibility of the states. Ten
states have regulations which control the use
of animal waste intended as a feed ingredient.
Alabama and other states which have regula-
tions for the use of animal wastes as a feed
ingredient adopted the Model Regulations
developed by the Association of American
Feed Control Officials.

The principal health hazards associated
with feeding animal wastes are drug residues
and pathogenic microorganisms. To over-
come the potential of drug residues in animal
tissues or products derived from waste-
formulated feeds, either wastes known to
contain drugs should be avoided or rations
with drugs should be withdrawn from animals
prior to marketing to allow time for the drugs
to clear the animal or to decrease to non-
hazardous levels.

To eliminate the potential hazard of dis-
eases being transmitted in animal wastes in-
tended as a feed ingredient, the waste or the
ration containing waste must be processed.
Several methods have been advocated for the
treatment of animal wastes to eliminate the
potential of disseminating diseases. Heating
wastes by mechanical means, as well as spon-
taneous heating that can be achieved by deep
stacking broiler litter, is effective in eliminat-
ing transmission of disease. It is not necessary
to sterilize the waste, but pathogens that are
excreted by animals should be killed by the
heat treatment. Either mechanical heating to
300°F for 30 minutes or spontaneous heating
to 160°F or higher for at least 10 days is
sufficient to eliminate most pathogens.

Research at the Alabama Agricultural Ex-
periment Station has demonstrated that pel-
leting rations with 22% broiler litter is effec-
tive in eliminating fecal bacteria such as
Escherichia coli and Salmonella typhimur-
ium. Pelleting at 1400 F reduced the number
of these ba6teria in rations containing broiler
litter by a factor of 1/100,000, table 1. It is not

MICROBIAL SAFETY
of Animal

Waste Formulated Rations

T.A. McCASKEY and R.R. HARRIS
Department of Animal and Dairy Sciences

likely that this high level would be encoun-
tered in waste-formulated rations and there-
fore the margin of safety would even be
greater.

Fermentation is a practical and econ-
omical method of processing that has been
used for many years to preserve animal feed

TABLE 1. EFFECT OF PELLET-PROCESSING ON
ENTERIC BACTERIA IN BROILER LITTER

FORMULATED RATIONS

Indigenous Inoculated
Rations fecal InEo li a te ll

coliforms E. coli Salmonella1

No. viable enterics/g (or as indicated)
Control (no litter)

Before pelleting 8,000 39,000 46,000
Pelleted <1/10 g <1/10 g 2/100 g

Raw litter
Before pelleting 7,000 12,000 9,300
Pelleted <1/10 g <1/10 g 1/100 g

Deep stacked
3

Before pelleting 16,000 12,000 2,700
Pelleted <1/10 g <1/10 g 1/100 g

'No indigenous Salmonella detected in 100 g of
2Formulated with 15% raw litter.3Formulated with 22% litter deep stacked for 8

weeks.

and human food. Beef cattle waste and broi-
ler litter can also be processed by fer-
mentation to reduce the risk of dissemi-
nating diseases. The fermentation process
can be accomplished by blending corn or
other carbohydrate-containing feed in-
gredients with animal waste, adjusting the
moisture to about 40% by adding ground hay
or similar ingredients, and ensiling the ma-
terial for at least 10 days thus achieving a
desired acidity of pH 4.5 or less. The fer-
mentation is similar to that accomplished
with ensiling of corn or sorghum silage. Stu-
dies have shown that the fermentation of
waste is detrimental to bacteria such as
Salmonella and fecal coliforms, table 2.

Due to the higher acid buffer capacity of
broiler litter, rations with litter should be
ensiled for 30 days or more, whereas 10 days
is sufficient time to eliminate most patho-
gens from beef cattle waste-formulated
rations.

Although there have been no documented
reports of disease of animals or humans asso-
ciated with the feeding of animal wastes to
food producing animals, rations formulated
with animal wastes must be processed to
ensure they are free of pathogens.

