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PREFACE 

Climatic conditions in Florida and the Southeast are such that 
multicropping should be fully utilized to harvest the ENERGY FROM THE SUN 
and to meet the demand for agricultural products. Food and fiber 
production must increase to satisfy the needs of a rapidly growing
population in Florida and the Southeast and to help meet the needs created
from national and world competition. Producers must make better 
utilization of their farmland on a year-round production basis to offset
increased costs of ENERGY inputs from fuel, machinery, chemicals, and
fertilizer as well as increased cost due to inflation, land prices, taxes,
labor, and interest. 

Many multicropping systems can be more efficiently managed by utilizing no-
tillage operations in crop production. The no-tillage method of producing
crops consists of planting directly into an unprepared seedbed and the
elimination of tillage operations through harvest. No-tillage offers
producers an opportunity to reduce erosion, conserve water, reduce labor,
be timely in planting, reduce production cost, increase the probability of
growing two or more crops per year on the same land (Multiple Cropping),
and reduce FUEL use in crop production. The no-tillage practice has become
more popular during recent years because of (a) the availability of
planting equipment designed to operate under unplowed stubble and/or
mulched conditions, (b) the development of improved herbicide to control
grass and broadleaf weeds, (c) the quality research conducted in recent
years by agricultural scientists, (d) the educational efforts with field
days, demonstrations, conferences, and shortcourses conducted by scientists
in our state University Cooperative Extension Services, and (e) of late,
the spiraling cost of ENERGY is causing producers to take a closer look at
the use of excess tillage. 

We initiated a coordinated program on Multicropping Minimum Tillage Systems
in Florida, beginning in 1976. Numerous faculty of the Institute of Food
and Agricultural Sciences at various Agricultural Research Centers and the
University of Florida at Gainesville, initiated multicropping and/or
minimum tillage research studies and demonstrations. We are presently
completing three and four years old studies and results are beginning to
become available for Florida farmers to use. Scientists located throughout
the Southeast are also involved in various aspects of no-tillage.
Cooperative efforts among Universities and other Federal and state agencies
are increasing so that “know-how” is more readily accessible to our
farmers. 

This conference has been planned for extensive show-and-tell activities by
scientists, governmental agencies, seed companies, fertilizer industries,
chemical industries, equipment companies, other companies and dealers and
by farmers. The main objective is to transfer information available on no-
tillage management to farmers and those who serve farmers with particular
emphasis on energy conservation. 
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NO-TILLAGE SYSTEMS FOR THE THIRD ANNUAL SOUTHEASTERN 
NO-TILLAGE SYSTEMS CONFERENCE 

The economic s t reng th  o f  our na t i on  has depended heav i l y  upon a 
cheap and r e a d i l y  a v a i l a b l e  energy supply. The a g r i c u l t u r a l  sec tor  has, 
over the  l a s t  f i f t y  years, a l s o  become heav i l y  energy dependent. The 
shor t  supply and h igh  cos t  o f  energy can have a devastat ing e f f e c t  on 
our a b i l i t y  t o  cont inue producing t h e  safe, n u t r i t i o u s  and reasonably
p r i c e d  food supply needed by our c i t i z e n s  and f o r  export.  The esca la t­
i n g  cos t  o f  product ion i npu ts  and h igh i n t e r e s t  ra tes  are  causing many
farmers today t o  consider whether t o  continue farming o r  not .  

We a t  t h e  U n i v e r s i t y  o f  F l o r i d a ' s  I n s t i t u t e  o f  Food and A g r i c u l t u r a l
Sciences (IFAS) are  addressing energy problems through extensive "low-
energy technology '  research, extension and education programs. F l o r i d a  
i s  tak ing  a leadersh ip  r o l e  n a t i o n a l l y  i n  t h e  development o f  low-energy
technology, and IFAS i s  h e a v i l y  committed t o  t h i s  e f f o r t .  

New technology u s u a l l y  takes t ime t o  develop. However, our  m u l t i -
cropping minimum t i l l a g e  program i s  one example where we have low-energy
technology ready f o r  t he  farmer 's  use. This "No-Ti l lage Systems Confer­
ence" i s  designed t o  show the  technology a v a i l a b l e  t o  our farmers and 
the  management p rac t i ces  t h a t  w i l l  work today. On beha l f  o f  IFAS,  I 
welcome you t o  t h i s  " Th i rd  Annual Southeastern No-T i l lage Systems
Conference". We t r u s t  t h a t  you w i l l  ga in in format ion  t h a t  w i l l  a i d  you
i n  lower ing energy inputs  w h i l e  main ta in ing  your  product ion needs and 
goals. Best wishes. 

K. R. T e f e r t i l l e r  
Vice President f o r  

A g r i c u l t u r a l  A f f a i r s  

COLLEGE O F  EXTENSION 

SCHOOL OF AND TROPICAL 

The Institute of Food and Sciences i s  an Equal Employer authorized provide 
information and only to and institutions regard to race, color, sex, or national origin 



FLORIDA COOPERATIVE EXTENSION SERVICE 

UNIVERSITY OF FLORIDA 

INSTITUTE OF FOOD A N D  AGRICULTURAL SCIENCES 


R E P L Y  TO 

STATEMENT ON NO-TILLAGE SYSTEMS FOR THE THIRD ANNUAL SOUTHEASTERN 

NO-TILLAGE SYSTEMS CONFERENCE 


No-tillage systems, like many of the practices developed and 


demonstrated by IFAS, are part of our effort to insure that 


Florida Agriculture remains a competitive and compatible 


industry. No-tillage systems are a good example of technology 


being applied to reduce cost of production, conserve energy 


inputs and enhance our national drive toward greater energy 


independence and reduce both topsoil and water losses. 


The success of our farmers in squeezing out production costs 


i s  the major reason the American public has paid so little for 


their food supply. Advancement of no-tillape technology should 


help to insure continued increases in productivity on our farms 


as well as the unequal contribution of the farmer to the overall 


productivity in our country and the world. 


We believe that hiqhly reliable no-tillage systems will be 


essential to Florida Agriculture. Florida's dependence on 


petroleum energy under current technology demands our uncondi­


tional commitment to both immediate advances in productivity 


and material reductions in our reliance on petroleum energy. 


John T. Woeste 

Dean for Extension 
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STATEMENT OF N O- T I L L A G E  SYSTEMS FOR THE THIRD A N N U A L  SOUTHEASTERN 
NO- TILLAGE SYSTEMS CONFERENCE 

Multiple cropping and  minimum ti l lage are  di f f e ren t  b u t  important approaches t o  
increasing the productivi ty per un i t  of land and a t  the same time minimizing the 
amount of energy required per un i t  of productivi ty.  Neither approach t o  production
i s  new, but each has assumed s i g n i f i c a n t l y  g rea te r  importance i n  view of the  energy
environment in w h i c h  we l i v e  and the need t o  conserve energy wherever possible.  The 
in tegra t ion  of mult iple cropping and minimum t i l l a g e  pract ices  has even g rea te r
potent ia l  f o r  increased production and improved e f f i c iency  in the u t i l i z a t i o n  of  
energy. Consequently, the  I n s t i t u t e  of Food and Agricultural Sciences of the 
University of Florida has  made s i g n i f i c a n t  increases in research programs in these 
two important areas .  

IFAS' multiple cropping/minimum t i l l a g e  research program i s  s tatewide with emphasis 
on vegetable and agronomic succession cropping systems and sod seeding in te rp ldn t  
systems. Variables in t h i s  array of s tudies  include t i l l a g e  p rac t i ces ,  weed control 
techniques, pest management techniques and s t r a t e g i e s ,  i r r i g a t i o n ,  f e r t i l i t y ,  and  
various crop sequences. The r e s u l t s  of such inves t igat ions  are  made ava i l ab le  t o  
agr icu l tu ra l  indus t r i e s  in the s t a t e  through a s e r i e s  of f i e l d  demonstrations and  
research and extension publicat ions.  

Multiple cropping/minimum t i l l a g e  research i s  t r u l y  a multidisciplinary research 
e f f o r t  and as a consequence involves s c i e n t i s t s  from the  commodity and d i sc ip l ine
departments within IFAS. I n  addi t ion ,  i t  does and wi l l  continue t o  involve very c lose  
cooperation between and among s c i e n t i s t s  located i n  Gainesvil le  with s c i e n t i s t s  
located a t  ou t- s ta te  research centers ;  o u r  system of ou t- s ta te  research centers  
provides an ideal s e t t i n g  f o r  the development and evaluation of multicropping/minimum
t i l l a g e  management systems. I am pleased with the  research program t h a t  has been 
developed i n  t h i s  important area and am confident t h a t  with r e s u l t s  of these and 
other  r e la ted  research programs, F l o r i d a ' s  ag r icu l tu re  wi l l  continue t o  be competitive. 

I t  i s  a pleasure t o  have you j o i n  us in the Third Annual Southeastern No-Tillage
Systems Conference and t o  have the opportunity t o  provide t o  you f i rs t- hand some 
o f  the  s i g n i f i c a n t  r e s u l t s  of o u r  research i n  t h i s  area.  

F .  Aloysius Wood 
Dean f o r  Research 

OF EXTENSION SERVICE 

SCHOOL OF RESOURCES A N D  CENTER FOR TROPICAL AGRICULTURE 

The  Inst i tu te o f  Food and Sciences Equal Emp loyment  Af f i rmat ive Employer  authorized t o  provide research. 
and o th r r  to  individuals that regard to co lor  sex, o r  national 
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PEST MANAGEMENT DECISIONS IN NO-TILLAGE AGRICULTURE 


J .  N. ALL 

No-tillage (NT) systems involving corn are becoming increasingly popular in 
the South because of the advantages apparent with these operations. NT is 
especially useful in various types of multi-crop systems that take advantage
of the Southern resource of a long growing season. Non-continuous types of 
NT in which some form of tillage is utilized in a multi-crop sequence are 
most prevalent. Since corn often is planted later than normal in these 
systems, it may be subjected to greater infestations by pests. Continuous 
NT procedures are not as common in the South and usually are associated 
with sloping terrain with high erosion potential. It is important to 
distinguish between the two types of NT in a discussion of pest potential
because the ecosystems undoubtedly differ greatly. Thus, unless otherwise 
specified the present discussion is concerned with non-continuous types of 
NT. 
The insect complex attacking corn in the South causes millions of dollars in 
damage annually. For example, during 1976 in Georgia insect losses and cost 
of control in conventionally tilled (T) corn exceeded $14 million, while 
losses associated with virus diseases transmitted by insects was ca. $0.2 
million (Suber and Todd 1980). Economic impact of pests in NT are not 
available, but research indicates that most problems are comparable to T 
systems (All and Gallaher, 1976). 

Much of the present discussion is based on research conducted over the past
6 years in over 50 experiments in Georgia in which various NT systems were 
compared directly with T cropping. The experiments were located in 6 areas 
representing the major edaphic and climatic areas of Georgia. In the tests 
all cropping practices (e.g. irrigation, planting date, subsoiling, insecticide,
hybrids, herbicides, cropping sequence) were the same in either tillage system
and the only difference was the tillage operation in T plots. Insect 
populations were quantified using standard sampling procedures. Also 
observations of pest problems were made in farmers' fields and a survey was 
conducted of extension personnel commercialpest managers, pesticide and 
agricultural equipment distributors, and seed company representatives to 
assess their views on pest potential in Southern NT systems. 

Soil Insects - Ecosystems are undoubtedly greatly different in NT and T systems,
and the variation is probably highest near the soil surface due to the presence
of debris from former crops in NT. These conditions can have variable effects 
on soil insects. 

The lesser cornstalk borer (LCB), Elasmopalpus lignosellus(Zeller), is a 

polyphagous insect whose outbreaks in T corn are usually associated with 

droughty soil conditions (Dupree 1965). LCB infestations are substantially 


J .  N. All is Associate Professor of Entomology, Department of Entomology
University of Georgia, Athens, Georgia 30602. 
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reduced in NT systems as compared to T systems (All and Gallaher 1977).
This has been observed in over 30 experiments over a 6 year period and has 
been observed in growers' fields. All and Gallaher 1977 pointed out that 
higher soil moisture occurred in NT than T systems and proposed this as a 
factor inhibiting survival of LCB in NT. Later research indicated that a 
behavioral response of LCB is involved. Movement of radiolabeled larvae 
in relation to corn seedlings was distinctly different in NT than in T. 
Larvae released 20 cm from corn seedlings quickly located the plants in the 
T system; seedlings in WT systems were not located for up to 7 days after 
release (Cheshire et al. 1977, Cheshire and All 1978).  

The bi 11bug, Spenophorus callosus 01iver, feeds on various weeds, especially
nutgrass, Cyperus rotundus L., in the larval stage and attacks corn only as 
adults. Overwintering adults migrate into corn fields from weeded areas and 
may cause extensive damage, especially in fields planted early in the season 
(Morgan and Beckham 1960).  S. callosus produces damaging infestations in NT 
corn, and research indicates that problems can be greater than in T systems.
In a recent experiment near Midville, Ga., S. callosus damage was 32.1 
infested plants/100 m row in NT as compared to 19.0 infested plants in the 
T plots. The field had a moderate infestation of nutgrass that was poorly
controlled with planting time applications of herbicides and the higher
billbug populations were associated with the weed. Insecticide applications 
at planting time (Durant 1975, All and Jellum 1977) and after plants emerge
(All and Jellum 1977) control S. callosus infestations in T systems; these 
methods also are effective in NT systems (J. All unpublished data). 

Other soil insects such as the Southern corn rootworm Diabrotica undecimpunctata
howardi Barber, seedcorn maggot Hylemya platura (Meigen), wireworms Melanotus 
spp., white fringed beetle Graphognathus spp., cutworms Agrotis spp. larvae 
have not developed quantifiable populations in experimental plots to assess 
their biopotential i n  NT systems. Also no reports of major infestations of 
these insects were expressed by the persons surveyed. However, damage to 
corn by these insects must be of concern to entomologists, especially in 
continuous NT systems where soil habitats are not periodically disturbed by
ti1lage operations. 

Whorl Feeding Insects - Important insects that infest the seedling stage of 
corn (not discussed as soil insects) in the South include the fall armyworm
Spodoptera frugiperda (J. E. Smith, armyworm Pseudaletia unipuncta (Haworth), 

corn earworm He iothis zea (Boddie), European corn borer Ostrinia nubialis

(Hubner), and the Southwestern corn borer Diatraea g r a n d i m D y a F ) . 

Observations of all these insects in Georgia indicate that greatest damage 

can be anticipated in late corn plantings such as certain multi-crop systems

involving NT (All and Gallaher 1976).  

Infestations of fall armyworms are a major threat to corn i n  NT multi-crop
systems and are a factor that may limit the potential o f  certain of these 
systems in the South. Research indicates that tillage systems have little 
impact on development of fall armyworm infestations (All and Gallaher 1976).
Close inspection of corn in experiments comparing NT and T systems at 
various planting dates demonstrated that heavy infestations often occur in 
both cropping systems planted after mid-May. Oviposition and larval populations 
on 2-4 leaf stage seedlings developed more rapidly in T plots,,but populations 
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and damage were similar in 5-leaf stage plants. Yield losses were comparable

in either system. Efficacy of foliar insecticides was similar in either 

tillage system (J. All unpublished data). 


Severe armyworm damage has been reported in late planted NT systems (Wrenn

1975) and damage from the other whorl feeders should be of concern in 

certain cases. However, our research indicates that the damage potential

of these insects is not enhanced in NT as compared to T. 


Stalk and Ear Feeding Insects - Many insects that attack these growth 
stages in the South are also major pests in Northern states. However,
their reproductive potential often is enhanced in the warmer Southern 
climate. For example, first generation European corn borer damage early
planted corn while second and third generation larvae infest corn of later 
planting dates. Our research indicates that European corn borer infestations 
are similar in NT and T systems. However, infestations were increased in 
late plantings and these often are associated with NT practices in multi-
cropping sequences. We also noted a reduction in the number of infested 
and lodged plants in irrigated plantings (both NT and T) as compared to 
nonirrigated plants (All and Gallaher 1976). Low infestations of South-
western cornstalk borers were observed in Northwest Georgia during 1976-
1979. Whorl feeding and stalk borer damage were similar in either tillage 
system (J. All unpublished data). 

We have observed corn leaf aphid, Rhopalosiphum maidis (Fitch), infestation 
o f  corn tassels in NT and T plots. In two experiments, extensive sampling
in fields with moderate johnsongrass populations (significantly higher in 
NT than T) revealed that aphid colonization of corn tassels was higher in 
T (4.0 x 10 colonies/ha) than NT (2.7 x 10 colonies/ha) plots. However, 

i 	 many johnsongrass plants had colonies and if these are coupled with the 
aphid populations on corn, the overall number of colonies in NT was 3.5 x 
10 colonies/ha as compared to 4.5 x 10 /ha in T. Thus in this case, the 
increased plant diversity of NT had a dilution effect on an insect popula­
tion infesting corn. In certain experiments substantially higher popula­
tions of a spittle bug, Prosapia sp., have been observed in NT as compared
to T plots. However, the numphai feeding on brace roots caused no apparent
damage to plants. 

Corn earworm and fall armyworm infestations in corn ears in NT parallels
damage in T systems. Populations of both species were greater in plantings
associated with multi-cropping and delayed corn planting dates. Damage by
fall armyworm is especially severe in late planted corn with as many as 6 
larvae causing complete destruction of some ears. Sampling indicated that 
damage was reduced in irrigated as compared to non-irrigated plots in both 
NT and T (All and Gallaher 1976). 

Other insects associated with corn ears prior to harvest include sap beetles 

(Nitidulidae), maize weevil complex (Sitophilus spp.), Tenebrionidae, and 

Angoumois grain moth (Sitotroga cerealella Oliver)) and these are serious 

problems in the South. Infestations initiated in the field by these species

increase in stored grain (Floyd 1971). Also, these pests may be implicated

in distributing grain-infesting fungi such as Aspergillus flavus that 
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produce mycotoxins in stored grain. Field infestations of certain of the 

stored grain insects may be increased in certain NT systems where corn is 

grown in the stubble of small grains. These insects are found in unharvested 

grain and data suggests that populations move into corn prior to harvest 

(J. All unpublished data). 


Heavy populations of the ring-legged earwig, Euborellia anntrlipes (Lucas), 
were observed in NT corn ears; significantly more infested ears were sampled
in NT plots (All and Gallaher 1976).  These insects are not normally
considered pests of corn, but they can produce damage to grain. Feeding 
near the tip of ears on the basal portion of the pericarp of kernels loosens 
the grain so that it is easily detached. All life stages were observed and 
as many as 10 individuals were counted in ears. 

Epidemiology of Corn Virus Diseases - Research indicates that two virus 
diseases, maize chlorotic dwarf (MCD) and maize dwarf mosaic (MDM), are 
greater in certain NT systems (All et al. 1977, 1980). Leafhoppers transmit 
MCD in corn; the blackfaced leafhopper, Graminella nigrifrons (Forbes), is 
a major vector (Nault et al. 1973).Several aphid species transmit MDM,
including the corn leaf aphid (Williams and Alexander 1965). 

The epidemiology o f  the diseases is complicated by the fact that both 
viruses infect a variety of grasses including weeds (e.g. large crabgrass,
Digitaria sanguinalis (L). Scop., and johnsongrass, Sorghum halepense (L.)
Pers.) and small grains (e.g. winter wheat, Triticum aestivum L.) (Nault 
et al. 1976). Johnsongrass is the only known perennial host of the pathogens
and in many areas it is an important factor in the spread o f  disease by
acting as a reservoir of inoculum for vector transmission to corn (Damsteegt
1976). 

We found that MCD and MDM were enhanced in NT as compared to T when johnson­
grass was poorly controlled by the herbicides paraquat and atrazine (All 
et al. 1976). Data from these and other studies suggests that early season 
control of johnsongrass is very important in reducing disease in corn. 
Severity of the diseases is greater to young plants (Scheifele 1969) ,  and 
thus the presence of even low populations of johnsongrass in fields when 
corn germinates greatly increases early season transmission by vectors. 
Recent tests showed that the herbicide glyphosate effectively controls 
johnsongrass in CT with corresponding reduction in disease (J. All unpublished
data). 

Optimum pest management o f  MCD and MDM involves integration of several 
control strategies to suppress the various factors involved in spread of 
the diseases (All et al. 1980). Vectors of MCD are susceptible to systemic
insecticides (e.g. carbofuran) and hybrids are available that have disease 
resistance (Kuhn and Jellum 1975, Pitre 1968, Kuhn et al. 1975, All et al. 
1976). Use of a resistant hybrid with a systemic insecticide was effective 
in controlling leafhoppers and decreasing MCD in NT. Grain yield was 
increased by up to 2333 kg/ha (All et al. 1977). Recent research in NT 
systems showed that an integrated chemical control approach using a systemic
herbicide (glyphosate) to control johnsongrass plus a systemic insecticide 
(carbofuran) was highly effective (J. All unpublished data). 
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In summary, insect potential in NT systems in the South varies with the 

species involved and the type NT method. In general, non-continuous NT 

systems that have some form of tillage operation within a 1 or 2 year

cropping sequence do not appear to develop greater insect infestations 

than T systems planted at the same time. However, certain insects such 

as billbugs produce greater damage in NT and concern must be shown for 

corn virus disease problems in NT systems where johnsongrass populations

exist. Conversely, NT has control potential for lesser cornstalk borer. 

Obviously the environment that develops in NT systems differs greatly

from T cropping, and the influence of these ecosystems on the biology of 

pest insects must be studied on an individual basis. Research indicates 

that standard control methods can be used in NT systems, but increased 

effort is needed in refining chemical application methodology for NT. 

Also, efforts in developing integrated pest management systems need to be 

expanded for NT. 


REFERENCES 


1. 	 All, J.N. , and R.N. Gallaher. 1976. Insect infestations in no-tillage 
corn cropping systems. J. Ga. Agric. Res. 17:17-9. 

2. 	 All, J.N., C.W. Kuhn, and M.D. Jellum. 1976. The changing status of 
corn virus diseases: potential value of a systemic insecticide. J. Ga. 
Agric. Res. 17:4-6. 

3. 	 All, J.N., C.W. Kuhn, M.D. Jellum, R.N. Gallaher, and R.S. Hussey. 1976. 
Vector dynamics and epidemiology of maize chlorotic dwarf in minimum 
tillage and conventional tillage cropping. XV International Congress o f  
Entomology. August 1976. 

4. 	 All, J.N., and R.N. Gallaher. 1977. Detrimental impact of no-tillage 
corn cropping systems involving insecticides, hybrids, and irrigation 
on lesser cornstalk borer infestations. J. Econ. Entomol. 70:361-5. 

5 .  	 All, J.N., and M.D. Jellum. 1977. Efficacy of insecticide-nematocides 
on Sphenophorus callosus and phytophagous nematodes in field corn. 
J. Ga. Entomol. SOC. 12:291-97. 

6 .  	 All, J.N., C.W. Kuhn, and M.D. Jellum. 1980. Control strategies for 
vectors of virus and virus-like pathogens of maize and sorghum. Chp.
National Bull. Virus and Virus-like Pathogens of Maize and Sorghum. S - 7 0  
Tech. Comm. Virus and Virus-like Pathogens of Maize and Sorghum. In press. 

7. 	 Cheshire, J.M., Jr., Judith Henningson, and J.N. All. 1977. Radio-

labeling lesser cornstalk borer larvae for monitoring movement in soil 

habitats. J. Econ. Entomol. 70:578-80. 


8. Cheshire, J.M., Jr., and J.N. All. 1978. Monitoring lesser cornstalk 

borer larval movement in no-tillage and conventional tillage corn systems.

J. Ga. Agric. Res. 21:lO-4 


9. 	 Damsteegt, V.D. 1976. A naturally occurring corn virus epiphytotic.

Plant Dis. Rept. 10:858-61. 




6 

10. 	 Dupree, M. 1965. Observations on the life history of the lesser 

cornstalk borer. J. Econ. Entomol. 58:1156-7. 


11. 	 Durant, J.A. 1975. Southern corn billbug (Coleoptera: Curculionidae)
control on corn in South Carolina. J. Ga. Entomol. 10:287-91. 

12. 	 Floyd, E.H. 1971. Relationship between maize weevil infestation in 
corn at harvest and progressive infestation during storage. J. Econ. 
Entomol. 64:408-11. 

13. 	 Kuhn, C.W., and M.D. Jellum. 1970. Evaluations for resistance to 

corn stunt and maize dwarf mosaic diseases in corn. Ga. Agric. Exp.

Stn. Res. Bull. 82. 37 p. 


14. 	 Kuhn, C.W., and M.D. Jellum. 1975. Disease evaluation of commercial 

hybrids. Ga. Agric. Exp. Stn. Res. Pap. 199. Pages 34-35. 


15. Morgan, L.W., and C.M. Beckham. 1960. Investigations on control of 
the southern corn billbug. Ga. Agr. Exp. Stn. Mimeo. Series N.S. 93. 
9 p. 

16. 	 Nault, L.R., W.E. Styer, J.K. Knoke, and H.N. Pitre. 1973. Semi-

persistent transmission of leafhopper-borne maize chlorotic dwarf 

virus. J. Econ. Entomol. 66:1271-3. 


17. 	 Nault, L.R., D.T. Gordon, D.C. Robertson, and O.E. Bradfute. 1976. 

Host range of maize chlorotic dwarf virus. Plant Dis. Rept. 60:374-7. 


18. 	 Pitre. H.N. 1968. Svstemic insecticides for control of the black­

faced'leafhopper, Graminella nigrifrons, and effect on corn stunt 

disease. J. Econ. Entomol. 61:765-8. 


19. 	 Scheifele, G.L. 1969. Effects of early and late inoculation of 

maize dwarf mosaic virus strain A and B on shelled grain yields of 

susceptible and resistant maize segregates of a three-way hybrid.

Plant Dis. Rept. 53:345-7. 


20. 	 Suber, E.F., and J.W. Todd. (Eds). 1980. Summary of economic losses 

due to insect damage and costs of control in Georgia, 1971-1976. 

Univ. Ga. Sp. Publ. 7:8-10. 


21. 	 Williams, L.E., and L.J. Alexander. 1965. Maize dwarf mosaic, a new 

corn disease. Phytopathology. 55:802-4. 


22. 	 Wrenn, E. 1975. Armyworms launch heavy attack on many corn fields in 
Virginia. S.E. Farm Press. July 2, 1975. p. 5, 28. 



M I N I M U M  TILLAGE - ONE COUNTY AGENT'S VIEWPOINT 

JOHN A .  B a l d w i n 1 

Each yea r  i n  Levy County, numerous a c r e s  p lan ted  t o  corn and o the r  
crops are damaged o r  destroyed by h igh  winds and blowing s o i l  t r a v e l i n g  
a c r o s s  young s t a n d s  of agronomic and vege tab le  c rops .  I n  some yea r s ,  
s o i l  e ros ion  due t o  wind n o t  on ly  damages c rops  by "sand b l a s t i n g "  but  
a t  times even reduces h e r b i c i d a l  a c t i v i t y  by d i s t u r b i n g  t r e a t e d  pre-
emergence areas. 

Our deep sandy s o i l s  a l s o  lend themselves t o  leaching  of n u t r i e n t s  as 
w e l l  a s  compaction problems which p o t e n t i a l l y  r es t r i c t  r o o t  growth. 
Continous t i l l a g e  of row crop  land by d i s c i n g ,  harrowing and plowing 
have c rea t ed  s e r i o u s  compaction problems i n  some of our  deep sandy 
s o i l s  a t  depths  of six t o  twelve inches.  Evidence of t h i s  has  been 
demonstrated by subso i l i ng  two t o  t h r e e  inches  below t h i s  compacted 
zone and comparing p l a n t  growth and y i e l d  t o  convent iona l ly  t i l l e d  
land.  

I n  essence,  as a County A g r i c u l t u r a l  Agent, i t  i s  important  t o  keep 
a b r e a s t  of t h e  latest technology and innovat ions  i n  cropping systems 
and t i l l a g e  equipment. I n f l a t i o n a r y  t imes and inc reas ing  f u e l  c o s t s  
have increased  t h e  u n i t  c o s t  of product ion.  Methods are needed t o  
reduce u n i t  c o s t s  wh i l e  main ta in ing  or i nc reas ing  c u r r e n t  product ion 
t o  make row crop product ion economical. Over product ion may create 
marketing problems by reducing p r i c e s  paid t o  growers,  bu t  i t  w i l l  be 
up t o  producers  t o  l i m i t  or restrict  t h e  acreage  p lan ted  i n  o rde r  t o  
i n f luence  supply and demand. Economical and e f f i c i e n t  product ion 
p r a c t i c e s  are needed t o  main ta in  an economically sound a g r i c u l t u r e  
f o r  F l o r i d a .  

To u t i l i z e  minimum t i l l a g e ,  a producer must eva lua t e  h i s  own set of 
cond i t i ons  on h i s  farm. S o i l  t ypes ,  crop r o t a t i o n s ,  managerial  a b i l ­
i t ies  and o t h e r  r e sou rces  must a l l  be eva lua ted .  

The major advantages of minimum o r  reduced t i l l a g e  have been demon­
s t r a t e d  t o  be; r educ t ion  of s o i l  e ros ion ,  energy conserva t ion ,  less 
s o i l  compaction, improved timing of crop es tab l i shment  and p l a n t i n g  
and i n  some in s t ances ,  reduced machinery investment.  

Some major d isadvantages  have a l s o  been observed. When corn i s  p lan ted  
i n  February o r  poss ib ly  Ea r ly  March, s o i l  temperatures  may remain 
lower dur ing  extended pe r iods  when a mulch system of minimum t i l l a g e  
i s  used.  Cold, w e t  s o i l s  may i n h i b i t  germinat ion o r  e a r l y  season r o o t  
growth. I n s e c t s ,  p a r t i c u l a r l y  s o i l  i n s e c t s  such as cutworms, may be  
more p reva len t  when heavy mulches of win ter  cover crops are used. 
Also, producers w i l l  need t o  put  t h e i r  b e s t  managerial  a b i l i t y  togeth­
er because t h e r e  i s  less room f o r  e r r o r  under minimum t i l l a g e  systems, 
p a r t i c u l a r l y  under mulch systems of minimum t i l l a g e .  More r e l i a n c e  i s  

John A .  Baldwin i s  County Extension Di rec to r  II, Levy County, F lo r ida  
Cooperative Extension Service, Pos t  O f f i c e  Box 218,  Bronson, F l o r i d a  
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needed on he rb i c ides  for  weed c o n t r o l  programs. Proper l iming of so i l s  
f o r  optimum he rb ic ide  a c t i v i t y , t iming of spray a p p l i c a t i o n s ,  proper 
calibration of equipment and t h e  p o t e n t i a l  u se  of d i r e c t e d  sp rays  need 
t o  be included in the management plan. 

Producers should be caut ioned t o  start on a small scale u n t i l  s u f f i c i e n t  
experience is gained.  They should a l s o  a t t e n d  sho r t cou r ses ,  seminars,  
demonstrations and f i e l d  days t o  see and l e a r n  of multi- cropping, minimum 
t i l l a g e  systems. 

It is a package approach. We do n o t  want t o  p l a n t  i n t o  a weed f i e l d .  
Plan through your County Extension Agent be fo re  implementing m i m i m u m  
t i l l a g e  p r a c t i c e s .  A management p l an  t o  f i t  your p a r t i c u l a r  farm and 
resources  w i l l  be  needed. Planning be fo re  implementation of new farming 
methods reduces chances of f a i l u r e  and i n s u r e s  proper  scheduling of pro­
duc t ion  act ivi t ies .  Ca l l i ng  your County Agent when problems occur  because 
of poor planning o f t e n  r e s u l t s  i n  no recourse  f o r  a s o l u t i o n .  The cropping 
system and method of t i l l a g e  should be  w e l l  planned and f i t  t o  t h e  indiv­
i d u a l  farm and management regime. The p l a n t i n g  and management of t h e  
succeeding or previous  c rop  may be  j u s t  as much o r  more important than 
t h e  current crop being grown under minimum t i l l a g e  methods. Subsoi l ing  
may n o t  b e  needed i n  a l l  i n s t ances ,  and f i e l d s  should be  inspec ted  as 
t o  need f o r  subso i l i ng  p r i o r  t o  p l an t ing .  The subso i l i ng  w i l l  r e q u i r e  
more f u e l  and horsepower than  doing s t r i c t l y  n o - t i l l  p l a n t i n g s .  Proper 
weed i d e n t i f i c a t i o n  and mapping of f i e l d s  are extremely important  i n  
t h e  s e l e c t i o n  of proper h e r b i c i d e s  f o r  a given s i t u a t i o n .  A working 
knowledge of minimum t i l l a g e  p r a c t i c e s  is needed by County Agents. I t  
is e s s e n t i a l  t h a t  t h e  agent  make a v a i l a b l e  t o  t h e  producer t h e  most cur-
r e n t  information on minimum t i l l a g e .  

Weather cond i t i ons  a f f e c t  our y i e l d s  r e g a r d l e s s  of t h e  cropping system 
being used. The weather causes our  g r e a t e s t  r i s k  i n  row-cropping today. 
We cannot c o n t r o l  weather p a t t e r n s  b u t  t h e  u s e  of minimum t i l l a g e  i n  
many s i t u a t i o n s  may he lp  i n s u r e  b e t t e r  growing condi t ions  and reduce 
adverse e f f e c t s  such as s o i l  e ros ion ,  leaching  of n u t r i e n t s ,  inadequate  
mois ture  a t  p l an t ing  t ime,  drought stress of c rops ,  l abo r  problems and 
time. 

A s  m u l t i p l e  cropping systems are put  i n t o  p r a c t i c e  by producers ,  more 
i n t e n s e  u s e  of a v a i l a b l e  land w i l l  occur.'. A s  energy c o s t s  i nc rease ,  
minimum t i l l a g e  systems w i l l  f i t  more and more i n t o  t h e  p i c t u r e  of modern 
day a g r i c u l t u r e .  

Minimum T i l l a g e  acreage has  i nc reases  s i n c e  1978, i n  Levy County. Corn, 
Soybeans and Grain Sorghum have been p l an ted  fol lowing win te r  r y e  and 
t h e  p r i o r  yea r s '  crop r e s i d u e s  by minimum t i l l a g e  methods. Several 
thousand acres of p ines  have been clear c u t  i n  t h e  p a s t  t h r e e  years .  
This  w i l l  i n c r e a s e  t h e  p o t e n t i a l  of crop damage by wind e ros ion .  Also, 
energy c o s t s  are a f f e c t i n g  o u r  a b i l i t y  t o  i r r i g a t e  economically.  Minimum 
t i l l a g e  p r a c t i c e s  should he lp  t o  reduce both wind e ros ion  and s o i l  mois­
t u r e  l o s s e s .  Again, we  must l e a r n  t o  f i t  t h i s  system of cropping t o  
our land and management, keep c u r r e n t  on product ion p r a c t i c e s ,  and re-
member t h a t  a t o t a l  management p lan  i s  needed t o  i n su re  t he  b e s t  u s e  
o f  capi ta l  and o the r  resources .  



BREEDING SMALL GRAINS: 

MINIMUM TILLAGE AND ENERGY IMPLICATIONS 


R. D. BARNETT, P. L. PFAHLER, AND H. H. LUKE 


Wheat, oats, and r y e  along w i t h  the clovers and ryegrass are used as the 
winter annual components o f  many multiple cropping systems commonly used 
in the southeastern United States. They can be used as forage o r  gra in  
crops, green manure, and cover crops, or as a weed suppressing and 
moisture holding mulch for summer row crops. Small grains requi re  relat ively 
low levels o f  input in the way o f  energy requi r ing fert i l izers and pesticides. 
They are able to  ut i l ize much o f  the ni t rogen f ixed by leguminous summer 
annuals, such as soybeans and peanuts, that  might be lost by leaching during
the winter months. They also are ve ry  eff icient in the uti l izat ion of  residual 
fert i l izers which have been applied to row crops. Small grains do requi re  
fert i l izat ion but not nearly as much as most summer annual grass or vegetable 
crops. 

Small grains do not requi re  nematicides o r  insecticides because these pests 
are relat ively inactive during the growing season o f  the small grains. Also, 
they do not require herbicides because ve ry  few winter weeds are able to 
compete w i t h  them. 

There are three methods o f  establishing a small gra in  crop: 1) prepared 
seedbed, 2) sod seeding in to  permanent pasture, and 3) aerial seeding into 
standing crops. The prepared seedbed method is  the best and most widely
used, though more costly. The major problem in sod seeding small grains 
into summer grasses is t h a t  the summer grass is vigorously growing at the 
ideal p lant ing time for small grains. The summer grass must be grazed 
ve ry  closely in order  to  obtain an acceptable stand o f  small grains. Sod 
seeding is usually more successful w i t h  ryegrass or clover since the i r  grow­
ing season does not overlap that  o f  the perennial grass. 

Aerial seeding i s  growing in popular i ty because it is cheaper, easier, and 
faster than conventional methods and can be done in to  a number o f  crops
but works best in soybeans. The seed are disseminated from the air just as 
the soybean leaves s tar t  to  turn yellow, then the leaves fal l  covering the 
seed. This works very  well w i t h  adequate moisture but does not w o r k  well 
during dry falls. It works best w i t h  the later-maturing soybeans since the i r  
leaf fall comes at the optimum time to  seed small grains. This system is used 
qui te extensively in the southeast for seeding r y e  and ryegrass for  winter-
grazing. 

Diseases are a major l imit ing factor to small g r a i n  production in Florida 
because the mild winters are extremely favorable for the maximum develop­
ment o f  p lant diseases. Minimizing the losses to disease requires an 
integrated approach that includes crop rotation, deep plowing, timely plant­
ing, var iety selection, and fungicides. Crop rotat ion is especially important 
R.  D. Barnett, Associate Professor o f  Agronomy, Agr icul tural  Research and 
Education Center, Route 3 Box 638, Universi ty o f  Florida, Quincy, Florida 
32351. P. L. Pfahler i s  Professor o f  Agronomy, Agronomy Department, Uni­
vers i ty  o f  Florida, Cainesville, Florida 32611; H. H. Luke is Professor o f  
Plant Pathology, SEA, U. S. Department o f  Agriculture, Plant Pathology 
Department, Universi ty o f  Florida, Gainesville, Florida 32611. 
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in the case o f  wheat because several serious diseases build up if wheat 
is grown on  the same area year af ter  year. Tu rn ing  the soil, although
rather expensive and requi r ing high energy, would help reduce the in i t ia l  
inoculum o f  several wheat diseases i f  wheat had recently been grown on the 
same area. This practice reduces weed problems for the following summer 
crop since many o f  the weed seed are buried. Also, any potential problem
that might be caused from a herbicide used on the previous summer crop
would be reduced since the herbicide residue would be di luted into a 
larger volume o f  soil. 

Fungicide seed treatments are a cheap way to avoid potential germination
problems. I f  the seed are not o f  top quali ty, seed treatment w i l l  often 
improve germination and insure a better stand. Seed treatments are 
especially useful when plant ing in ear ly fall when temperatures are high 
and seedling diseases are active. Seed treatments are helpful late in 
the season when the temperatures are ra ther  low and germination i s  slow. 
When the seedlings are below the soil surface over a long time period,
they are more susceptible to  attack by seedling diseases. 

Wheat i s  the most versatile o f  the small grains. It can be used as a 
grazing, silage, hay, greenchop, green manure, o r  mulch crop. It can 
also be used as a feed gra in  and most importantly as a food crop. The 
type o f  wheat grown in the southeast is soft red  winter wheat. The f lour 
from this type o f  wheat is not used in bread but is used in cakes, cookies, 
donuts, crackers, etc. H igh  qual i ty sof t  r e d  winter wheat should be low 
in protein and have a high test weight. Excess nitrogen ferti l ization w i l l  
cause the protein content to be too high and results in poor qual i ty wheat. 

Diseases are one o f  the major l imiting factors  in wheat production. Leaf 
rust ,  septoria glume blotch, and powdery mildew are al l  capable o f  causing 
substantial yield losses and must be controlled either by the use o f  resistant 
cul t ivars o r  fungicides. It is important in wheat production to adopt new 
cul t ivars as soon as they become available because after a few years new 
races o f  disease organisms develop and cause severe damage to  the new 
cult ivars. 

Increased wheat acreage in the southeastern United States has resulted in 
sharp yield reductions caused by lack o f  rotat ion and seedborne infestation 
by Septoria nodorum (13) .  Our observations and those o f  others indicate 
that  infested seeds are a major source o f  inoculum (10, 13) that  might be 
reduced by foliar fungicide applications (9 )  and by seed treatments. Other 
work w i t h  fungicides has shown that yield increases may be obtained when 
fungicides are used proper ly (3, 4, 8). 

Planting late in the season reduces the damage caused by several important 
pest o f  wheat, septoria, powdery mildew, and hessian fly. Some o f  the new 
early-maturing cul t ivars o f  wheat perform well from later plant ing and they 
fit in to  the multiple cropping systems better than the later-maturing cult ivars. 

A l l  small grains provide excellent winter pasture but there are marked dif­
ferences among species and cul t ivars in their  forage production. Under a 
monthly c l ipping schedule, r y e  yields considerably more forage than the other 
small grains (11). When used as a silage o r  hay crop, oats perform better 
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than the other small grains ( 2 )  . Rye produces more forage ear ly in the 
season, whereas oats and wheat produce most of  the i r  forage later in the 
season. 

There are also differences between cul t ivars in the i r  season o f  forage pro­
duction. For example, Florida 501 oats produces signif icantly more forage 
than Coker 227 in the fal l  but the reverse i s  t r ue  for spr ing  forage pro­
duction. Oats can be planted about one month earl ier in the fal l  than 
r y e  or wheat because oats have more resistance to  seedling diseases, and 
are more tolerant o f  heat stress. 

Rye i s  well suited to many multiple-cropping systems involv ing corn, peanuts, 
and vegetables and especially those that require the small gra in  be re-
moved ear ly as forage. Rye is better adapted than the other small grains to  
inferti le, sandy, acid soils and w i l l  produce a good crop w i t h  less fert i l izer. 
Rye grows at lower winter temperatures than the other small grains. It 
makes an excellent mulch for  no-till corn and i s  easily k i l led by herbicides. 

The breeding program on r y e  i s  centered on  leaf r u s t  resistance and forage
production. Attempts to select types that have resistance to  seedling 
disease are being made. Hopefully these types can be planted earl ier in 
the fall. Tetraploid ryes that should do the same for  r y e  production as 
tetraploid ryegrass has the ryegrass production are being developed. The 
tetraploids have larger seed and normally grow more vigorously than the 
diploid cult ivars. The tetraploids develop ear ly and remain vegetative 
longer in the spr ing than  the diploid, and therefore, increase the length o f  
the forage production season. 