TABLE 2. EFFECT OF ENSILING MANURE-FORMULATED RATIONS ON SURVIVAL OF ENTERIC BACTERIA

Day Indigenous Cultures added toSilageensiled pH fecal coliforms/g rations
E. coli Salmonella2

60% beef cattle manure 0 6.3 240,000 + +
silage 1 4.7 24,000 +
(40.8% moisture) 2 4.5 24 -

4 4.1 <10
5 4.1 <10 - -

55% broiler litter 0 8.2 260 + +
silage 1 6.3 240 + +
(40.8% moisture) 2 5.8 43 + +

4 5.7 <10 + +
5 5.5 <10 + +
8 5.7 <10 + +
9 5.5 <10 + +10 5.5 <10 + +

15 5.7 <10 -

Corn silage 0 5.0 9,600 + +
(71.0% moisture) 1 4.2 2,400 + +

2 4.0 <10 -

4 3.9 <10 -
5 3.8 <10 -

'About 108 of each bacterium were added to each ration prior to ensiling. Survival of the bacteria is
indicated by "+" and "-" if bacteria failed to survive.2No indigenous Salmonella were detected in the rations prior to ensiling.

Alabama Agricultural Experiment Station
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rieroaceous Weed Controi
Results in Accelerated Growth
of Loblolly Pine
SA. KNOWE, D.H. GJERSTAD, L.R. NELSON, and G.R, GLOVER
Department of Forestry
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ABOVE: Typical injury following Harvadel
treatments at high rates (400 to 1600 p.p.m.)
the spring following treatment.
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I NFl EH I' l. of, 1977 att expel itilt bs
thf li itAabaa Agrieiiltiti l Lsperttttrtt Sta-
tioti xwas liegitti ait the (;fill Coast Stibstation,
l"iilp fto clierk the itrog'enl N leIt rtilizei
tired> of, t\ c(- i5 egass pasturies. Ilir (ill renclt

(stalilislicd lw111( of' l0t) lb. pet ar oft N at
Iplatittiog aiid 60 lii. pet ar otf' IN ill ta-I
spiltg is based onl sillal plot anid _,razinig
ex~etittitts frt tisiet ii loratiotns fi Ala-

11wll lto tgit expct ititetit at the ( il ( as)
Siubstationi xxhich itirlidtd bthl latex of N
Mtid tuneis itt N app)licatlion, \\ as liars cstcd lix
itloiox tug flirt efiti tteportecl x rhls hnas

in Itighet thltat if the ploits had bet.1 tiltazrd.

'Ilir \lallos fine satlil (liin "uil t (ceel di

hph hor~iitus, pitassitio andtinc tl s litedril
and 5(5 stixn wiithiNrai\ji;ta(i t~

i egt (ass.

ft(e highest s rd of' fitrage oxver the etire
gross jog season xwas proucird is 2011).li pet
areof N. I his is 41)i. petare tootre than the
iiresentls reiitendled rate of' 16 11).ii per
aCre of N . in ft rto nate ix the add ititonal 50(0
l1) pe ceifIraepiulrd ht isx tria41)
11). pet aicre tif'N all g.russ fin the spritig, see
tahle. In the talile, spring refers tot fiti age rot
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ntuiti forag~e pr1odluction is as itiortdttt ais

totil foiaige pi-o(Ittrtioni it ihi tot he lssile
to l tilie nt ote spring forage". Wheni e tootgll
N_ is appliedl to ixi u toaxtoonoil total \ 1( the
ditrittion of' forage \ jelc is controlledl lb
tile girossth lhabits of' the glasses andt b\ ft(e
sseather and eatitiot lbe altetecl b li il tinting
of N ap~plication, see tab~le.

Nat ilils coitti utils of, fall- and spinug

it0 Vo N in the crtI spt hg \. pplicattotn of
~ ~ A ~ all of the N at pfllitit wxill Ireslt tol serious

lclcliitig losses (lilt th ie \\tilt,]- adi 1(5
jthtan tiiaxtiililt spring foragec produc~ttionli

%*~- r\ (g.rass pastures is ilttelilrcl to priidliir flit(
Itigltest tilifot ii tfotrages tehlcs possible for)] the
ina j ot it\ of' locait ions ill Itataiat B\x r
ixegirass at the ;1tlf, (:otast Sublstatlion te-
51 )llild to sligIlifkis ot N thail ks t (nlli

tilelillrd bitt oils at the( c\pciise iof ittitfi

fnaepruduti 1i. Those pr1odutcers iii the
(il isara laxli itig'atrecd lfoi ittote sp illg

sprt tug N ap~plicationts.
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