A screening program for r y e  is in progress to  develop types that can be 
planted earlier for forage production. Th is  has been done by plant ing the 
r y e  one month before the earliest recommended date, mowing the plots 
regular ly during the winter, and then bulk harvesting the surv iv ing  plants. 
A number o f  single plant selections were made in 1979 af ter  5 cycles had been 
made. These w i l l  be increased and tested to determine if progress has been 
made in the development r y e  tha t  can be planted earl ier. 

Trit icale, a synthetic crop der ived from wheat x r y e  hybr ids  shows promise 
for forage and feed gra in  production. Most o f  the research done w i t h  th is  
crop has been done during the last ten years. In cl ipping trials, tr i t icale 
produced less forage than r y e  but more than wheat in Florida ( 1 ) .  It i s  
equal to  r y e  and wheat as a spr ing  silage crop but i s  infer ior  to oats (2) .  and 
is equal to  o r  better than r y e  and wheat as a grazing crop (6) .  In Georgia, 
t r i t icale has been found lacking in winter-hardiness and forage production (7).
Progress has been made in improving grain qual i ty and in developing shorter, 
earlier maturing, higher yielding types. New cul t ivars recently tested in 
Georgia (12), Alabama (14), and Florida (5) had higher grain yields than 
the best cul t ivars o f  the other small grains. The f i r s t  cul t ivar developed in 
the southeast was released during 1979 by Alabama A & M Universi ty ( 1 5 ) .  A 
number o f  cul t ivars have been released in Texas. Only a limited amount 
o f  tr i t icale has been grown in the southeast. 

Tri t icale produces vigorous, robust plants t h a t  are impressive in appearance
and yield better than the other small grains under stress conditions o f  limited 
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moisture or high temperatures. It has large seed which are less dense than 
wheat. Sl ight ly higher seeding rates may be required for trit icale. Tri t icale 
seems to  have fewer disease problems than wheat and i s  somewhat d i f f icu l t  
to thresh. It appears to have some potential in minimum tillage, low energy
applications but has a marketing problem since there are no regular marketing 
channels for trit icale. In i t ia l  use w i l l  probably be restr icted to the farms 
where it i s  produced. 
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CONSERVATION OF ENERGY I N  NO-TILLAGE SYSTEMS BY MANAGEMENT OF NITROGEN 

R .  L. BLEVINS, W. W .  FRYE AND M. J .  BITZER 

Energy conse rva t i on  i s  a major concern and p r i o r i t y  i n  a g r i c u l t u r e  today. 
The i n p u t s  of f e r t i l i z e r s ,  p e s t i c i d e s ,  and f u e l s  i n  crop produc t ion  have 
i nc r ea sed  r a p i d l y  i n  r e c e n t  y e a r s  and farming is now a very  energy depen­
den t  i n d u s t r y .  About 80 pe rcen t  of t h e  energy used by a g r i c u l t u r e  i s  
from l i q u i d  petroleum f u e l s  and n a t u r a l  ga s ,  which makes e f f i c i e n t  use  of 
energy i n  a g r i c u l t u r a l  p roduc t ion  even more important .  No- t i l l age  
systems of c rop  produc t ion  are one a l t e r n a t i v e  f o r  conserv ing  energy. 
Convent ional  t i l l a g e  of corn  and soybeans r e q u i r e s  l a r g e  amounts of f u e l  
i n  plowing and d i s k i n g  o p e r a t i o n s .  P a r t  of t he  f u e l  saved i n  n o- t i l l a g e  
due t o  fewer t r i p s  a c r o s s  t h e  f i e l d  i s  o f f s e t  by s l i g h t l y  h ighe r  amounts 
of h e r b i c i d e s  and, i n  some c a s e s ,  h ighe r  rates of N f e r t i l i z e r  used f o r  
n o - t i l l a g e  co rn  produc t ion .  

The g r e a t e s t  s i n g l e  energy i npu t  i n t o  co rn  product ion i s  n i t r o g e n  f e r t i l ­
i z e r ,  r e p r e s e n t i n g  almost  one-half of t h e  t o t a l  energy i n p u t  f o r  no-
t i l l a g e  corn.  Conclusions from earl ier  work i n  Kentucky (Thomas e t  a l . ,  
1973; Blev ins  e t  a l . ,  1977; M.  S. Smith, Univ. of Ky., pe r sona l  communi­
c a t i o n )  which are  p e r t i n e n t  t o  t h e  N s t a t u s  under n o- t i l l a g e  compared t o  
convent iona l  t i l l a g e  i nc lude  t h e  fo l lowing  a s s o c i a t e d  w i t h  n o- t i l l a g e :  

---Higher s o i l  water con t en t  a t  t h e  beginning of  any p a r t i c u l a r  r a i n -
f a l l  even t  

---Greater p r e s e r v a t i o n  of l a r g e  s o i l  pores  by l a c k  of  t i l l a g e  
---Slower ra te  of o r g a n i c  matter decomposition 
---Less m i n e r a l i z a t i o n  of N 

Higher immobil izat ion of N .  

These f a c t o r s  r e s u l t e d  i n  lower p l a n t  a v a i l a b l e  N under n o- t i l l a g e  du r ing  
t h e  growing season  due t o  h ighe r  l each ing  l o s s  of NO-3’ s lower  N release 
from o r g a n i c  matter and g r e a t e r  immobil izat ion.  These r e s u l t s  l e d  t o  
recommendation of h ighe r  rates of N f e r t i l i z e r  f o r  n o- t i l l a g e  corn  pro­
d u c t i o n  than  f o r  convent iona l  t i l l a g e .  But,  more r e c e n t  comparisons of 
y i e l d s  of n o- t i l l a g e  and convent iona l  t i l l a g e  corn (Frye e t  a l . ,  1978) 
showed a g r e a t e r  response  t o  N f e r t i l i z e r ,  h igher  y i e l d s  a t  h ighe r  N 
r a t e s ,  more e f f i c i e n t  use  of N f e r t i l i z e r ,  and a lower i npu t :ou tpu t  r a t i o  
of energy w i t h  n o- t i l l a g e .  

R .  L .  B lev ins  and W. W .  F r y e  a r e  Assoc i a t e  P ro fe s so r s  of Agronomy 
and M .  J .  B i t z e r  i s  Assoc i a t e  Extension P ro fe s so r  of Agronomy, Department 
of Agronomy, Un ive r s i t y  of Kentucky, Lexington, Kentucky 40546. 

The i n v e s t i g a t i o n  r epo r t ed  i n  t h i s  paper (No. 80-3-86) is  i n  con­
n e c t i o n  w i t h  a p r o j e c t  of t h e  Kentucky A g r i c u l t u r a l  Experiment S t a t i o n  
and i s  publ ished w i th  approva l  of t h e  D i r e c t o r .  
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I n  t h i s  paper ,  we d i s c u s s  t h e  response  of  n o - t i l l a g e  corn  t o  N f e r t i l ­
i z e r ,  compare t h e  N e f f i c i e n c y  i n  n o - t i l l a g e  and convent iona l  t i l l a g e  
systems,  and sugges t  b e t t e r  ways t o  manage n i t r o g e n  i n  n o - t i l l a g e  corn 
produc t ion .  By improved management of n i t r o g e n ,  energy i s  conserved o r  
used more e f f i c i e n t l y .  

Response t o  Ni t rogen  F e r t i l i z e r  

A summary of corn  y i e l d s  from a long-term n o - t i l l a g e  and convent iona l  
t i l l a g e  experiment i s  presen ted  i n  Table  1. On p l o t s  where no nitrogen 
w a s  a p p l i e d  t h e  10-year average  corn  y i e l d  w a s  76 bu/acre f o r  n o - t i l l a g e  
and 95 bu / ac r e  f o r  t h e  convent iona l  t i l l a g e  t r ea tmen t s .  W e  conclude t h a t  
a combination of g r e a t e r  l e ach ing  l o s s e s ,  a s lower  r a t e  of m i n e r a l i z a t i o n  
and more immobi l iza t ion  of N r e s u l t e d  i n  lower y i e l d s  and p l a n t s  showing 
more s e v e r e  N stress du r ing  t h e  growing season  i n  n o - t i l l a g e .  Ni t rogen 
rates  above 75 l b / a c r e  r e s u l t e d  i n  s l i g h t l y  h ighe r  g r a i n  y i e l d  f o r  no-
t i l l a g e  compared w i t h  convent iona l  t i l l a g e .  The lower y i e l d s  w i t h  no-
t i l l a g e  a t  low l e v e l s  of N f e r t i l i z e r  and h ighe r  y i e l d s  a t  h ighe r  rates 
of N f e r t i l i z e r  are similar t o  r e s u l t s  r epo r t ed  by Bandel e t  a l . ,  1975 i n  
Maryland and Moschler e t  a l . ,  1974 i n  V i r g i n i a .  

In our  exper iments  (Table  l), h i g h e s t  y i e l d s  were ob t a ined  du r ing  t h e  
second and t h i r d  y e a r s  (1971 and 1972). Both of t h e s e  y e a r s  had a very  
f a v o r a b l e  d i s t r i b u t i o n  of  r a i n f a l l  f o r  corn ,  whereas t h e  f i r s t  y e a r  
(1970) had low r a i n f a l l  du r ing  t h e  growing season .  The h igh  y i e l d  w i t h  
no n i t r o g e n  f e r t i l i z e r  i s  evidence t h a t  t h e  s o i l  i n i t i a l l y  had a h igh  
p o t e n t i a l  f o r  s o i l  n i t r o g e n  m i n e r a l i z a t i o n .  Y ie ld s  produced i n  t h e  t e n t h  
y e a r  (1979) were comparable t o  t h e  10-year average ,  excep t  f o r  t h e  
observed y i e l d  dec rea se  i n  t h e  ze ro  n i t r o g e n  t rea tment  of convent iona l  
t i l l a g e .  Th i s  sugges t s  t h a t  corn  y i e l d s  can be maintained over  a long  
pe r iod  of t i m e  i n  n o - t i l l a g e  as w e l l  as convent iona l  t i l l a g e .  

A comparison of y i e l d s  on t h e  Maury s o i l  t o  y i e l d s  on o t h e r  wel l -drained 
s o i l s  i n  Kentucky i s  shown i n  Table  2 .  Y ie ld s  from n o - t i l l a g e  and 
convent iona l  t i l l a g e  r e c e i v i n g  150 l b  N/acre showed t h e  h i g h e s t  y i e l d  
i n c r e a s e  f o r  n o - t i l l a g e  on t h e  Cr ide r  s i l t  loam s o i l .  The C r i d e r  i s  a 
deep,  wel l -d ra ined  s o i l  developed i n  residuum of l imes tone  w i t h  a t h i n  
l a y e r  of loess  a t  t h e  s u r f a c e .  The wel l -drained t o  moderately  w e l l -
d r a ined  s l o p i n g  s o i l s  w i t h  moderate p o r o s i t y  seem b e s t  s u i t e d  f o r  no-
t i l l a g e  systems i n  Kentucky. No- t i l l age  on s o i l s  w i t h  h igh  water t a b l e  
o r  s low i n t e r n a l  d r a inage  o f t e n  r e s u l t s  i n  lower y i e l d s  of corn than 
convent iona l  t i l l a g e .  This  is r e l a t e d  t o  i nc r ea sed  wetness  due t o  t h e  
s u r f a c e  mulch and c o o l e r  temperatures  a t  p l a n t i n g  t i m e ,  which c o n t r i b u t e  
t o  lower p l a n t  s t a n d s ,  t h e  development of stress c o n d i t i o n s  du r ing  e a r l y  
s t a g e s  of growth and, perhaps,  d e n i t r i f i c a t i o n  l o s s  of N .  
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Table 1. 	 Summary of corn y i e l d s  from limed p l o t s  on a Maury s i l t  loam 
s o i l  a t  Lexington, Ky. wi th  d i f f e r e n t  levels of n i t rogen  and 
n o- t i l l a g e  and convent ional  t i l l a g e  systems. (Yields  from 
unlimed p l o t s  omit ted f o r  b r e v i t y . )  

1970 	 90 99 99 105 
91  90 90 90 

1971 	 NT 
CT 

1972 	 NT 
CT 

1973 	 NT 
CT 

1 9 7 4  	 NT 
CT 

1975 	 NT 
CT 

1976 	 NT 
CT 

1977 	 NT 
CT 

1978 	 NT 
CT 

1979 	 NT 
CT 

99 166 170 1 7 3  
151  180 159 162 

118 153 149 155 
130 161 159 165 

66 119 126 1 2 1  
66 1 23 129 135 

89 154 165 1 6 7  
129 162 163 162 

60 97 100 106 
78 80 8 2  96 

69 144 156 170 
85 129 1 4 1  1 4 1  

58 106 109 115 
88 1 23 1 2 7  132 

33 78 85 99 
67 100 97  100 

73 118 1 2 3  1 2 1  
68 130 124 123 

10-year NT 76 123 128 133 
Ave . CT 95 128 125 131 

‘NT = No-Tillage; CT = Conventional T i l l a g e .  

Table 2. 	 Average corn  g r a i n  y i e l d s  produced on well- drained s o i l s  i n  
Kentucky by n o- t i l l a g e  and convent ional  t i l l a g e  systems w i t h  
150 l b / a c r e  N .  

Number of 
Grain y i e l d s  

Conventional 

Maury s i l t  loam 10 
Cr ider  s i l t  loam 5 
Allegheny loam 3 

128 

158 

175 


125 

133 

174 
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Nitrogen Ef f i c i ency  

Table 3 shows t h e  N f e r t i l i z e r  e f f ic iency- va lues  f o r  t h e  y i e l d  re­
sponses t o  each 75-lb increment of t he  75- and 150-lb rates of N f e r t i l ­
iz 'er f o r  n o- t i l l a g e  and convent ional  t i l l a g e  corn on t h e  Maury s o i l  a t  
Lexington which was shown i n  Table 1. Grain y i e l d s  from each pound of N 
f e r t i l i z e r  of bo th  increments were g r e a t e r  f o r  n o- t i l l a g e  than  conven­
t i o n a l  t i l l a g e ,  This  may be somewhat misleading wi th  regard  t o  t h e  f i r s t  
increment, s i n c e  t h e  average y i e l d s  wi th  both t h e  0 and 75 l b / a c r e  N 
t rea tments  were lower f o r  n o- t i l l a g e  p l o t s  than f o r  convent ional  t i l l a g e  
(Table 1). But t h e  e f f i c i e n c y  values i n  Table 3 are based on increases  
i n  y i e l d  r e s u l t i n g  from t h e  added n i t r o g e n  f e r t i l i z e r .  I f  one looks a t  
t h e  y i e l d  response i n  Table 1 together  wi th  t h e  N f e r t i l i z e r  e f f i c i e n c y  
va lues  i n  Table 3 ,  t h e  r e su l t s  suggest  t h e  need f o r  s l i g h t l y  more N 
f e r t i l i z e r  t o  o b t a i n  maximum y i e l d s  i n  n o- t i l l a g e ;  however, t h e  n i t rogen  
f e r t i l i z e r  i s  used more e f f i c i e n t l y .  The more e f f i c i e n t  use of n i t rogen  
i n  n o- t i l l a g e  corn is probably due t o  t h e  s o i l  mois ture  conserved by no-
t i l l a g e .  

Table 3 .  	 Ef f i c i ency  of n i t rogen  f e r t i l i z e r  i n  n o- t i l l a g e  and conven­
t i o n a l  t i l l a g e  corn grown on Maury s o i l  a t  Lexington, Ky. 
(Based on 10-year average y i e l d s . )  

N f e r t i l i z e r  l b  grain/lb N t BTU i n  grain/BTU i n  N' 

app l i ed  N o- t i l l  Conventional No- t i l l  Conventional 

1st 75 l b / a c r e  35.1 24.6 9 .5 : l  6 . 7 : l  
2nd 75 l b / a c r e  3.7 - 3.7 1 . O : l  - 1 . O : l  

'Calculated by s u b t r a c t i n g  y i e l d  without  N f e r t i l i z e r  from y i e l d  wi th  N 
f e r t i l i z e r  and d iv id ing  by incremental  amount of N f e r t i l i z e r  app l i ed ,  
i n  t h i s  case, 75. 

' 6 , 8 0 0  BTU/lb corn g ra in ;  25,000 BTU/lb N .  

Using a va lue  of 25,000 BTU/lb of N ,  each l b  is equ iva l en t  t o  less than 
one q u a r t  of gaso l ine  (145,000 BTU/gal) o r  about one p i n t  of d i e s e l  f u e l  
(207,000 BTU/gal). Therefore,  t o  r e a l i z e  t h e  f u l l  e f f e c t s  of n o- t i l l a g e  
on energy conserva t ion ,  i t  must be  viewed i n  terms of improved energy 
input :output  r a t i o  a s soc i a t ed  w i t h  h igher  crop y i e l d  o r  g r e a t e r  N e f f i ­
ciency.  Table 3 shows t h e  N f e r t i l i z e r  e f f i c i e n c y  va lues  converted t o  
energy input :output  r a t i o s .  They do not  r ep re sen t  d i r e c t  energy savings  
bu t  r ep re sen t  more e f f i c i e n t  use of energy i n  n o- t i l l a g e  crop product ion.  
No- t i l lage  i t s e l f  r e s u l t s  i n  d i r e c t  energy conserva t ion  through less f u e l  
consumption than  convent ional  t i l l a g e .  These d a t a  p o i n t  ou t  t h a t  t h e  
energy saved wi th  reducing t i l l a g e  ope ra t ions  i s  not  l o s t  i n  a d d i t i o n a l  N 
f e r t i l i z e r  t h a t  may be recommended f o r  n o- t i l l a g e  corn. 

N f e r t i l i z e r  e f f i c i e n c y  a s  used i n  t h i s  paper i s  g r a i n  y i e l d  wi th  N 
f e r t i l i z e r  minus g r a i n  y i e l d  without  N f e r t i l i z e r .  
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E f f e c t  of N F e r t i l i z e r  Management P r a c t i c e s  

C e r t a i n  N f e r t i l i z e r  management p r a c t i c e s  may r e s u l t  i n  d i r e c t  energy 
s av ings  o r  more e f f i c i e n t  use  of energy i n  n o- t i l l a g e  systems. These 
p r a c t i c e s  may prov ide  t h e  N e f f i c i e n c y  necessary  t o  a l low t h e  farmer t o  
u se  n o- t i l l a g e  and o b t a i n  t h e  energy conse rva t i on  b e n e f i t s  a s s o c i a t e d  
w i t h  i t  wi thout  r e q u i r i n g  more N f e r t i l i z e r  t o  main ta in  y i e l d s  equa l  t o  
o r  g r e a t e r  than  convent iona l  t i l l a g e .  

-A s  poin ted  o u t  p r ev ious ly ,  l o s s  of NO 3 by l each ing  du r ing  t h e  growing 
season  w a s  g r e a t e r  under n o- t i l l a g e  than under convent iona l  t i l l a g e  
(Thomas e t  a l . ,  1973).  N may be  l o s t  a l s o  by d e n i t r i f i c a t i o n  when s o i l  
mo i s tu r e  remains above f i e l d  c a p a c i t y  f o r  pe r iods  of s e v e r a l  days where 
e a s i l y  ox id ized  o r g a n i c  matter is p re sen t .  These c o n d i t i o n s  o f t e n  occur  
under n o- t i l l a g e  on s o i l s  w i t h  s t i c k y  c l a y  s u b s o i l s  o r  on s o i l s  w i th  
f r a g i p a n s  t h a t  r e t a r d  i n t e r n a l  water movement. To avoid t h e s e  l o s s e s ,  a 
s p l i t  a p p l i c a t i o n  o r  delayed a p p l i c a t i o n  of N f e r t i l i z e r  4 t o  6 weeks 
a f t e r  p l a n t i n g  has  become an  accepted and u s e f u l  management p r a c t i c e  i n  
Kentucky. Table  4 shows t h e  r e s u l t s  from a s tudy  of t h e  optimum appl ica­
t i o n  of N f e r t i l i z e r  f o r  corn  on a we l l- to  moderately wel l- drained,  
s lowly  permeable Hampshire s i l t  loam s o i l .  The delayed a p p l i c a t i o n  of 
150 l b / a c r e  N as  ammonium n i t r a t e  gave s i g n i f i c a n t l y  h ighe r  y i e l d s .  
Y ie ld s ,  N f e r t i l i z e r  e f f i c i e n c y ,  and energy e f f i c i e n c y  are favored by 
d e l a y i n g  t h e  N f e r t i l i z e r  on s o i l s  w i th  slow permeabi l i ty .  

Table  4 .  	 E f f e c t  of t i m e  of n i t r o g e n  a p p l i c a t i o n  as ammonium n i t r a t e  on 
n o- t i l l a g e  corn  produc t ion  on a Hampshire s i l t  loam s o i l  i n  
F r a n k l i n  County, Ky. 

E f f i c i ency  of N f e r t i l i z e r  

N a p p l i e d  (lb/acre) 
Yield 

(bu/acre) 
l b  grain/ BTU i n  g r a  
l b  N BTU i n  N

- -

150 delayed 5 weeks 131  20.5 5 .6 : l  
75 a t  p l a n t i n g  + 75 delayed 135 22.0 6 .0 : l  

75 
150 a t  p l a n t i n g  104 10.4 2.8:l 

by s u b t r a c t i n g  y i e l d  wi thout  N f e r t i l i z e r  from y i e l d  w i th  N 
f e r t i l i z e r  and d i v i d i n g  by t h e  amount of N f e r t i l i z e r  app l i ed  (150).  

'6,800 BTU/lb corn  g r a i n ;  25,000 BTU/lb N .  

Losses  of N by l e ach ing  and d e n i t r i f i c a t i o n  are l i k e l y  t o  be  g r e a t e r  
e a r l y  i n  t h e  cropping season  i n  Kentucky, account ing  f o r  t h e  b e n e f i c i a l  
e f f e c t s  of de l ay ing  a p p l i c a t i o n  of N f e r t i l i z e r .  F e r t i l i z e r  recommenda­
t i o n s  i n  Kentucky s t a t e  t h a t  rates of N f e r t i l i z e r  can be  decreased by 35 
l b / a c r e  N ,  i f  as much as two- thirds  of t h e  N i s  delayed 4 t o  6 weeks f o r  
n o- t i l l a g e  corn on moderately  wel l- drained s o i l s  and f o r  convent iona l  
t i l l a g e  corn  on moderately  w e l l  and poor ly  dra ined  s o i l s .  The N saved by 
this p r a c t i c e  r e p r e s e n t s  about 875,000 BTU of energy o r  about 6 g a l  o l  
g a s o l i n e  p e r  a c r e .  I t  should be pointed o u t ,  however, t h a t  t he  N 

0 
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recommendation on soils with impaired drainage is 50 lb/acre more than on 
well-drained soils if the N fertilizer is all applied at planting. Thus, 
even with delayed application, at least 15 lb/acre more N is recommended 
for soils with impaired drainage as a safe-guard against the greater 
potential N loss. 


An additional management practice recommended for no-tillage corn pro­
duction on wet soils is delaying planting for 2 to 3 weeks later than the 
recommended planting date for conventional tillage corn. This practice 
usually results in a better stand of plants and allows application of N 
fertilizer after the soil has dried out but before N demand is high in 
the crop. 

A nitrification inhibitor, nitrapyrin,2/ sprayed onto granules of ammo­
nium nitrate fertilizer which was broadcast on the soil surface sub­
stantially increased yields of no-tillage corn in experiments over 
several years at several locations in Kentucky (manuscript in review). 
Yield increases ranged up to 46%, depending on soil and weather con­
ditions. The increased N fertilizer efficiency achieved by inhibiting 
nitrification also would represent considerable energy efficiency. 

Another approach to energy conservation through N fertilization is to 
provide N to the no-tillage corn crop by growing winter-annual legumes as 
cover crops. Winter cover crops included in this research in Kentucky 
are hairy vetch, bigflower vetch, crimson clover and rye. Preliminary 
results show that the legumes can provide substantial amounts of nitrogen 
for no-tillage corn, with hairy vetch being more effective than the 
others. In 1979, grain yields on plots with hairy vetch but with no N 
fertilizer were statistically equal to yields on other plots with 88 
lb/acre N fertilizer added, N fertilizer conservation of such a magni­
tude would represent considerable conservation of energy. 

Summary 


No-tillage production of corn requires considerably less tractor fuel 

than conventional tillage, but N management is more critical due to 

slower mineralization, higher immobilization and potentially greater 

losses by leaching and denitrification of NO- More N fertilizer may be
3'recommended for no-tillage corn, but the N is usually more efficient, 
producing more grain/lb of N than under conventional tillage. Several N 
management practices have been shown to improve N efficiency in no-
tillage experiments in Kentucky, thus contributing to energy conserva­
tion. These practices include delaying N fertilizer application for 4 to 
6 weeks after planting corn, growing winter-annual legumes as cover crops 
for no-tillage corn, spraying a nitrification inhibitor (nitrapyrin) onto 
N fertilizer granules, and delaying planting on wet soil until it has 
dried out and the potential for denitrification has diminished. 

1/	Nitrapyrin, 2-chloro-6(trichloromethyl) pyridine, is manufactured by 
Dow Chemical U . S . A . ,  Midland, Mich. 
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These management practices along wi th  t h e  gene ra l ly  more e f f i c i e n t  use of 
N f e r t i l i z e r  i n  n o- t i l l a g e  a l low farmers  t o  o b t a i n  t h e  energy conserva­
t i o n  a s soc i a t ed  wi th  f u e l  sav ings  in n o- t i l l a g e  due t o  fewer t r i p s  ac ros s  
t h e  f i e l d  wi thout  having t h i s  advantage negated by a p p l i c a t i o n  of h igher  
rates of N f e r t i l i z e r .  Through e f f i c i e n t  N management n o- t i l l a g e  can b e  
both  a d i r e c t  and i n d i r e c t  energy conserving p r a c t i c e ,  and y i e l d s  equal  
t o  o r  g r e a t e r  than  convent iona l  t i l l a g e  can be  maintained.  
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DOUBLE CROPPING SOYBEANS SUCCEEDING SOYBEANS IN FLORIDA 

K.  J .  BOOTE 

INTRODUCTION 

Growing two crops during t h e  w a r m  season is  poss ib le  i n  much of  Flor ida  
where s o i l  temperature i s  adequate and the  f r o s t - f r e e  period exceeds 240 
days. Soybean (Glycine max L.  Merr ,) ,  because of i t s  photoperiodic sens i ­
t i v i t y ,  i s  usual ly  planted as t h e  second crop, e i t h e r  a f t e r  a cool season 
cereal  o r  a f t e r  a warm season crop such as vegetables,  melons, o r  e a r l y  
maturing corn (Zea mays L.) i n  Flor ida  (Gui lar te  e t  a l . ,  1975; Prine e t  a l . ,  
1978; Gallaher e t  a l . ,  1979). However, experiments i n  Flor ida  by Boote 
(1977, 1980) demonstrated t h a t  e a r l y  maturing soybean c u l t i v a r s  can be 
planted i n  March f o r  maturi ty i n  late June, with s u f f i c i e n t  time t o  p lan t  
a second warm season crop, such as adapted late-maturing soybeans (Guilarte 
e t  a l . ,  1975; Prine e t  a l . ,  1978; Akhanda e t  a l . ,  1976). 

In  order  t o  produce two soybean crops per  year,  the  f i r s t  crop must be 
planted e a r l y  t o  a c u l t i v a r  from e a r l y  maturi ty groups ( l e s s  than group V) 
so t h e  crop w i l l  progress rap id ly  i n t o  seed growth and mature by l a t e  June 
(Boote 1977, 1980). The optimum Maturity Group (MG) f o r  the  f i r s t  crop was 
Group III, although Groups I I  and I V  were acceptable.  When planted i n  March, 
c u l t i v a r s  o f  MG V through VIII were induced t o  flower by the  i n i t i a l l y  shor t  
days, but  t h e  accelera t ing daylengths delayed subsequent reproductive develop­
ment and delayed maturi ty u n t i l  September-October (Boote, 1977, 1980). Thus 
p lant ing a second soybean crop was not f e a s i b l e  a f t e r  MG V, V I ,  V I I ,  VIII 
and later c u l t i v a r s .  Long photoperiods a f t e r  flowering have been shown t o  
prolong post-flowering development and reduce p a r t i t i o n i n g  of  dry matter t o  
seeds (Johnson e t  a l . ,  1960; Lawn and Byth, 1973; Raper and Thomas, 1978; 
Thomas and Raper, 1976). Hartwig (1954) observed flowering a t  49 and 4 1  
days a f t e r  emergence f o r  MG V I  and VII c u l t i v a r s  planted Apri l  10 a t  Stone­
v i l l e ,  MS ( l a t i t u d e  330 20'  N), but  reported t h a t  t h e  p lan t s  aborted near ly  
a l l  e a r l y  flowers and matured i n  October. 

In addition t o  c u l t i v a r  se lec t ion ,  March-planted e a r l y  maturing soybeans may 
encounter severa l  o the r  problems including the  hazard of l a t e  f r o s t s  and cool 
s o i l  temperature which causes slow emergence and reduced e a r l y  growth (Hart-
wig, 1954). When planted i n  lower l a t i t u d e s  including Flor ida ,  e a r l y  matur­
i t y  groups flower ea r ly ,  a r e  shor t ,  and s e t  t h e i r  pods lower (Whigham and 
Minor, 1978; Boote, 1977). Incomplete canopy cover can be overcome by plant­
i n g  i n  narrow rows, but  low pod s e t  remains a more challenging problem. 

This paper addresses t h e  f e a s i b i l i t y  of double cropping soybeans succeeding 
soybean. Speci f ic  ob jec t ives  were t o  evaluate soybean c u l t i v a r s  i n  a range 
of Maturity Groups f o r  y i e l d ,  reproductive development, and s u i t a b i l i t y  a s  
t h e  f i rs t  crop i n  double cropping systems o r  a s  t h e  second crop i n  double 

K.  J. Boote i s  Associate Professor of Agronomy, Department of Agronomy, 304 
Newel1 Hall ,  Universi ty of Florida,  Gainesvil le ,  FL 32611. 
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cropping systems i n  F lo r ida ,  and t o  eva lua te  row spacing,  p l a n t i n g  methods, 
and o the r  c u l t u r a l  p r a c t i c e s  needed t o  grow two soybean crops per  year  i n  
F lor ida .  

MATERIALS AND METHODS 

F i r s t  Crops: Soybeans were grown dur ing  the  s p r i n g  seasons (1976-1979) a t  

t h e  Univers i ty  of F lor ida  Agronomy Farm, Gainesvi l le ,  FL  (Lat i tude  29o 40' 

N). The soybean c u l t i v a r s  and p lan t ing  da te s  are l i s t e d  i n  the  Tables.  

The s o i l  type i n  the  experimental areas was Kendrick sand, a loamy, s i l i c e o u s ,  

hyperthermic Arenic Pa leudul t  i n  1976, 1978, and 1979; and a Eainesv i l l e  sand, 

a hyperthermic, coated Typic Quartzipsamment i n  1979. S o i l  pH was a t  recom­

mended l e v e l s  o r  co r rec t ed  by preplant  dolomite add i t ion .  F e r t i l i z e r  (40 

kg N ,  35 kg P,  and 133 kg K) was incorpora ted  be fo re  p l a n t i n g  the  first crop. 

The f i e l d s  were plowed and disked p r i o r  t o  p l an t ing .  Agr i cu l tu ra l  chemicals 

a r e  given as act ive ing red ien t s  per  h e c t a r e .  Nematode con t ro l  was furn ished  

i n  1976 and 1977 by i n j e c t i n g  26 kg/ha o f  1,2-dibromo-1-3-chloropropane. In  
1978, fenamiphos (ethyl-3-methyl-4- (methyl thio)phenyl  (1-methylethy1)phosphor­
amidate) was disked i n  a t  7.5 kg/ha. No nematocide was used i n  1979. Weeds 
were c o n t r o l l e d  with pre-emergence he rb ic ides  : i n  1976, 2 . 2  kg/ha a l a c h l o r  
(2-chloro-2', 6'-diethyl-N-(methoxymethy1) acetanilide) and 2.5 kg/ha dinoseb 
(2-sec-butyl-4,6-dinitrophenol, i n  1977, 1.3 kg/ha benef in  (N-butyl-N-ethyl - a ,  
a,a-trifluoro-2,6-dinitro-p-toluidine), 2.6 kg/ha ve rno la t e  (S-propyl dipropyl  
thiocarbamate) ,  2 . 2  kg/ha a l a c h l o r ,  and 2.8 kg/ha dinoseb; i n  1978, 1 . 3  kg/ha 
benefin;  i n  1979, 1 . 3  kg/ha benef in ,  2 . 2  kg/ha a l a c h l o r ,  2 . 2  kg/ha naptalam 
(N-1-naphthylphthalamic a c i d ) ,  and 1.1 kg/ha dinoseb. Moderate he rb ic ide  
in ju ry ,  probably f r o m  ve rno la t e ,  was observed i n  1977. F o l i a r  feeding i n -
sects were n o t  a problem; however, 0.5 kg/ha o f  methomyl (S-methyl-N- ((methyl­
carbamoy1)oxy) th ioace t imidate)  was appl ied  25 May 1976 f o r  an i n f e s t a t i o n  o f  
southern green s t inkbug (Nezara v i r i d u l a  L . ) .  P lo t s  were i r r i g a t e d  t o  supple­
ment r a i n f a l l  during t h e  season.  

The experimental design was a randomized complete block.  Repl ica t ions  numbered 
th ree ,  s i x ,  four ,  and four  i n  1976 through 1979, r e spec t ive ly .  Seeds were 
p lanted  i n  31-cm rows i n  1976 and 1977, 25-cm rows In  1978, and 35-cm rows i n  
1979. Seeding dens i ty  ranged from 56 t o  64 seeds/m2 . Each p l o t  cons is ted  
o f  f i v e  o r  s i x  rows 5 m long o f  which the  c e n t e r  t h r e e  o r  fou r  rows were har­
ves ted  f o r  y i e l d .  

Reproductive development o f  c u l t i v a r s  was observed as days from emergence t o  
R 1  (50% o f  p l a n t s  having one f lower) ,  R4  (50% having a 2.0 c m  long pod any-
where on t h e  p l a n t ) ,  R5 (50% having d e t e c t a b l e  bean swel l ing  i n  any pod), 
and R8 (95% o f  t h e  pods a t  mature c o l o r ) .  The reproduct ive s t ages  d i f f e r  
s l i g h t l y  from those  o f  Fehr e t  a l  (1971) and Fehr and Caviness (1977) i n  t h a t  
R3, R4, and R5 s t a g e s  p e r t a i n  t o  pods a t  any node on the  p l a n t  r a t h e r  than 
a t  t h e  top  fou r  nodes having fully-expanded leaves .  

The soybeans were hand-harvested a few days a f t e r  reaching R8 matur i ty ,  warm 
a i r - d r i e d ,  and threshed .  Yield of c lean  seed per  p l o t  was based on harves ted  
a reas  (bordered middle rows) o f  4.46 m2 i n  1976 and 1977, 4.34 m2 i n  1978, 
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and 5.12 m2 i n  1979. Average he igh t  t o  t i p  o f  main stem was measured a t  
matur i ty .  Seed q u a l i t y  was r a t e d  on a scale o f  1 (very good) t o  5 (very 
poor) .  Weight p e r  100 seeds was determined. To es t imate  combine ha rves t -
a b i l i t y ,  a t  l e a s t  50 cm of bordered row was c u t  i n t o  two segments; s o i l  
l i n e  t o  8 cm, and above 8 cm. Indiv idual  segments were threshed s e p a r a t e l y  
and percent  seed weight below 8 cm h e i g h t  was determined. A l l  d a t a  on re-
product ive  development and y i e l d  c h a r a c t e r i s t i c s  were subjec ted  t o  a n a l y s i s  
o f  variance.  C u l t i v a r  means were compared by t h e  new Duncan's Mul t ip le  
Range t e s t .  The e r r o r  term was t h e  c u l t i v a r  by r e p l i c a t i o n  mean square.  

Second Crop: The second crop 'Cobb' soybeans were p lan ted  30 June 1977, 29 
June 1978, and 27 June 1979 i n  92,  46, and 35-cm rows, respec t ive ly .  T i l l a g e  
p r i o r  t o  t h e  second crop cons i s t ed  o f  d i sk ing  i n  1977, plowing and d i sk ing
i n  1976, and n o- t i l l a g e  i n  1979. No nematocide o r  a d d i t i o n a l  f e r t i l i z e r  
was appl ied .  Alachlor ,  a t  2 .2  kg/ha was used a l l  t h r e e  years  f o r  weed 
c o n t r o l  w i th  a d d i t i o n  o f  2 .2  kg/ha of glyphosate (N(phosphonemethy1)glycine) 
on n o- t i l l a g e  p l o t s  i n  1979. Cu l t iva t ion  was done i n  1977 and 1978. The 
second crops were i r r i g a t e d  i n  1978 and 1979. I n s e c t i c i d e s  were needed i n  
1978 and 1979. Four y i e l d  r e p l i c a t e s  were harves ted  each yea r  from border­
ed  rows similar i n  area t o  t h e  f i rs t  crop. Yield and matur i ty  c h a r a c t e r i s ­
t i c s  were handled s i m i l a r l y  t o  the  f i r s t  crop.  To convert  kg/ha t o  lb / ac ,  
mu l t ip ly  by 0.892. Divide lb /ac  by 60 t o  ob ta in  bu/ac. 

RESULTS AND DISCUSSION 

Cul t iva r s  wi th  S u i t a b l e  Reproductive Development f o r  Firs t  Crop: Maturi ty 
d a t a  from 1976 and 1979 (Table 1) shows c u l t i v a r s  from a range o f  Maturi ty 
Groups (MG) . Maturi ty d a t a  from- 1977 and 1978 were in termedia te  t o  those-
i n  1976 and 1979. Reproductive development and ma tu r i ty  was prolonged i n  
1976, p a r t i a l l y  due t o  season and p a r t i a l l y  due t o  southern  green s t inkbug 
damage. In  1979, t h e  only year  nematocide was n o t  app l i ed ,  nematode i n j u r y  
may have hastened reproduct ive  development and senescence, e s p e c i a l l y  f o r  
t h e  f i r s t  t h r e e  c u l t i v a r s  l i s t e d .  

Cu l t iva r s  i n  MG 00 through I inc luding  'Corsoy' (MG 11) flowered e a r l y  (29 
days af ter  emergence) and d id  not  d i f f e r  s i g n i f i c a n t l y  i n  days from emer­
gence t o  R 1 ,  R4, and R5. However, they  d i f f e r e d  up t o  6 days i n  time t o  
matur i ty .  Maturi ty Group 11, 111, and I V  c u l t i v a r s  flowered 1 t o  2 days 
later;  t h e r e a f t e r ,  each r e s p e c t i v e  MG was p rogres s ive ly  somewhat slower i n  
reaching each success ive  reproduct ive  s t a g e .  The l a r g e s t  d i f f e r e n c e  among 
MG 00 t o  I V  c u l t i v a r s  occurred i n  days from RS (bean swell) t o  R8 (95% pod 
ma tu r i ty ) .  The s l i g h t l y  slower reproduct ive  development o f  MG II, III, and 
I V  cul t ivars  con t r ibu ted  t o  t a l l e r  p l a n t s  with 1 t o  2 more nodes, bu t  t he  
s i g n i f i c a n t l y  longer  pod f i l l  pe r iod  (R5 t o  R8) gave t h e s e  c u l t i v a r s  a con­
s i d e r a b l e  y i e l d  advantage over  MG 00, 0 ,  and I (Table 2 ) .  

The MG V, V I ,  and V I I  c u l t i v a r s  were delayed i n  f lowering and slower i n  
reproduct ive  development than MG I V  and e a r l i e r  c u l t i v a r s .  They flowered 
a t  l e a s t  10 days l a t e r  than MG I V  c u l t i v a r s .  The s u b s t a n t i a l  s h i f t  i n  
reproduct ive  behavior  from MG I V  t o  MG V i s  noteworthy. Reproductive 
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behavior  o f  'Essex', t y p i c a l  of MG V, was more comparable t o  t h a t  o f  MG V I  
and V I I  t han  t o  t h a t  of MG I V .  ' H i l l '  does n o t  e x h i b i t  f lowering behavior  
t y p i c a l  o f  MG V ( K .  Hinson, personal  communication). C u l t i v a r s  l a t e r  than 
MG I V  r equ i r ed  3 t o  20 more days from R 1  t o  R4 than  d i d  ear l ier  M G ' s .  Most 
of t h i s  de lay  was l a g  time before  any a c t i v e  pod e longa t ion .  Subsequent 
reproduct ive  development (R5 t o  R8) was a l s o  prolonged for  MG V t o  VII 
c u l t i v a r s .  Essex and H i l l  s e t  a reasonable pod load, bu t  la ter  c u l t i v a r s  
such as Bragg' (MG VII) remained green and s e t  pods a t  a very slow ra te  
and d id  n o t  mature u n t i l  t h e  normal time i n  October. Essex and H i l l  had 
80 t o  90% mature pods by 25 Ju ly  and 31 J u l y ,  r e s p e c t i v e l y ,  bu t  t h e  re­
mainder o f  t h e  pods s tayed  green, and t h e  p l a n t s  r e t a i n e d  one- th i rd  of  
t h e i r  green leaf area a t  t h a t  time. 

Table 1.	 Reproductive development of  soybean c u l t i v a r s  p lan ted  i n  March 
o f  1976 and 1979 a t  Ga inesv i l l e ,  FL. 

Cul t i v a r  Maturi ty  Nodes 
Group a t  Reproductive Development Stage 

Maturi ty  R 1  R 4  R5 R8 
--- - - -days a f t e r  emergence--------

_ _ _ _ _ _  
Fiskeby V 
Altona 
Portage 
Clay 
Evans 
Hodgson 
S t e e l e  
Corsoy 
Amsoy 71 
W i  11i
Call and 
Cu t l e r  71 
Bonus 
Hood 

000 30ef * 38f 45f 7 7 f  
00 29f 38f 46ef 81e 
00 29 f 38f 46ef 82e 

0 29 f 38f 46ef 82e 
0 30ef 38f 47ef 86d 
I 38f 4 7def 87d 
I 30ef 39f 85d 

39f 93c 
31d 41e 94c 
32cd 4 49cd 
31de 4 49c 
33c 44c 52b 
33c 44c 50bc 108a 
5 71a 76a -
45b 68b 75a -

Maple Arrow 
Amsoy 71 
Woodworth 
W i  11iams 
Union 
Frankl in  
C u t l e r  71  

ex 

00 28e 37g 40f 76h 

29de 
39fg
39f g 

4 3e 
42e 

79 
82f 

30cd 40ef 4 3de 88e 
10. Ibc 31cd 41cd 

30cd 41de 44d 89de 
V 4 93c 
V 4 61b 124b 
V 5 2a 64a 69a 131a 

Means i n  a column wi th in  a given year  no t  followed by t h e  same l e t t e r  
a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.05 l eve l  according t o  Duncans N e w  
Mul t ip le  Range t e s t .  

t 	Results  f o r  1976 averaged over t h r e e  p l an t ing  d a t e s :  8 ,  18,  and 29 
March, and t h r e e  r e p l i c a t i o n s  pe r  p l a n t i n g  d a t e .  
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The cause for  t h i s  abnormal reproduct ive  behavior  i s  the  s e n s i t i v i t y  o f  each 
p a r t i c u l a r  genotype t o  photoperiod. The l a t e r  t h e  MG of  a c u l t i v a r ,  t h e  
s h o r t e r  days i t  r e q u i r e s  t o  success fu l ly  complete reproduct ive  development. 
When p lan ted  i n  March, t h e  days were s h o r t  enough t o  induce flowering and 
pod se t  o f  t h e s e  l a te r  c u l t i v a r s .  But t he  subsequently lengthening days of 
May, June and J u l y  a f f e c t e d  reproduct ive development even though f lowering 
had been i n i t i a t e d .  The l a t e r  t h e  MG, t h e  more s e n s i t i v e  it i s  t o  t h e  e f f e c t  
o f  a given lengthening photoperiod on reproduct ive  development (Major e t  a l . ,  
1975). This means t h a t  only c e r t a i n  combinations of c u l t i v a r s  and p l a n t i n g  
d a t e s  w i l l  f i t  f o r  an e a r l y  soybean crop a t  a given temperature-and-increas­
ing-daylength loca t ion .  For Ga inesv i l l e ,  MG V and l a t e r  c u l t i v a r s  p lanted  
i n  March were adverse ly  a f f e c t e d  by daylength and matured t o o  l a t e  t o  al low 
a second crop.  In fac t ,  they  produced less and poorer  q u a l i t y  seed than  i f  
p l an ted  a t  recommended d a t e s  (May-June). MG II, III, and IV c u l t i v a r s  were 
e a r l y  enough t o  al low a second crop .  

Yield C h a r a c t e r i s t i c s  o f  F i r s t  Crop Soybean C u l t i v a r s :  Good y i e l d  l e v e l s  
were achieved i n  a l l  fou r  years  under condi t ions  of narrow rows, i r r i g a t i o n ,  
and good weed con t ro l .  A comparison o f  y i e l d  c h a r a c t e r i s t i c s  t o  matur i ty  
group i n d i c a t e s  MG 000 t o  I c u l t i v a r s  were u n i f o r m l y e a r l y ,  s h o r t  and low 
y ie ld ing ,  with low pod se t  (Table 2 ) .  Their  low y i e l d  p o t e n t i a l  can be 
a t t r i b u t e d  t o  a s h o r t  f i l l i n g  per iod  (days from R5 t o  R 8 ) .  Successively 
l a t e r  matur i ty  groups were l a t e r  maturing, t a l l e r ,  had poorer  q u a l i t y  seed ,  
and se t  fewer seeds below 8 cm. P o t e n t i a l l y  economical y i e l d  l e v e l s  were 
gene ra l ly  achieved with MG III and IV c u l t i v a r s  which matured between June 
20 and 30 a t  Ga inesv i l l e  i f  p lanted  March 14. 'Amsoy 71' o f  MG II a l s o  
y i e lded  well ,  except  i n  1979 when no nematocide was used. 'Williams' (MG 
111) was probably t h e  most c o n s i s t e n t l y  good performer over  t h e  yea r s .  This  
agrees  with Williams' unusual ly good adap ta t ion  i n  INTSOY's t rop ica l - sub t rop i ­
cal t r i a l s  i n  s p i t e of be ing  i n  MG III (Whigham, 1975; Whigham and Minor, 1978).  
Ce r t a in  o the r  MG III and IV c u l t i v a r s :  'Woodworth', 'Bonus', and 'F rank l in '  
y i e lded  s i g n i f i c a n t l y  less than  Williams. 'Union', being o f  Williams parent-
age,  appeared similar t o  Williams. While 'Cal land '  (MG 111) and ' C u t l e r  71' 
(MG IV) were t a l l  and y ie lded  we l l ,  they had some nega t ive  a t t r i b u t e s :  poorer  
seed q u a l i t y ,  l a t e r  matur i ty ,  and a tendency t o  maintain green stems and a 
few green leaves  a t  matur i ty ,  poss ib ly  i n  response t o  lengthening days. This 
"staygreen" t r a i t  was even more pronounced on MG V c u l t i v a r s  which "matured" 
with poor q u a l i t y  seed i n  la te  Ju ly ,  b u t  r e t a i n e d  about one- th i rd  green leaves 
and about 10-20% green pods. While t h e  p l a n t  and pod he igh t  o f  MG I V  c u l t i v a r s  
i s  d e s i r a b l e ,  t h e i r  poorer  seed q u a l i t y  and l a t e r  matur i ty  c o n f l i c t  wi th  prompt 
early ha rves t  i n  t h e  w a r m  humid r a i n y  season i n  F lo r ida  which a r r i v e s  i n  l a t e  
June. Delayed matur i ty  and ha rves t  delays p l a n t i n g  and reduces t h e  growth 
per iod  o f  t h e  second soybean crop .  

Second crop soybeans and t o t a l  seed y i e l d  from two crops .  Second crop 'Cobb' 
soybeans were p lan ted  June 30, June 29, and June 27 a f t e r  ha rves t ing  early 
soybean crops i n  1977, 1978, and 1979, r e spec t ive ly .  F i r s t  crop 'Williams' 
y i e l d ,  second crop 'Cobb' y i e l d ,  and combined y i e l d  of two crops i s  shown i n  
Table 3 .  The y i e l d  p o t e n t i a l  o f  t h e  second crop i n  1977 was l imi t ed  by incom­
p l e t e  canopy cover  i n  92 cm rows and growth under r a i n f e d  condi t ions .  The 
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Table 2. Yield c h a r a c t e r i s t i c s  o f  soybean c u l t i v a r s  p l an t ed  i n  March o f  

1976, 1977, 1978, and 1979 a t  G a i n e s v i l l e ,  FL. 

Height  Yie ld  

Cul t i v a r  
Matur i ty  Matur i ty  a t  Seed 

Group Datet Harves t  Yield 
below 
8 c m  

Seed 
Q u a l i t y t t  

1 -5 
. - -- -

Fiskeby V 
Altona 
P o r tage  
Clay 
Evans 

S t e e l e  
Corsoy 
Amsoy 71 
W i  11iams 
Cal land  
Cutler 71 
Bonus 

M65-217 

Altona 

Portage 

Maple Arrow 

Evans 

Corsoy 

Amsoy 71 

W i  11iams 


P r i z e  
71 

W i  11iams 
Frank l in  
- - -
Maple Arrow 
Amsoy 71 
Woodwo th 
Williams 
Union 
Frank 1i n  
C u t l e r  71 
Essex 
H i l l  

000 
00 
00 

0 
0 
I 

I 


-

00 
00 
00 
00 

00 

00 

V 
V 

6-5f" 33g 24a 
6-9e 53e 
6-10e 
6- 45f 
6- 14d 47f 
6-15d 47f 
6- 13d 48f 
6- 18ab 
6- l l d e f  
6-27b 
7- 7a 75b 7fg 
7-7a 83a 
7-6a 78b 

-14 March 1977- - -
6-8e 36d 
6-3f  39d 
6 -4f 37d 12c 
6-9d 40d 21bc 
6-9d 36d 28ab 
6- 31a 2 .  Oab 
6-16b 
6-20a 60a 

-14 March 1978- - -
27b 
41a 

6-19b 52b 22bc 
6-22a 54b 
6- 60a 

-15 March 1979- - -
6- 7h 

6-13g 45f 
6-19e 4cd 
6-21d 6bcd 
6-20de 2 

65b 
7- 55d # 
8 - l a  72a # 

* 	Means i n  a column w i t h i n  a given y e a r  n o t  followed by t h e  same l e t t e r  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0 .05  l e v e l .  

t 	Resu l t s  f o r  1976 averaged over  t h r e e  p l a n t i n g  d a t e s :  8 ,  18, and 29 March. 
Matur i ty  d a t e s  f o r  1976 a d j u s t e d  t o  a h y p o t h e t i c a l  14  March p l a n t i n g  d a t e  
t o  a l low comparison t o  t h e  o t h e r  t h r e e  y e a r s .  

= Very Good; 5 = Very Poor.  
Not measured, bu t  was less than  3 % .  
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y i e l d  p o t e n t i a l  o f  bo th  t h e  f i r s t  and second crop i n  1978 were l i m i t e d  by i n -

s u f f i c i e n t  i r r i g a t i o n frequency i n  a d r y  season coupled wi th  a s t ing  nematode 

i n f e s t a t i o n  i n  o n e - t h i r d  o f  t h e  cxperimcnt. In 1979 t h e  two c rops  r ece ived  

n e a r l y  optimum i r r i g a t i o n  and r a i n f a l l  f r equency ,  h u t  rece ived  no nematocide.  

The e x c e l l e n t  weather  i s  r e f l e c t e d  i n  the high y i e l d s  f o r  1979. The 1979 

y i e l d s  were 2800 kg/ha (42 bu/ac)  p lu s  3410 kg/ha (51 bu/ac) f o r  a t o t a l  of 

6210 kg/ha (93 bu/ac) p e r  season .  Even under t h e  adverse  cond i t i ons  of 1978, 

t o t a l  y i e l d  was 4400 kg/ha (65 bu/ac), a y i e l d  more t han  twice  t h e  s t a t e  aver-

age .  The second c rop  responded wel l  t o  narrow row spac ing  w i th  a 30% i n c r e a s e  

i n  1978 from 46 ve r sus  92 cm rows and a 9% i n c r e a s e  i n  1979 from 35 versus  105 a


cm rows. The c u l t i v a r  Bragg y i e lded  as wel l  as Cobb i n  t h e  two yea r s  i t  was 

p l a n t e d .  


Table 3 .  	 'Total y i e l d  o f  'Cobb' soybeans s u c c e d i n g  soybeans 
du r ing  1977, 1978, and 1979 a t  G a i n e s v i l l e ,  FL.  

Row P l a n t i n g  Maturity Seed To ta l  
Year Crop C u l t i v a r  Spacing Date Date Yield Yield 

1977 F i r s t  Williams 31 3/14 20 3200 
Second Cobb 92 2070 5270 

1978 F i r s t  Williams 25 3/14 6/22 2760 
Second Cobb 46 6/29 1640 4400 

1979 F i r s t  Williams 35 3/15 6/18 2800 
Second Cobb 35 6/27 3410 6210 

T i l l a g e  cond i t i ons  d i f f e r e d  f o r  t h e  second crops i n  each y e a r .  Disking i n  
1977 was n o t  s a t i s f a c t o r y ,  because i t  provided a good seed depth i n  which 
f i rs t  c r o p  soybeans vo lun teered  i n  the second crop.  This was n o t  d e s i r a b l e ,  
because vo lun t ee r s  from f i rs t  crop seed were s h o r t ,  matured e a r l y ,  and had 
poor  seed  q u a l i t y  by t h e  t i m e  t h e  f u l l  season crop was mature .  I n  o t h e r  words, 
f i r s t  c rop  v o l u n t e e r  soybeans a c t e d  l i k e  'weeds ' .  Morever, t h e  low pod se t  
o f  t h e  f i rs t  c rop  i s  l i k e l y  t o  r e s u l t  i n  s u f f i c i e n t  c u t t e r  ba r  loss t o  g ive  
a v o l u n t e e r  soybean problem. After t h e  1978 e a r l y  c rop ,  t h e  f i e l d  was plowed 
wi th  a moldboard plow t o  bury t h e  seed  lost dur ing  h a r v e s t .  Th i s  worked, b u t  
t h e  second c r o p  was p l a n t e d  i n  d r y  s o i l  and i r r i g a t e d  t oo  h e a v i l y .  Emergence 
and s t a n d  was reduced by  s o i l  compaction and weed p r e s s u r e  i n c r e a s e d .  In  1979, 
t h e  second c rop  was seeded n o - t i l l  i n t o  t h e  r e s i d u e  l e f t  from t h e  f i r s t  soy-
bean crop.  Lasso-Roundup (2.2  kg/ha a l a c h l o r  and 2 . 2  kg/ha glyphosate)  were 
a p p l i e d  t o  c o n t r o l  f u t u r e  weeds as wel l  as weed escapes  from t h e  f i rs t  c rop .  
The second c rop  i n  35 cm rows covered t h e  ground q u i c k l y  and weeds were n o t  
a problem. This  n o - t i l l a g e  method e f f e c t i v e l y  so lved  t h e  vo lun t ee r  soybean 
problem, c o n t r o l l e d  weeds, maintained s o i l  mois ture  f o r  germinat ion,  and 
speeded r e p l a n t i n g  w i th  lower energy input. 

Conclusions and Recommended C u l t i v a r s  and P r a c t i c e s  f o r  Growing Sovbeans 
~ ~~ 

1 s  f o u r  yea r s  i n d i c a t e d  t h a t  t h e  c u l t i v a r  f o r  t h e  f i rs t  crop 
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should be  from MG II, III, or IVfor best yield potential, seed quality, suffi­

c i e n t  pod and p l a n t  he igh t ,  and s u f f i c i e n t l y  e a r l y  ma tu r i t y  t o  a l low a second 

crop .  Williams was t h e  b e s t  performing c u l t i v a r ,  b u t  Union, C u t l e r  7 1 ,  and 

Amsoy 71 were a l s o  good w i t h i n  MG I I  t o  I V .  C u l t i v a r s  from MG V ,  V I .  VII, 

VIII, and IX, when p l a n t e d  i n  March, were adverse ly  a f f e c t e d  by t h e  lengthen­

i n g  days.  A s  a r e s u l t  t h e i r  r ep roduc t ive  development was slow and t hey  

matured t o o  l a t e  t o  a l low p l a n t i n g  a second c rop .  


Growing two soybean c rops  per y e a r  w i l l  r e q u i r e  c a r e f u l  management. The f i r s t  

crop  must be p l a n t e d  no l a t e r  t han  t h e  end o f  March on wel l- dra ined ,  p roduc t ive  

soi ls  t h a t  have p r ev ious ly  produced good soybean y i e l d s .  I r r i g a t i o n  and good 

weed c o n t r o l  are a b s o l u t e l y  e s s e n t i a l .  P l a n t  i n  narrow rows a t  popula t ions  

n e a r  60 p l a n t s  p e r  m2 (Table 4 ) .  This w i l l  g ive  a c lo sed  canopy and reduce 

weed compet i t ion .  Yield was inc rea sed  21% by p l a n t i n g  i n  25cm as compared t o  

102 cm row spac ing .  Yie ld  was n o t  i nc r ea sed  by doubl ing s eed ing  r a t e  t o  1 1 2  

seeds/m2. The f r a c t i o n  of seed  y i e l d  below 8 cm was reduced by e i t h e r  g r e a t e r  

in-row p l a n t  compet i t ion  (fewer rows a t  t h e  same a r e a  p l a n t i n g  dens i t y )  o r  by 

g r e a t e r  o v e r a l l  p l a n t i n g  d e n s i t y  a t  t h e  same in-row compet i t ion .  Because pods 

are se t  low, c a r e f u l  combine h a r v e s t  and low c u t t e r  b a r  h e i g h t  a r e  needed. 

Harves t ing  a t  t h e  ear l ies t  p o s s i b l e  t ime  is e s s e n t i a l  t o  p r even t  lo s s  o f  s eed  

q u a l i t y  i n  t h e  w a r m  humid summer and t o  g ive  maximum growing time f o r  t h e  

second c rop  p l a n t e d .  Spraying a h a r v e s t  a i d  d e s i c a n t  such as paraqua t  (1, l ' - 

dimethyl-4,4'-bipyridinium ion)  may be  d e s i r a h l e  i f  t h e  last  few leaves  f a i l  

t o  d i e  as pods beg in  t o  mature. Seed d ry ing  may be needed. 


The second c rop  should  b e  a f u l l - s e a s o n  adapted c u l t i v a r .  Bragg (MG VII)  and 

Cobb IMG VIII) have performed b e t t e r  t han  t h e  few MG I X  exper imental  l i n e s  

t r i e d .  Best y i e l d  performance o f  t h e  second crop occur red  i n  yea r s  when no-

till p l a n t i n g  methods, narrow rows, optimum i r r i g a t i o n  was p r a c t i c e d .  The 


Table  4 .  	 E f f e c t  o f  row spac ing  and popu la t i on  on y i e l d  c h a r a c t e r i s t i c s  o f  
'Amsoy 71' and 'Wil l iams '  soybean p l a n t e d  14 March 1978 a t  Gaines­
v i l l e ,  FL. 

Harvest  Height Yie ld  Wei ght 
Row P l a n t  a t  Seed below o f  100 Seed 

C u l t i v a r  Spacing Densi ty  Harvest  Yie ld  8 cm Seed Qua 1i ty t  t 
c m  cm 1-5 

Amsoy 71 25 47  2 2 a  
51 51 

5 2c 
76 50 1l b  18.  

102 50 4c 
W i  11iams 25 47  12a 

51 50 
53a 

76 49 57a 2 0 .  l a  
102 48 3c 2.03

* 	Means i n  a column w i t h i n  a given c u l t i v a r  no t  fol lowed by t h e  same l e t t e r  
are s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  accord ing  t o  Duncans N e w  
Mul t i p l e  Range tes t .  2t Thi s  row spac ing  t rea tment  seeded a t  1 1 2  seeds/m ; a l l  o t h e r  t rea tments  
seeded a t  56 seeds/m 2 . 

= Very Good; 5 = Very Poor.  
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combined t o t a l  y i e l d s  o f  two soyhean crops per season  were 5270, 4400.  and 
6210 kg/ha i n  1977, 1978, and 1979. I n  s p i t e  o f  t h e  apparen t  success  o f  
t h e s e  exper iments ,  f u r t h e r  experimental  a n d  farm l e v e l  e v a l u a t i o n  i s  needed 
be fo re  t h e  p r a c t i c e  i s  recommended t o  Florida p roducers .  Carefu l  management 
is t h e  key. 
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WEED CONTROL PROGRAMS FOR NO-TILLAGE SOYBEANS 

B .  J. BRECKE 

I n t e r e s t  among growers i n  r a i s i n g  two o r  more c rops  pe r  y e a r  on t h e  same 
land  area (mult icropping)  i s  i n c r e a s i n g .  One of t h e  most s u c c e s s f u l  such 
produc t ion  systems i n  t h e  sou theas t e rn  United Sta tes  h a s  been double cropp­
ing  soybeans a f t e r  small g r a i n  ( 2 ) .  This system i s  s u i t e d  t o  a wide area of 
t h e  s o u t h e a s t  where f a l l  seeded s m a l l  g r a i n s  are harves ted  e a r l y  enough f o r  
soybeans t o  be p l an t ed .  

No- t i l l age  p l a n t i n g  of t h e  soybeans ha s  con t r i bu t ed  t o  t h e  success  of double  
cropping because i t  a l lows  e s t ab l i shmen t  of t h e  soybean crop w i t h  t h e  least  
de lay .  This o f t e n  r e s u l t s  i n  more f avo rab l e  s o i l  mois ture  a t  p l a n t i n g  and 
a l lows  more t i m e  f o r  t h e  soybean crop t o  mature. Another important  advan­
t a g e  i n  t h i s  t i m e  of r a p i d l y  r i s i n g  f u e l  c o s t s  i s  t h e  lower per- acre  energy 
requirement  f o r  n o - t i l l  compared t o  convent iona l  p l an t i ng .  N o- t i l l  a l s o  re-
q u i r e s  less l a b o r  and decreases  s o i l  e r o s i o n  (1). 

Weed Control  Programs 

I n  n o - t i l l  cropping,  as wi th  convent iona l  t i l l a g e  systems,  weeds must be  
c o n t r o l l e d  t o  o b t a i n  maximum crop y i e l d s .  When soybeans are p lan ted  i n t o  
t he  r e s i d u e  of a prev ious ly  w e l l  managed sma l l  g r a i n  crop, t h e r e  are some 
advantages  from a weed c o n t r o l  s t a n d p o i n t .  F i r s t ,  any weeds p r e s e n t  are 
u s u a l l y  small and t h e r e f o r e  can be  c o n t r o l l e d  e a s i l y  wi th  a f o l i a r  app l i ed  
h e r b i c i d e .  Second, t h e  s m a l l  g r a i n  r e s i d u e  w i l l  a c t  as a mulch f o r  t h e  soy-
beans and a i d  i n  p revent ing  weed emergence. 

Regardless  of mulch e f f e c t i v e n e s s ,  however, h e r b i c i d e s  are e s s e n t i a l  f o r  
weed c o n t r o l  i n  n o - t i l l  soybeans s i n c e  c u l t i v a t i o n  is no t  p o s s i b l e .  A 
con t ac t- ac t i ve  h e r b i c i d e  w i l l  be needed t o  c o n t r o l  any v e g e t a t i o n  p r e sen t  
a t  t h e  t i m e  of p l a n t i n g  wh i l e  h e r b i c i d e s  w i t h  r e s i d u a l  (preemergence) ac­
t i v i t y  w i l l  he  needed t o  p revent  f u r t h e r  weed i n f e s t a t i o n .  A postemergence 
t rea tment  may a l s o  he  r equ i r ed  t o  c o n t r o l  escapes  from t h e  preemergence ap­
p l i c a t i o n .  

Weed c o n t r o l  programs f o r  n o- t i l l  soybeans have been s t u d i e d  a t  t h e  Agricul­
t u r a l  Research Center ,  Jay ,  F l o r i d a  f o r  t h e  p a s t  4 y e a r s .  The r e s u l t s  of 
t h e s e  s t u d i e s  i n d i c a t e  t h a t ,  as i n  convent iona l  t i l l a g e  systems,  a complete 
h e r b i c i d e  program is  r equ i r ed  t o  c o n t r o l  t h e  more troublesome weeds ( t r a d e  
and common h e r b i c i d e  names are l i s t e d  i n  Table 1). The r e s u l t s  summarized 
i n  Table  2 show t h a t  n e i t h e r  preemergence treatments nor  d i r e c t e d  postemer­
gence a p p l i c a t i o n s  a lone  provide complete weed c o n t r o l  i n  n o - t i l l  soybeans.  
The d i r e c t e d  t r e a t m e n t s  d i d  p r o v i d e  somewhat b e t t e r  c o n t r o l  than t h e  pre-
emergence t r ea tmen t s  h u t  c o n t r o l  w a s  s t i l l  l e s s  than  d e s i r e d .  

The r e s u l t s  from a 1979 t e s t  (Table 3) aga in  show t h a t  preemergence appl ica­
t i o n s  were n o t  as e f f e c t i v e  as des i r ed .  However, when a program inc lud ing  
bo th  a preemergence and d i r e c t e d  postemergence a p p l i c a t i o n  w a s  used, e x c e l l e n t  
c o n t r o l  of bo th  g r a s s  and broadleaf weeds was obtained.  Examples of such pro­

_____-_
B.  J. Brecke is A s s i s t a n t  P ro fe s so r  o f  Agronomy (Weed Sc i ence ) ,  Agr icu l tu ra l -
Research Cente r ,  Route 3 ,  Box 5 7 5 ,  J a y ,  F l o r i d a  32565. 
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grams inc lude  Paraqua t  + S u r f l a n  + Lexone preemergence p l u s  e i t h e r  Lexone 
+	 Butyrac,  Lorox + Butyrac,  o r  Paraquat  d i r e c t e d  postemergence. To o b t a i n  
t h e  b e a t  r e s u l t s  t h e  d i r e c t e d  postemergence a p p l i c a t i o n s  should be  made t o  
soybeans a t  least 12  i nches  t a l l  and t o  weeds less than  3 i nches  t a l l .  The 
s p r a y  should n o t  c o n t a c t  more than t h e  lower one- th i rd  of t h e  soybean 
p l a n t .  The a d d i t i o n  of a s u r f a c t a n t  w i l l  improve c o n t r o l .  

Conclusions 

Though t h e  mulch provided by r e s i d u e  from a s m a l l  g r a i n  crop w i l l  a i d  i n  
c o n t r o l l i n g  weeds, h e r b i c i d e s  are an e s s e n t i a l  p a r t  o f  a n o - t i l l  cropping 
system. A good h e r b i c i d e  program i n c l u d e s  a con t ac t- ac t ive  material t o  con­
t r o l  any v e g e t a t i o n  p r e s e n t  a t  t h e  t i m e  of p l a n t i n g  i n  combination w i t h  her­
b i c i d e s  which prov ide  r e s i d u a l  c o n t r o l  of bo th  g r a s s  and broad leaf  weeds. A 
d i r e c t e d  postemergence a p p l i c a t i o n  may be r equ i r ed  i n  i n s t a n c e s  where pre-
emergence materials do n o t  p rov ide  t h e  d e s i r e d  weed c o n t r o l .  
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Table  1. L i s t  of common and t r a d e  names 
of h e r b i c i d e s  de sc r ibed  i n  t h i s  paper .  

Common name Trade name 
Paraqua t  Paraqua t  
Met r ibuz in  Sencor or Lexone 
Linuron Lorox 
Oryza l in  S u r f l a n  
2,4-DB Butyrac o r  Butoxone 
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T a b l e  2. Weed c o n t r o l  i n  n o - t i l l  soybeans  a t  ARC, J a y ,  1976.  

Treatment  	 1bs/A 
a . i .  

app l i ed '  	 % Control2 

CB TM 

P a r a q u a t  + Sencor  + PRE + PRE 69 69 
+ X77 + + 
P a r a q u a t  + Lasso 
+ Lorox + X77 

+ 2 PRE + 54 70  
+ 1 + + PRE 

+ + + PRE 84 8 8  
.38  + .25 DP + DP 

+ + PRE 74 84 
+ .25 + DP + DP 

P a r a q u a t  + + 
Sencor  + 
P a r a q u a t  + X77 + 
Lorox + 

= Preemergence i n  t h e  soybeans ;  DP = d i r e c t e d  postemergence.  
Cocklebur ;  TM t a l l  morningglory .  

Table  3. Weed c o n t r o l  programs f o r  n o - t i l l  soybeans  a t  ARC, Jay ,  1979. 

Rate When 
Treatment Weed C o n t r o l2 

CG TM BW 
-

P a r a q u a t  + Dual + .25 + 1.5 + + 53 80 8 3  
Lexone + X77 PRE + PRE 

P a r a q u a t  + Lasso + 
Lexone + X77 

.25 + 2 + 
+ 

PRE + PRE + 
PRE + 

8 3  80 7 3  

P a r a q u a t  + S u r f l a n  + 
Lexone + X77 

.25 + 1 + 
+ 

PRE + PRE + 
+ 

80 53 90 

P a r a q u a t  + S u r f l a n  + 
Lexone + X77 + 
Lexone + Butyrac  

.25 + + 
+ + 
+ .25 + 

PRE + PRE + 
PRE + PRE + 
DP + DP + 

9 1  100 100 

x7 7 DP 

P a r a q u a t  + S u r f l a n  + 
Lexone + X77 + 

.25 + 1 + + + 
PRE + PRE + 
PKE + + 

95 100 100 

P a r a q u a t  + X77 .25 + + DP 
Paraqua t  + S u r f l a n  + 

+ X77 + 
+ + 

.25 + 1 + 
+ 
+ .25 

PRE + PRE + 
+ + 

+ D? + 
8 3  95 9 8  

DP 
-

t o  t h e  soybeans ;  DP d i r e c t e d  postemergence.
Crabgrass ;  = t a l l  morningglory;  = F l o r i d a  



DEEPER ROOTING IN MINIMUM TILLAGE TO CONSERVE ENERGY 


Robert B. Campbell 


Conserving energy in the 1980's is more than just reducing fuel or 
"petrol" use. We would like to believe a little energy conservation is 
essential, preferably by someone else or by some governmental action 

that will provide us with labor saving productivity improvements to 

maintain the comforts we have become accustomed to. Scientific reality, 

however, dictates that quick easy solutions will not be developed 

without careful planning for the efficient use of our energy resources 

and without strong efforts to find and develop new sources of energy. 

Because agriculture is the primary source of our food supply, energy 

must be considered in relation to the total crop production potential, 

i.e. production per petrol dollar spent or production per unit of 

energy input. 


Reduced tillage defined 
No-till farming in concept is directed to lower use of energy for crop 
production. Unfortunately the word no-till is misleading, in fact, 
no-till is not no till at all. The term hasbeen coined to refer to a 
system of residue management. In this system, seeds are drilled into 
soil with live or dead plant materials still remaining on the soil 
surface. Weeds are mostly controlled by the application of constant or 
residual grass and broad leaf herbicides. However, mechanical weed 
control is possible under some circumstances. This concept of residue 
management has been referred to as eco-fallow (2) ,  minimum till (5), or 
conservation tillage (3). These systems require higher levels of soil 
and crop management than conventional clean till farming methods. 

Advantages and problems in minimum tillage 

Often claimed advantages of minimum tillage over conventional 

tillage include: lower erosion, water conservation, ability to plant 

earlier, planting on steeper less fertile slopes, lower fuel costs, and 

lower compaction (5). Minimum tillage methods can be used in multiple 

cropping systems ( 4 ) . Even though these appear to be distinct ad­

vantages, there are disadvantages or special challenges that must be 

addressed to make minimum tillage successful. Because minimum tilled 

land is not 'smooth and open, stands of crops are difficult to esta­

blish. Birds, and rodents are more active because the residue provides

protective cover. Fungi and insects infestations are more common when 

residues remain on the surface. The real question is how can these 

problems be solved. Most certainly they can be solved, but only with 

greater scientific input. 


Robert B. Campbell is a Soil Scientist at the USDA-SEA-AR, Coastal Plains 

Conservation Research Center, Florence, South Carolina 29502. 
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The soil physical system and minimum tillage 

Recognizing soil physical and chemical conditions is an essential 

part of residue management in different parts of the country. Minimum 

till farming in the Southeast has to be accomplished in deep sandy 

soils or in sandy loam or loamy sand soils with genetically compact or 

mechanically compacted layers (1). These soils also have low water 

retentivity, consequently it is just as important to consider deep 

rooting and ways of achieving deeper rooting in minimum tillage as in 

conventional tillage. Without giving proper attention to these soil 

physical conditions, minimum tillage practices would eventually reduce 

the production base and actually increase energy use per unit of crop 

production. 


In view of the limitations that soil physical conditions may have on 

residue management and energy use, corn rooting patterns were studied 

in relation to soil strength and soil water availability to corn in a 

Norfolk loamy sand soil with a compact A2 horizon. Large acreages of 

these soils occur in the Southeast. For example, in Florence County, 

South Carolina alone, 58% of the tilled s o i l s  have an A layer ( 1 ) .  

Although these layers vary in compactness, they are easily compacted by 

tillage tools and wheel traffic. 


Describing soil physical parameters 

Soils are never uniform in texture, structure and bulk density. Roots 

are not symetrically distributed in soil, therefore, water withdrawal 

can not be uniform. Consequently, a mean value and frequency distri­

bution of certain properties such as bulk density are frequently used 

to describe soil conditions shown in Table 1. 


Table 1. Bulk density and related frequency distribution 

for a Norfolk soil at Florence, SC 


Bulk Density Relative Frequency -
B 

1.30- 1.34 
1.35- 1.39 
1.40- 1.44 
1.45- 1.49 
1.50- 1.54 
1.55- 1.59 
1.60- 1.64 
1.65- 1.69 
1.70- 1.74 
1.75- 1.79 
1.80- 1.84 
1.85- 1.89 
1.90- 1.94 

4 .3  
2.1 
2 .1  
8.7 

26 .1  
17.5 

8.7 
17.4 
2 .2  
2 .2  

5 .0  
5 . 0  
5 . 0  

20.0 
30.0 
20.0 

2.9 5.0 
7.7 

15 .4  
32.7 
38.5 

1.9 
0 .9  

Mean 1.57 1.78 1 .48  
Std. deviation 0.155  0.049 0.099 
Schewness -0.0107 - 0.2283 - 0.7704 
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The mean bulk density values for the Ap, A2 , and B horizons are 1.57, 
1.75, and 1.48 respectively. The wide distribution of the Ap 
layer is a result of subsoiling in a minimum tillage experiment in 
which corn was planted into a standing rye cover crop. The subsoil 
tool1- produced a narrow slot 10-15-cm wide in the A2 layer that pene­trated 47 cm, about 5 cm into the B horizon. The Ap bulk denaity 
measurements were more normally distributed about the mean value than 
the or B horizons. 

Rooting and soil strength 

Increasing bulk density increases resistance to rooting but bulk density 

is not the only factor that affects rooting because decreasing soil 

water content also increases the strength of soil. Therefore, root 
penetration is a function of bulk density, water content, and texture. 
We have determined that soil probes give a reliable index of roota­
bility in soil, and that a penetrometer index of 20 kg/cm2 represents a 
value beyond which few roots penetrate. In the Ap horizon at the mean 
bufk density of 1.57 root penetration is severely restricted at a 
matric potential of a little over -1000 mb. One could anticipate that 

roots would be well distributed throughout the horizon because of 

the wide range in the bulk density frequency distribution (see Table 


In the horizon however, the matric potential at which roots were 

redtricted was -220 mb at a mean bulk density of 1.78 Root 

development observations in a corn field showed that rooting in the 
horizon occurred only in the subsoiled portion of the Rooting in 

the B horizon was restricted to those roots that extended down the 
subsoiled soil. The B horizon had the lowest bulk density of all 

layers studied, 1.48 Rooting observations demonstrated that 

once a root grew through the disturbed horizon, root growth into the 

B horizon was only slightly impeded. Because soil strength restricted 

rooting, soil strength affects water availability. By taking -50 mb as 
the upper limit of water availability and the water content corresponding 
to as the lower limit of water availability to the plant, the 
amount of water storage for each layer to the 75-cm depth can be calculated. 
These calculated water storage values are given in Table 2. 

Table 2. Water storage in a 75-cm profile based on 

-50 mb and the matric potential water content at 20 
as the upper and lower availability water limits, respectively. 

(only the subsoiled portion of the was considered) 


Layer Depth Storage


0-17 2.37 

17-35 0.30 

35-75 2.91 


Total 5.58 


- Brown-Harden Superseeder with an attached subsoil tool. Mention of 
tradenames is for reference and does not constitute endorsement by USDA 

or its cooperators. 
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Various assumptions were made for calculating effective soil water 
storage. Four examples taking various limiting factors into con­
sideration are presented in Table 3.  

Table 3 .  Calculated available water storage in a Norfolk loamy
sand profile to depth of 75 cm. 

Limiting Condition for Estimating Soil Water Storage 

Available Water 

(1)  -50 mb and -1000 mb upper and 
lower limits 7 . 1  

(2) -50 mb to 20 strength 
(all layers) 6.0 
-50 mb to 20 in (subsoiled 
in only) 5.6 

( 4 )  -50 mb and -1000 mb in actual 
observed rooting volume 4 .0  

These data show the importance of having roots uniformly distributed 
throughout the s o i l  profile and further the necessity of expanding the 
volume of rooting in the B horizon. If roots were restricted only to 
the A horizon, the effective water availability to the plants would 
have been about 43% of that of the subsoiled soil - 2.37 vs. 5.58 cm. 

These soil water storage calculations do not take into account the 

amount of water that would have been provided to the plant by unsaturated 

flow for most regions in the soil to the root surfaces. 


These data indicate efficient energy use in minimum tillage agriculture 
when depth of rooting and methods of offsetting the effects of drought 
are taken into account. High crop production insures efficient use of 
fuel that has been expended in establishing the crop which is an important 
aspect of the energetics of residue management. 
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FUEL CONSUMPTION AND POWER REQUIREMENTS 
FOR TILLAGE OPERATIONS 

Richard P. Cromwell, James M. Stanley, 
Raymond N. Gallaher,  David L. Wright 

It is  estimated t h a t  w e l l  over hal f  of t h e  engine horsepower-used on 
American farms is  f o r  t i l l a g e  operations. Many of the  implements 
used, and much of the  need f o r  t i l l a g e  operat ions have long been taken 
f o r  granted. Reducing t i l l a g e  operat ions was  of considerable. inter­
est before the advent of high priced energy, but  i n t e r e s t  increased 
sharply when the p r i c e  per  gal lon of f u e l  jumped t o  th ree  d i g i t s .  

D i e s e l  t r a c t o r s  are more e f f i c i e n t  than gasol ine  t r a c t o r s  (a d i e s e l  
uses  about 70% as much f u e l  f o r  a givenjob than a gasol ine  t r a c t o r ) .  

Tractors used t o  perform t i l l a g e  operat ions w e r e  some of t h e  first t o  
use d i e s e l  engines because they were r e l a t i v e l y  high horsepower u n i t s  
that offered t h e  g r e a t e s t  opportunity t o  recapture  the  d i e s e l ' s  higher 
i n i t i a l  cos t .  The t r a n s i t i o n  t o  d i e s e l  i s  v i r t u a l l y  complete today. 
Diesel engines are found i n  the  l a r g e  multi-hundred horsepower land 
preparat ion tractors down t o  sub-20 horsepower imported t r ac to r s .  Many 
manufacturers of water cooled t r a c t o r s  e i t h e r  do not  o f f e r  a gasol ine  
engines powered u n i t  o r  only prepare one on spec ia l  order.  Therefore, 
f u e l  consumption f i g u r e s  reported i n  t h i s  paper are considering d i e s e l  
t r a c t o r s  exclusively.  

M o s t  of t h e  published information used f o r  determining farm implement 
energy rcquirements were derived from data  gathered i n  t h e  Midwest. 
This  data would probably be appropr ia te  f o r  many farm implements, but  
energy requirements f o r  t i l l a g e  implements could be appreciably di f fer­
en t  because of s o i l  type. 

Determining Implement Energy Use 

Reasonably accura te  energy use data  can be determined by simply f i l l i n g  
the  tank to the  top, using the  machine over a measured area, and deter-
mining t h e  f u e l  used by accura te ly  measuring the  f u e l  needed t o  r e s t o r e  
the  leve1 in t h e  tank, i f  a r e l a t i v e l y  l a r g e  area is being worked, the  
tractor i S on l e v e l  ground, and the  tracbbr i s  shook vigorously t o  expel 
a i r  bubbles from the  tank. 

Richard P. Cromwell, Associate Professor,  Agr icul tura l  Engineering Depart­
ment; James M. Stanley, Visiting Professor Agricultural Engineering De­
partment: Raymond N. Gallaher,  Associate Professor,  Agronomy Department; 
David L. Wright, Ass is tant  Professor,  Agronomy Department. I n s t i t u t e  of 
Food and Agr icu l tu ra l  Sciences, Universi ty of Flor ida ,  Gainesvi l le ,  
F lor ida  32611. 
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In order t o  increase the accuracy of energy use values when working
smaller areas, and, to  speed up  the operation by eliminating the need for 
burp ing  a i r  bubbles from the tank, a plexiglass tube was mounted on the 
fuel tank of a t ractor  as  shown i n  Figure 1 below. T h i s  arrangement makes 
i t  possible t o  get a relat ively large fuel level change i n  the tube when 
working smaller areas than would be feasible  w i t h  the "Tank Refill" method. 

FIGURE 1 

The f i r s t  tube that  was mounted on the t ractor  had a 2 inch inside 
diameter and would give a large, easily measured fuel level change when 
the t ractor  was used for a short time. However, a small change i n  the 
temperature of the t ractor  fuel caused a significant change i n  the fuel 
level in the tube. The tube was changed to a 4 inch inside diameter tube 
i n  order to  reduce the error induced by fuel volume change. 

Results of Implement Energy Requirement Trials 

Corn-was planted a t  three different  locations i n  the Gainesville area 
beginning in February, 1980. The soil preparation and planting treatments 
were  as shown below 

1) D i s k ,  moldboard plow, d i s k ,  subsoil, plant 
2) Disk, moldboard plow, disk, plant 
3 )  Subsoil, p l a n t  
4 )  plant 

The energy requirements for  these operations were determined using the 
"Tank Refil l" method. Even though  the p l o t  areas were only 0 .3  acres t o  
0.9 acres, which i s  probably small for determining fuel requirements by
tank re f i l l i ng ,  the resul t s  given i n  Table 1 f a l l  i n  a rather narrow band. 
A great amount of c redi t  for th i s  uniformity o f  resul t s  i s  attributed to  
the amount of t ractor  shaking done to expel a i r  bubbles. 

. 
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Table 1 - Corn P l a n t i n g  Energy Requirements 

Energy Used Per Opera t ion  (Gal lons/Acre)  
.I 

Loca t i on  

k i  ng D i  P l a n t  1F i r s t  1 I Second I Subso i l  and I Planto t  
Number 

I I I 

0.54 1.63 0.75 1.53 

- - - - 0.64 

0.41 1.40 0.65 - 0: 83 

- - - 1.39 -

0.53 1.43 0.61 - 0.77 

I 

a 

0.51 1.42 0.60 - 0.85 

0.51 1.36 0.60 1.31 -

- - - 1.44 

1 0.58 1.40 0.67 1.32 -
2 - 0.73 

I I 

3 0.51 1.35 0.62 - 0.87 

4C h i e f  land  

5 0.49 1.34 0.57 -
0.49 1.33 0.60 1.32 -

I I 

1 -1 -1 
I

I
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T h e  equipment used t o  perform the s o i l  preparation and planting op­
era t ions  were: an e igh t  foo t  wide tandem d i s k ,  a 3 bottom plow t h a t  cu t  
approximately a 4 foot-6 inch s l i c e ,  a two row Brown-Harden no- t i l l  p lanter  
w i t h  subsoil ing shanks, a two row Brown-Harden no- t i l l  p lan te r  without sub-
s o i l i n g  shanks, two sets of u n i t  p lanters  f o r  mounting on the  two no- t i l l  
units, a 52 horsepower t r a c t o r ,  and a 58 horsepower t r a c t o r .  

The  da ta  ind ica tes  t h a t  a t  a l l  locat ions  the  i n i t i a l  disking required
approximately 0.5 gal lons  per acre .  The moldboard plowing required approx­
imately 1.40 gal lons  per acre.  T h e  second d i s k i n g  required approximately
9.6 gallons per ac re  o f 0.1 gal lons  per a c r e  more than the i n i t i a l  d i s k i n g
because of more slippage. The  n o- t i l l  p lanter  equipped w i t h  t he  subsoi ler  
shanks required about 1.30 gallons per acre .  When the n o- t i l l  p lanter  d i d\:AT; not have subsoil ing shanks approximately 0.75 gallons per a c r e  was used 
for planting. Subtracting the no subsoil ing from the subsoi l ing  figures
ind ica tes  t h a t  approximately 0.55 gallons per ac re  were required f o r  the  
subsoil ing operat ion.  

Tests were a l s o  conducted a t  the Agricultural  Experiment Sta t ion i n  
Quincy, Florida t o  determine t h e  energy requirements f o r  some t i l l a g e  op­
e ra t ions  i n  heavier s o i l  than those found in the Gainesvi l le  area .  The 
results a r e  shown i n  Table 2.  

Table 2 - Ti l l age  Energy Requirements, Quincy 

Operation Depth of C u t  ( inches)  Gal 

Tandem d i s k  5 0.66 

Offset  d isk  6 - 7 0.96 

Rolling c u l t i v a t o r  s 1ow 0.36 

The tandem d 
20 inch scalloped 
was a 7 f o o t  wide 
t r a c t o r .  The ro l  
t r a c t o r .  

s k i n g  operation was performed by a 12 foo t  wide u n i t  w i t h  
disks drawn by an 85 horsepower t r a c t o r .  The o f f s e t  d i s k  
un i t  w i t h  20 inch scalloped disks drawn by a 52 horsepower
i n g  c u l t i v a t o r  was a 4 row u n i t  drawn by a 150 horsepower 

Comparison w i t h  Other ished Data 

T h e  following i s  a comparison of the  t i l l a g e  energy requirements pub­
l i shed by Iowa S t a t e  University and those recent ly  determined i n  Florida.  
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Field Operation Gal 
Iowa Florida 

Moldboard plow 1.90 1.40 
Off s e t  d i  sk 0.95 0.96 
Tandem d i sk  0.45 0.50 
Rolling c u l t i v a t e  0.40 0.36 

How Might Energy Requirements Be Reduced 

Farmers cannot use t r a c t o r  engine e f f i c iency  a s  the s o l e  g u i d e  f o r  de-
terming what t r a c t o r  t o  buy because of p rac t i ca l  considerat ions like dea le r  
locat ion and d e a l e r ' s  a b i l i t y  t o  provide p a r t s  and service .  However, i t  i s  
f e l t  t h a t  more thought should be given t o  engine e f f i c iency  i n  order t o  re­
duce energy requirements. The results of the  Nebraska Tractor  Tests conducted 
over the  l a s t  10 years  reveal t h a t  the  24 most e f f i c i e n t  t r a c t o r s  del ivered 
13.91 horsepower hours per gallon while the  24 l e a s t  e f f i c i e n t  t r a c t o r s  de-
l ivered 11.16 horsepower hours per gallon.  T h i s  i s  a d i f fe rence  of 24.6% 
and farmers must be made more aware o f  how t o  use Nebraska Test Data. 



HERBICIDE TOLERANCE AND WILD RADISH CONTROL 
I N  LUPINE AND VETCH 

G.R. England, W.L. Currey, and R.N.  Ga l l ahe r  

INTRODUCTION 

Wild r a d i s h  (Raphanus raphanis t rum Crantz)  i s  a common weed i n  g r a i n  
c rops  throughout  t h e  world.  Wild r a d i s h  is a s e l f  p o l l i n a t e d  annua l  
found mainly i n  cereals, f a l l ows ,  and non-crop areas. I n  F l o r i d a  i t  
grows as a w i n t e r  annua l  i n  t h e s e  sites. It is a moderate t o  v igorous  
compet i to r  f o r  space.  

Extensive work i n  t h e  c o n t r o l  of t h i s  weed h a s  been done i n  Germany, 
the S o v i e t  Union, and Great Br i t an .  Research has been c a r r i e d  ou t  
world wide on the c o n t r o l  of wi ld  r a d i s h  i n  numerous c rops ,  us ing  
many he rb i c ide s .  I n  B r a z i l ,  wi ld  r a d i s h  w a s  c o n t r o l l e d  w i th  2 ,  4-D 
a p p l i e d  by a i r  (Guibert, 1972).  Merich et a l .  (1972) found BAS 3580H 
(bentazon 26% and d ich loroprop  34%) and BAS 3960H (bentazon 25% and 
mecoprop 37.5%) c o n t r o l l e d  wi ld  r a d i s h ,  Chrysanthamum segetum, Cusicim 

G a l u m  a p a r i n e ,  Matricaria and S inaps i s  a r v e n s i s .  Hahn (1973) 
c o n t r o l l e d  w i ld  r a d i s h  i n  g r a s s e s  w i t h  SYS 67ME (MCPA 86% f r e e  a c i d )  a t  
1.5 kg/ha and SYS 67 Prop (d ich loroprop  potass ium 64% a c i d ) .  Koboreva 
(1971) c o n t r o l l e d  wi ld  r a d i s h  i n  buckwheat (Fagopyrum tataricum) w i t h  
1-2 kg/ha 2, 4-D amine. T rea t i ng  with  MCPA (1-2 kg/ha) o r  norea  (0 .5  kg/ha) 
i nc r ea sed  y i e l d s  of buckwheat by 1000 kg/ha.  Osususka e t  a l .  (1973) 
gained t w i c e  the c o n t r o l  of w i ld  r a d i s h  compared t o  t h e  check w i t h  0.25 
kg/ha of a t r a z i n e .  Cochet e t  a l .  (1973) ob ta ined  c o n t r o l  w i th  Phyt 
3425 (chlormtofen 20% + l i n u r o n  5%) a t  1.85-5.0 kg/ha. Huggenburger e t  
a l .  (1974) ob ta ined  c o n t r o l  of w i ld  r a d i s h ,  D i g i t a r i a  s i n g u e v a l i s ,  
Amaranthus spp., Polygonium and S i n a p s i s  arvensis w i t h  o r y z a l i n  
1.0-1.4 kg/ha + l i n u r o n  (1.0-1.4 kg/ha) a p p l i e d  s u r f a c e  preemergence w i t h  
12.5 mm p r e c i p i t a t i o n  o r  sha l low inco rpo ra t i on .  Hermant e t  a l .  (1973) 
t r e a t e d  4 cm f l a x  (Linum usitatissimum-- and R. ( raphanis t rum) i n  an  e a r l y  
s t a g e  w i t h  bentazon and achieved good weed c o n t r o l  w i t h  no i n j u r y  t o  t h e  
flax. D e t r e r n i x  e t  a l .  (1973) achieved c o n t r o l  of Raphanus w i t h  a l a c h l o r  
(1.7-2.0 kg/ha)  o r  p ropachlor  (0.5 kg/ha) a p p l i e d  preemergence. Leiderman 
e t  a l .  (1972) c o n t r o l l e d  w i ld  r a d i s h  w i t h  oxadiazon (1.5-2.0 kg/ha) .  
Amaranthus v i d i s ,  Gal ingosa parviflora, and D i g i t a r i a  s a n g u i n a l i s  were 
a l s o  c o n t r o l l e d .  

Wild r a d i s h  i s  a problem i n  w in t e r  f o r a g e  c rops  a t  t h e  Robinson Farm i n  
W i l l i s t o n ,  F lo r ida .  S ince  t h i s  problem weed e x i s t e d  i n  l and  a l r e a d y  
u t i l i z e d  f o r  r e s e a r c h ,  t h e  fo l lowing  experiment w a s  e s t a b l i s h e d  t o  determine 
p o s s i b l e  c o n t r o l  measures t h a t  could b e  u t i l i z e d  t o  c o n t r o l  wi ld  r a d i s h  
i n  l u p i n e ,  Lupinus a n g u s t i f o l i a ,  and ve t ch  (Vicia  v i l l o s a ) .  

G.R. England, W.L. Currey, and R.N. Ga l laher  are Weed Science Graduate 
S tudent ,  and Associate P r o f e s s o r s ,  Agronomy Department, I n s t i t u t e  of Food 
and A g r i c u l t u r a l  Sc iences ,  Un ive r s i t y  of F l o r i d a ,  G a i n e s v i l l e ,  F l o r i d a  32611. 
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MATERIALS AND METHODS 

The experiment w a s  conducted a t  the  Robinson Farm i n  Wi l l i s ton ,  F lo r ida  
during t h e  winter  of 1979-1980. Wild r ad i sh  c o n t r o l  w a s  evaluated i n  
lup ine  and ve tch  which w e r e  planted behind several n o- t i l l a g e  opera t ions .  
The land w a s  harrowed t h r e e  times and then "Hairy vetch" (33.6 kg/ha) 
and "Frost  lupine" (89.6 kg/ha) w e r e  proper ly  inocula ted  and d r i l l e d  on 
November 1, 1979. Lupine was  i r r i g a t e d  (3.2 cm) on November 9,  1979 
and ve tch  w a s  i r r i g a t e d  on November 10. A p o r t i o n  of both lup ine  and 
ve tch  rece ived  an a p p l i c a t i o n  of bentazon (1.12 kg/ha) on Januar  
1980. The bentazon w a s  appl ied  i n  a 280 l / h a  spray a t  2.8 kg/cm 3 ,. 
On January 15, 1980, t h r e e  chemicals,  a c i f l u o r f e n  (Blazer ) ,  bentazon 
(Basagran), and 2, 4-DB (Butyrac) were appl ied  postemergence t o  ve tch  
and lupine .  

Herbicides R a t e-
a c i f l u o r f e n  0.28, 0.43, 0.56 
benta zon 0.84, 1.12 
2 ,  4-DB 0.28, 0.56 

AG98 a t  0.25% v /v  was added t o  ac i f luo r fen .  Two a p p l i c a t i o n s  of each 
chemical were made t o  l u p i n e  and ve tch  which had been previous ly  t r e a t e d  
w i t h  1.12 kg/ha bentazon and t o  p l o t s  not  previous ly  t r e a t e d .  The major 
weed t o  be s tud ied  was  wild rad ish .  

The he rb ic ides  were app l i ed  wi th  a C02 backpack p l o t  sprayer  i n  187 l / h a  
sp ray  a t  3.36 kg/cm 2 on January 15, 1980. The second a p p l i c a t i o n  of 
a c i f l u o r f e n  and bentazon was  made on January 28, 1980 t o  wild r a d i s h  
p l a n t s  that w e r e  61 cm high. The second a p p l i c a t i o n  of 2 ,  4-DB w a s  made 
on February 3,  1980. The same method of a p p l i c a t i o n  w a s  used. 

Each experiment w a s  s e t  up i n  a randomized complete b lack  des ign  and 
r e p l i c a t i o n s  were used. The t reatments  were r a t e d  by 4 v i s u a l  observa­
t i o n s  f o r  crop to l e rance  and wild r ad i sh  con t ro l .  A r a t i n g  of 0 equals  
no a f f e c t  on t h e  crop o r  t h e  weed, whi le  a r a t i n g  of 10 equals  complete 
c o n t r o l  of e i t h e r  t h e  crop o r  t h e  weed. 

RESULTS AND DISCUSSION 

I n  t h e  fou r  v i s u a l  r a t i n g s  t h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  between 
both  weed c o n t r o l  and crop to l e rance  (Tables 1. 2. 3, 4). By the fourth 
r a t i n g ,  a c i f l u o r f e n  and bentazon had provided almost complete wild r a d i s h  
c o n t r o l  a t  a l l  rates. Aci f luorfen  had caused from moderate t o  severe  
crop i n j u r y  i n  ve tch  and severe crop i n j u r y  i n  lupine .  Bentazon caused 
no crop i n j u r y  i n  ve tch  but  almost completely removed t h e  lupine .  

Bentazon provided good wild r ad i sh  c o n t r o l  i n  both crops.  There w a s  
e x c e l l e n t  crop t o l e r a n c e  i n  ve tch ,  bu t  no crop to l e rance  o f  bentazon i n  
lupine .  Aci f luorfen  provided comparable weed c o n t r o l  t o  bentazon. There 
w a s  some t o l e r a n c e  of ve t ch  a t  t h e  low rate. 
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2,  4-DB, due t o  t h e  advanced s t a g e  of growth of WR at application, 
provided no wi ld  r a d i s h  con t ro l .  It caused s l i g h t  crop i n j u r y  i n  
both ve t ch  and lupine .  I n  ve t ch  it caused l e a f  c u r l  and i n  lup ine  
i t  caused t h e  stem t o  c u r l .  

The timing of a p p l i c a t i o n  w a s  no t  optimum f o r  c o n t r o l  w i t h  s e l e c t i v e  
he rb i c ides .  It is s i g n i f i c a n t  t h a t  good c o n t r o l  of t h e  weed by benta­
zon and a c i f l u o r f e n  was  obtained i n  t h i s  s t a g e  of growth. 

There seemed t o  be  an i n t e r a c t i o n  wi th  bentazon and temperature.  Con­
t r o l  of w i ld  r a d i s h  appeared t o  be  enhanced by hard f r e e z e s  a f t e r  ap­
p l i c a t i o n .  This  w a s  observed a t  Wi l l i s ton  and i n  wild r a d i s h  t r e a t e d  
wi th  0.84 kg/ha basagran a t  t h e  Green Acres r e sea rch  farm. 

Bentazon has  been shown t o  be a f f e c t e d  by environmental f a c t o r s  (BASF 
Tech. In fo . ,  Bull .  No 7804). An optimum temperature f o r  bentazon 
would be  over 18 C ( E l l i s o n ,  1980). This temperature r e l a t i o n s h i p  
would have t o  be considered when determining a c o n t r o l  program f o r  a 
win te r  weed, s i n c e  win te r  temperatures  i n  F lo r ida  vary so much. 

This  experiment should be  repea ted  t o  observe t h e  a c t i v i t y  of t h e s e  
chemicals on t h e  crop and weed, i n  an  earlier growth s t a g e .  The a f f e c t s  
of temperature on bentazon need t o  be  eva lua ted  f u r t h e r .  

1. 

2. 

3. 
4. 

5. 

6. 

7. 
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TABLE 1. Con t ro l  of W i l d  Radish and Vetch Tolerance From t h e  Use 
o f  He rb i c i des  Fo l l ow ing  an A p p l i c a t i o n  o f  1.12 kg/ha
Bentazon. 

Date 
Treatment 1-26-80 2-3-80 2-7-80 2-14-80 

W i l d  Radish Con t ro l  

a c i  f 1uo r fen  6.0 a 8.5 a 9.9 a 9.9 a 
bentazon 4.5 a 8.0 a 9.5 b 9.7 a 

check 
2,4-DB 1.0 b 

1.0 b 
1.0 b 1.0 c 
0.0 b 1.0 c 

1.0 b 
1.0 b 

Crop erance 

a c i f l u o r f e n  2.5 a 5.5 a 6.5 a 6.5 a 
bentazon
2,4-DB 

0.0 a 
0.0 a 

0.5 c 2.0 b 
2.0 b 0.0 b 

0.0 c 
3.0 b 

check 0.0 a 0.5 c 0.0 b 0.0 c 

A r a t i n g  of 0 equals  no a f f e c t  on t h e  crop o r  weed, wh i l e  a r a t i n g  of 
1 0  equals  complete c o n t r o l  of e i t h e r  t h e  crop o r  t h e  weed. 

Values among t r ea tmen t s  w i th in  each d a t e  followed by t h e  same l e t t e r  
are  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 level of p r o b a b i l i t y  ac­
cord ing  t o  Duncan’s new m u l t i p l e  range tes t .  
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TABLE 2. 	 Contro l  o f  Wi ld  Radish and Vetch Tolerance From the Use o f  
Herbic ides With No Previous Herbic ide App l ica t ion .  

Date 
Treatment 


a c i f l  uor fen 

bentazon 

2,4-DB 

check 


a c i  f 1uorfen 

bentazon 

2,4-DB 

check 


1-26-80 2-3-80 2-7-80 2-14-80 


Wild  Radish Control  

3.5 a 4.5 b 6.5 a 7.0 b 
1.5 b 6.0 a 8.5 a 8.25 a 
0.0 b 0.0 c 0.5 b 0.0 c 
0.0 b 0.0 c 0.0 b 0.0 c 

Crop Tolerance 

3.0 a 4.0 a 5.5 a 4.5 a 
0.0 b 0.5 b 0.0 b 0.0 c 
0.0 b 2.5 ab 2.0 b 2.0 b 
0.0 b 0.0 b 0.0 b 0.0 c 

A r a t i n g  of 0 equals no a f f e c t  on the crop or weed, while a r a t i n g  of 
10 equals complete con t ro l  of e i t h e r  the  crop or  the  weed. 

Values among treatments within each da te  followed by t h e  same l e t t e r  
a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.05 l e v e l  of p robab i l i ty  ac­
cording t o  Duncan’s new mul t ip le  range test. 
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TABLE 3. 	 Control of Wild Radish and Lupine Tolerance from the Use o f  
Herbicides Following an Applicat ion o f  1.12 kg/ha Bentazon. 

Date 
Treatment 1-26-80 2-3-80 2-7-80 2-14-80 

Wild Radish Control 

a c i f l u o r f e n  4.0 a 7.5 a 9.25 a 9.7 a 
ben tazon 2.0 b 8.0 a 9.25 a 9.5 a 
2,4-DB 1.0 bc 1 .0  b 1.0 b 1.5 b 
check 0.5 c 1.0 b 1.0 b 1 .0  b 

Crop Tolerance 

a c i  fluorfen 8.0 a 9.45 a 9.9 a 9.9 a 
hen on 10.0 a 9.95 a 9.9 a 9.9 a
2,4-DB 2.0 b 5.0 b 4.0 b 2.5 b 
check 0.0 b 0.5 c 2.0 b 2.0 b 

A r a t i n g  of 0 equals  no a f f e c t  on t h e  crop or  weed, while a r a t i n g  of 
10 equals complete con t ro l  of e i t h e r  the  crop o r  the  weed. 

Values among treatments wi th in  each da te  followed by the  s a m e  let ter 
a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.05 l e v e l  of p robab i l i ty  accord­
ing t o  Duncan's new mul t ip le  range t e s t .  
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TABLE 4. 	 Control of Wild Radish and Lup ine  Tolerance From the Use 
of Herbicides Following No Previous Herbicide Application. 

Date 
Treatment 1-26-80 2-3-80 2-7-80 2-14-80 

Wild Radish Control 

ac i  f 1uorfen 3.0 a 4.5 a 6.5 b 8.25 a 
bentazon 1.0 b 6.0 a 8 .0  a 8.75 a 
2,4-DB 0.56 b 0.0 b 0.0 c 0.0 b 
check 0.0 b 0.0 b 0.0 c 0.0 b 

Crop erance 

f1uorfen 
bentazon 
2,4-DB 0.5 b 0.5 0.0 d 0.0 bcheck 

A r a t i n g  of 0 equals no a f f e c t  on the  crop or weed, while a r a t i n g  of 
10 equals complete con t ro l  of e i t h e r  the  crop or  the  weed. 

Values among treatments wi th in  each da te  followed by the  same l e t t e r  
a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.05 l e v e l  of p robab i l i ty  accord­
ing t o  Duncan's new mul t ip le  range test. 



WEED CONTROL FOR NO-TILLAGE SOYBEANS IN RYE STRAW 

RAYMOND N .  GALLAHER AND WAYNE L .  CURREY 

INTRODUCTION 

Soybean (Glycine max L .  Merr.) i s  an important cash crop t o  Florida agr i­
cu l tu re .  In recent  years  acreage has s t e a d i l y  increased and i s  expected 
t o  be over 500,000 ac res  by 1985, This crop has a potent ia l  gross value 
of over 100 mil l ion  d o l l a r s  annually, adding s i g n i f i c a n t l y  t o  Flor ida’s  
economy. Most of F lo r ida ’ s  soybean crop i s  planted succeeding other crops
such as small gra ins ,  vegetables,  and corn i n  mul t ip le  cropping systems. 

S ign i f i can t  acreage of  small gra ins  grown f o r  g ra in  i s  produced i n  Florida.  
Soybeans-is an ideal crop t o  succeed small grain i n  a succession double 
cropping system. Pas t  experience shows t h a t  no- t i l l age  planting of soy-
beans i n t o  small gra in  straw can have advantages a s  compared t o  conventional 
t i l l a g e  management. Some of these  advantages include: 1 )  Elimination of 
t i l l a g e  f o r  seedbed preparat ion,  thus conserving time, fuel  cos t ,  and 
equipment, and ( 2 )  Conservation of s o i l  and water due t o  ground cover from 
t h e  straw. 

Weed control i n  no- t i l lage  soybeans planted in to  small gra in  straw can o f ten  
get  o u t  of hand i f  proper herbicides and t i m i n g  of herbicide appl ica t ion a r e  
not managed properly. Weeds probably cause the  g r e a t e s t  y i e l d  loss and .is 
the most dev i s ta t ing  pest encountered i n  soybean farming irrespective of 
t i l l a g e  regeime. The object ive  of this study was t o  inves t iga te  herbicides 
and no- t i l l age  management var iables  f o r  control of weeds and treatment 
influence on y ie ld  of soybeans planted in  rye straw. 

MATERIALS AND METHODS 

T h i s  study was conducted from 1977 through 1979 a t  the Green Acres Agronomy
farm near Gainesvi l le ,  Florida.  Cobb soybeans were planted i n t o  rye straw 
i n  l a t e  May us ing  a Brown Harden Superseeder min imum t i l l a g e  p lanter .  Soy-
beans were seeded in 30 inch rows a t  1 2  seed per f o o t .  Main treatments were 
no- t i l l age  in-row subsoil versus no- t i l l age  cou l t e r  s lo t- plant ing.  Four 
sub-treatments were herbicide combinations a s  shown under Tables 1 and 2 .  
The  t e s t  was rep l i ca ted  th ree  times. All p lo t s  received .25  pounds a . i .  
paraquat plus 1 p in t  Ortho x 77 per 100 gallons of water applied post
di rec ted  when the crop was 14 t o  18 inches i n  he igh t .  

Weed populations were estimated a t  harvest  each year a n d  a r e  reported a s  
percentage of the ground covered by weeds. No ground cover of weeds would 
represent  0% while complete ground cover would represent  100%. 

Raymond N. Gallaher and Wayne L.  Currey a r e  Associate Professors of 
Agronomy, Department of Agronomy, I n s t i t u t e  of Food and Agricultural
Sciences, Universi ty of Flor ida ,  Gainesvil le ,  FL 32611 
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RESULTS AND DISCUSSION 

Yield 

Soybean yield was considerably higher than the Florida s t a t e  average
(Table 1 ) .  No-tillage coul ter slot-planting gave the highest yield
i n  1977 as compared to  no-tillage in-row subsoil. Weather conditions 
in 1977 were such t h a t  severe moisture s t ress  occurred a l l  over Florida. 
Several sources indicated that  suf f ic ient  rainfal l  did not occur to  seal 
up the subsoil s lo t s  in 1977 and instead of obtaining better soil  moisture 
ut i l izat ion,  the reverse occurred. No data i s  available to  substantiate 

. this  hypothesis: however, the open s l o t  may have caused soi l  moisture 
t o  evaporate and be lost  more easi ly.  Main plot treatments had no 

affect on yield in 1978 or 1979. 

Herbicide treatments had no effect on yield of soybeans in 1977. The

area was in bahiagrass (Paspalum Notatum Flugge)

by tillage in 1976. Weeds were not a big problem

Var.) sod and was destroyed

i n  1977 as in subsequent 

years, Also bahiagrass reestablishment and competition d i d  not become 
significant until a f t e r  the f i r s t  year. These combined factors  are 
t h o u g h t  t o  be the reasons fo r  a l l  herbicides resulting i n  similar yield

of soybeans in 1977. 

A def ini te  trend emerged among herbicide variables in 1978 and 1979. 
The best treatment (alachlor + metribuzin + glyphosate) gave a three-
year average of 37 bu/A. This was a six bu/A advantage over using
glyphosate alone, which resulted in the lowest yield.  Applications
of oryzalin + metribuzin + paraquat and prodiamine + metribuzin + 
paraquat were n o t  s t a t i s t i c a l l y  different  in yield from alachlor + 
metribuzin + glyphosate. 

Ground Cover of Weeds 

The percentage ground cover of weeds a t  harvest time (Table 2 )  shows 
a strong relationship with yield. As yield increased weed cover de-
creased. Note tha t  weed pressure was much greater where glyphosate 
was used alone. All other treatments had the  same ground cover of 
weeds a t  harvest. This difference was due. to  residual herbicides 
used i n  the f i r s t  three treatments but not in treatment four. 

If the three year average yield in Table 1 i s  plotted against the three 
year average percentage ground cover of weeds in Table 2 then we obtain 
a simple change relationship given by the following equation: yield = 
38 bushels - . 23 (x  change i n  percent ground cover of weeds). T h i s  means 
tha t  soybean yield was reduced by 0.23 bu/A as the percent ground cover 
o f  weeds increased by 1%. If there had been no weeds, yield should have 
been 38 bu/A. If there had been 30% round cover of weeds, yield pre-
diction would be 38 bushels - .23(30%)or 31 bu/A. 

Summary 

With proper management, no-tillage soybeans in rye straw can be grown
successfully. Proper selections and timing of herbicides are c r i t ica l  
for successful weed control in no-tillage soybeans. This study shows 



51 


t h a t  a lach lo r  + met r ibuz in  + glyphosate provided good o v e r a l l  y i e l d  and 
the l e a s t  competing weeds. Other treatments, us ing res idua l  herbic ides 
and the contact  herb ic ide paraquat were s t a t i s t i c a l l y  equal i n  y i e l d
and i n  weed con t ro l  t o  the above treatment. Soybean y i e l d  was reduced 
by almost 1/4 bu/A f o r  each percentage increase i n  ground cover of weeds. 
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Table 1 .  	 Yield as affected by s u b s o i l i n g  and chemical weed control f o r  minimum t i l l a g e
soybeans. 

1977 1978 1979 3-Year Average 
Sub- - Sub- - Sub- - Sub- -Treatment Soil , Coul. X Soil Coul. Soil Coul,  Soi l  Coul, X 

---------- -----------
41 46 34 32 33a 38 31 35a 37 36 37a 

2 33 47 44a 32 28 30ab 31 31 31ab 32 35 34ab 

3 37 43 40a 30 28 31 31 31ab 32 34 33ab 

4 37 41 39a 29 27 28 b 26 29 28 b 30 32 31 b 

37 44 31 32 31NS 33 34NS 

Alachlor (Lasso) 3 lb .  + Metribuzin (Sencor 0.38 l b  
glyphosate (Roundup) 2 l b  

2. 	 (Surflan 1 l b .  + Metribuzin (Sencor 0.38 + 
paraquat (Ortho Paraquat C L )  l b  + Ortho X-77 added a t  1 ga l .  spray.

3. 	 Prodiamine 0.33 l b  Metribuzin (Sencor .38 l b  + 
paraquat (Ortho Paraquat C L )  l b  + Ortho X-77 added a t  1 ga l .  spray.

4. Glyphosate (Roundup) 2 l b  

difference between t i l l a g e  means a t  0.05 level of probabil i ty.  

'Means followed by common l e t t e r s  i n  the same column are non s ign i f ican t  a t  the 0.05 
level of probabil i ty.  

= Non-significant 

Alachlor - 2-chloro-2' ide 
Metri b u z i n  - 4-amino-6-tert-butyl-3-(methyl t h i o )  
Glyphosate - ne 

i n  - sulfanilamide 
Paraquat - ionProdiamine - tro-N3 3- di  propyl-6-( t r i f l  uoromethyl 



Table 2. 	 Percent ground cover o f  weeds a t  harvest  of minimum t i l l a g e  as a f fec ted 
by t i l l a g e  and chemical weed c o n t r o l .-' 

1977 1978 1979 3-Year Average 

- Sub- Sub-
Treatment S o i l  Coul. X S o i l  Coul, S o i l  Coul. s o i l  

1. 21.3 11.3 16.3 12.0 14.0 13.0 b 6.8 12.5 13.5 13.8 13.21 

2. 25.8 17.0 21.4 b 15.3 13.0 14.2 b 16.0 18.8 19.3 16.3 17.8 '  

3. 22.5 23.8 23.2 b 22.0 12.0 17.0 b 11.3 18.8 18.8 18.3 18.61 

4. 41.3 26.3 61.3 43.8 5 2 . 6 a 1 4 . 5  22.5 39.0 

-
X 27.8 27.7 12.2 

1. 	 Alach lor  (Lasso) 3 l b .  + Me t r i buz in  (Sencor .38 l b  + 
glyphosate (Roundup) 2 l b  

2. 	 Oryza l i n  ( S u r f l a n  75W) 1 l b  + Me t r i buz in  (Sencor .38 l b  
paraquat (Ortho Paraquat CL) + Ortho X-77 added a t  1 ga l .  spray.

3. 	 Prodiamine (Rydex) .33 l b  + Met r i buz in  (Sencor .38 l b  
paraquat (Ortho Paraquat CL) + Ortho X-77 added a t  1 ga l .  spray.

4. Glyphosate (Roundup) 2 l b  

' Means followed by common l e t t e r s  i n  the  same column are non s i g n i f i c a n t  a t  t he  
0.05 l e v e l  of p r o b a b i l i t y .  

NS = Non S i g n i f i c a n t  



SUBSOILING AND MINIMUM TILLAGE OF CORN ON 
FLORIDA FLATWOOD SOIL 

R.N. Ga l l ahe r  and W.R. Ocumpaugh 

INTRODUCTION 

E s t a b l i s h i n g  c o r n  (Zea mays L . )  i n  unprepared seedbeds is becoming 
a widely p r a c t i c e d  management procedure.  Minimum o r  n o- t i l l a g e  p l an t­
i n g  of c o r n  can s i g n i f i c a n t l y  reduce f u e l  u s e  and the t i m e  r e q u i r e d  
t o  p l a n t  when compared t o  convent iona l  t i l l a g e  management. F l o r i d a  
has a widely d i v e r s e  number of s o i l  t ypes ,  some of which have pro­
duced g r e a t e r  c o r n  y i e l d  a f t e r  in-row s u b s o i l i n g  when compared t o  a 
check. F l o r i d a  f la twood s o i l s  are e x t e n s i v e  and d a t a  on s u b s o i l i n g  
and minimum t i l l a g e  on these s o i l s  are lack ing .  This paper  p rov ides  
and d i s c u s s e s  c o r n  d a t a  as in f luenced  by t i l l a g e  on t h r e e  F l o r i d a  
flatwood si tes i n  1979. The s o i l  a t  a l l  l o c a t i o n s  w a s  a Pomona sand 
(sandy, s i l i c e o u s ,  hyperthermic U l t i c  Haplaquods) having less than  
one pe rcen t  s lope .  

EXPERlMENTAL PROCEDURE 

Three experiments  were e s t a b l i s h e d  i n  1979 on s o i l s  c l a s s i f i e d  as  
Pomona sand. These s t u d i e s  were either on o r  a d j a c e n t  t o  the Beef  
Research Unit of the I n s t i t u t e  of Food and A g r i c u l t u r a l  Sc iences ,  
University of F l o r i d a ,  l o c a t e d  about  1 9  km (12 miles) North of 
Gainesville. A l l  exper iments  had two c o r n  hyb r id s  ('DeKalb XL78' and 
'Asgrow RX114') as whole p l o t s  and in-row s u b s o i l i n g  versus no sub-
s o i l i n g  as sub p l o t s .  Each w a s  r e p l i c a t e d  three times. T i l l a g e  and 
p l a n t i n g  o p e r a t i o n s  were accomplished w i t h  4600 and 5600 Ford trac­
t o r s .  Brown-Harden two row Superseeder  frames were used f o r  p l a n t i n g ,  
one w i t h  and one wi thout  in-row s u b s o i l e r s  a t t a ched .  I n d i v i d u a l  
p l a n t e r s  were John Deere F l e x i  7 1  u n i t s  a t t a c h e d  t o  t h e  frame. 

I n  a s i n g l e  p a s s ,  corn  w a s  seeded i n  76.2 cm (30 inches)  wide rows a t  
74,130 seed /ha  (30,000 seed/A) w i t h  2.24 kg/ha (2 pound/A) a c t i v e  in­
g r e d i e n t  (a.i .)  a l a c h l o r  (Lasso) (2-chloro-2', 6'-diethyl-N-(meth­
oxymethyl) a c e n t a n i l i d e ) ,  2.24 kg/ha (2 pounds/A) a . i .  a t r a z i n e  (2-
chloro-4-ethylamino-6-isopropyl-amino-1,3, 5-triazine) and 2.24 kg/ha 
(2 pounds/A) a . i .  ca rbofuran  (Furadan) (2, 3-Dihydro-2, 2-dimethyl-7-
benzofuranyl  methylcarbamate).  Corn on minimum t i l l a g e  exper iments  
a l s o  r ece ived  i n  the h e r b i c i d e  t ank  mix 0.56 kg/ha (0.50 pounds/A) a . i .  
paraqua t  p l u s  0.47 L ( 1  p i n t )  Ortho X77 s u r f a c t a n t  per  378.4 L (100 
g a l l o n s )  of water app l i ed .  The h e r b i c i d e s  w e r e  app l i ed  u s ing  8004 t i p s  
spaced 50.8 cm (20 inches) a p a r t  a t  2.812 kg/cm2 (40 p s i )  p r e s s u r e  i n  
a l i q u i d  s o l u t i o n  of 113.52 L/ha (30 gal lons/A) u s ing  water as a carrier.  

R.N. Gallaher and W.R. Ocumpaugh are Assoc i a t e  and A s s i s t a n t  P ro fe s so r s  

of Agronomy r e s p e c t i v e l y ,  Agronomy Department, IFAS, Un ive r s i t y  of 

F l o r i d a ,  G a i n e s v i l l e ,  F l o r i d a  32611. 

The u s e  of product  t r a d e  names does  n o t  c o n s t i t u t e  a guaran tee  o r  warran­

t y  of t h e  produc ts  named and does n o t  s i g n i f y  approva l  t o  t h e  exc lus ion  of 

similar produc ts .  
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Experiment one 

Land p repa ra t ion  f o r  experiment one included a harrow (2.44 meter 
8 f o o t  bushog) ope ra t ion  followed by a moldboard plow (Ford wi th  t h r e e  
40.6 cm (16 inch)  plows) ope ra t ion  on r e c e n t l y  c l e a r e d  land.  W e  then  
broadcas t  56-43.4-232.6-33.6-28 kg/ha (50-38.7-207.5-30-25 pounds/A) 
of N(ni t rogen) ,  P(phosphorous), K(potassium), F r i t  503 trace elements 
and Mg(magnesium), r e s p e c t i v e l y  and harrowed once more on March 16  p r i o r  
t o  p l a n t i n g  on March 1 7 .  P l o t  s i z e  cons i s t ed  of e i g h t  rows 76.2 meters 
(250 f e e t )  long. A 23.2 sq  meter (250 sq  f e e t )  area w a s  sampled from 
each p l o t  f o r  y i e l d  de te rmina t ion  on J u l y  6, 1979. 

Experiment two 

This  area had been i n  corn  product ion i n  1977 but  w a s  no t  farmed i n  1978. 
I n  November of 1978 a l i g h t  harrow was  run over t h e  test s i t e  b u t  young 
blackberry (Rubus sp . )  and o t h e r  weeds were extensive when corn w a s  p lan t­
ed by t h e  minimum t i l l a g e  procedures  on March 1 7 ,  1979. F e r t i l i z e r  was 
app l i ed  a t  p l a n t i n g  i n  a 20 c m  (8 inch)  band over t h e  top  of t h e  corn  row 
a t  a rate of 31.4-27-78.2 kg/ha (28-24-69.7 pounds/A) N ,  P, and K, res­
pec t ive ly .  The p l o t s  w e r e  6 rows wide and 30.48 meters (100 f e e t )  i n  
length .  A 9.29 sq meter (100 sq  f e e t )  area w a s  sampled from each p l o t  
f o r  y i e l d  de te rmina t ion  on J u l y  6 ,  1979 .  

Experiment t h r e e  

This area w a s  ad j acen t  t o  experiment two and had t h e  same cropping h i s t o r y .  
This  area w a s  undis turbed ,  i n  t h a t  i t  had not  been harrowed t h e  previous 
f a l l  as was  t h e  ca se  i n  experiment two. It was  covered wi th  l a r g e  f r u i t  
bear ing  b lackber ry  b r i a r s  and covered uniformly w i t h  o the r  broadleaf  and 
grassy  weeds. Treatment and sampling w a s  t h e  same as f o r  experiment two, 
however, p l o t  l e n g t h  w a s  15.24 m e t e r s  (50 f e e t )  i n s t e a d  of 30.48 meters 
(100 f e e t )  as f o r  experiment two. P l o t s  w e r e  sampled f o r  y i e l d  de t e r­
minat ion on J u l y  9,  1979. 

Common practices 

Procedures common t o  a l l  s t u d i e s  included t h e  s i d e d r e s s  a p p l i c a t i o n  of 
168 kg N/ha (150 pounds/A) when corn  w a s  50 c m  (20 inches)  i n  he igh t .  
Near t h e  same time a p o s t  d i r e c t  a p p l i c a t i o n  of 0.28 kg/ha a . i .  paraquat  
p l u s  1.121 kg/ha a . i .  l i n u r o n  (Lorox) ( 3 - ( 3 ,  4-Dichlorophenyl)-l-methoxy 
1-methyl-urea) and 0.47 L (1p i n t )  Ortho X77 s u r f a c t a n t  per  378.4 L (100 
g a l l o n s  of w a t e r  w a s  made on min imum t i l l a g e  experiments.  Pos t  d i r e c t  
h e r b i c i d e  t rea tments  w e r e  n o t  needed on experiment one because of low 
weed popula t ions  a s s o c i a t e d  wi th  t h e  r e c e n t l y  c l ea red  land.  

P l o t  weights  of whole p l a n t s  and ears w e r e  t aken  f o r  dry matter, mois­
t u r e  and s h e l l i n g  percent  us ing  r o u t i n e  procedures.  Forage y i e l d s  are 
repor ted  a t  zero mois ture  on a d ry  matter basis and g r a i n  ad jus t ed  t o  
15.5%. 

S t a t i s t i c a l  ana lyses  were made us ing  taped programs f o r  a s p l i t  p l o t  on 
a programmable c a l c u l a t o r .  Means w e r e  eva lua ted  by F test. 
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RESULTS AND DISCUSSION 


Data are g iven  i n  t a b l e s  1 through 3 f o r  y i e l d  and o t h e r  v a r i a b l e s .  
W e  have i n d i c a t e d  t reatment  d i f f e r e n c e s  a t  t h e  80% level of probab­
i l i t y  and above. The 80% level w a s  chosen due t o  t h e  d i f f i c u l t y  of 
measuring t rea tment  d i f f e r e n c e  wi th  a small number of r e p l i c a t i o n s  
and t rea tments  . 
Both hybr ids  responded t o  subso i l i ng  f o r  fo rage  y i e l d  i n  a l l  experi­
ments. This  w a s  n o t  t h e  case  f o r  g r a i n  y i e l d .  DeKalb XL78 did  n o t  
respond i n  experiment two and n e i t h e r  hybr id  responded t o  subso i l i ng  
i n  experiment t h ree .  Grain y i e l d  w a s  p o s i t i v e l y  r e l a t e d  t o  ear weight 
and ear weight w a s  l a r g e r  i n  t h e  two minimum t i l l a g e  experiments,  
(Tables 2 and 3 )  as compared t o  t h e  convent ional  t i l l a g e  test (Table 1). 
This  w a s  as expected s i n c e  i t  has  been shown t h a t  more s o i l  mois ture  
is a v a i l a b l e  t o  corn  i f  grown under minimum t i l l a g e  as compared t o  
convent ional  t i l l a g e .  S ince  s u b s o i l i n g  a l s o  r e s u l t e d  i n  h igher  y i e l d  
i t  can be  assumed t h a t  t h i s  a l s o  w a s  b e n e f i c i a l  i n  mois ture  conserva­
t i o n  and poss ib ly  b e t t e r  p l a n t  r o o t  d i s t r i b u t i o n  i n t o  t h e  s u b s o i l  lay­
ers. 

Subsoi l ing  had t h e  g r e a t e s t  b e n e f i t  f o r  corn  i n  t h e  convent ional  til­
l a g e  s tudy  (Table l). More s o i l  mois ture  would be  l o s t  as a r e s u l t  
of e x t r a  s o i l  exposure f o r  evapora t ion  and l a c k  of ground cover t o  
reduce runoff and i n f i l t r a t i o n  i n  t h e  convent ional  t i l l a g e  area. The 
g r e a t e r  response  t o  subso i l i ng  i n  experiment one ind ica t ed  a g r e a t e r  
need f o r  s u b s o i l  water as compared t o  t h e  n o- t i l l a g e  s t u d i e s .  

Yie lds  i n  t h e  no- t i l lage  experiments were equal  t o  o r  g r e a t e r  than i n  
t h e  convent ional  t i l l a g e  test. Most i n p u t s  w e r e  equal  except  f o r  t he  
extra f e r t i l i z e r  used and extra f u e l  consumption, and time r equ i r ed  
t o  prepare  t h e  land  �or p l a n t i n g  i n  experiment one. S p e c i f i c  f u e l  con­
sumption and t i m e  measurements f o r  va r ious  ope ra t ions  have n o t  been 
made f o r  a Pomona sand b u t  have been measured f o r  o t h e r  F lo r ida  s o i l s .  
Using average va lues  f o r  f u e l  consumption and t i m e  measures f o r  F l o r i d a  
sandy s o i l s  show t h a t  t h e  va r ious  t i l l a g e  regimes used i n  t h e s e  s t u d i e s  
vary  widely as fol lows:  (1) Conventional t i l l a g e  s o i l  p repa ra t ion  and 
p l a n t i n g  would use  an  average of 34.78 L/ha (3.72 gallons/A) of d i e s e l  
f u e l  and would take 241.91 min/ha (97.9 min/A) t o  perform. (2 )  Plant­
ing  wi th  in-row subso i l i ng  i n t o  t h e  convent ional  t i l l a g e  seedbed would 
add 5.05 L/ha  ( .54  gallons/A) f u e l  used and would r e q u i r e  a d d i t i o n a l  
time of 12.36 min/ha (5.0 min/A). ( 3 )  No- t i l lage  would reduce f u e l  
and t i m e  requirements  tremendously. No- t i l lage  without  s u b s o i l i n g  re­
qui red  an average of 6.55 L/ha ( . 7 0  gal lons/A) d i e s e l  f u e l  and 77.59 
min/ha (31 .4  min/A) t o  p l a n t .  ( 4 )  No- t i l lage  wi th  in-row subso i l i ng  
would add 6.45 L/ha ( .69  gallons/A) d i e s e l  f u e l  used and 9.43 min/ha 
( 4 1  min/A) t i m e  t o  p l a n t  corn. 

From t h e  f u e l  and t i m e  d a t a  given we can no te  t h e  fol lowing:  (1) To 
grow corn as i n  experiment one (non-subsoiled) i t  would r e q u i r e  f i v e  
times more f u e l  than  n o- t i l l a g e  (non-subsoiled) as i n  experiments two 
and th ree ,  ( 2 )  i t  would t ake  over t h r e e  t i m e s  more t i m e  t o  e s t a b l i s h  
t h e  c rop  i n  t h e  convent ional  ve r sus  n o- t i l l a g e  system, and ( 3 ) i t  would 
t ake  twice t h e  f u e l  of t h a t  requi red  f o r  n o- t i l l a g e  t o  p l a n t  wi th  in-
row subso i l i ng ,  bu t  would r e q u i r e  only s l i g h t l y  more t i m e  t o  subso i l .  
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If farmers can ob ta in  y i e l d s  from no- t i l lage  on flatwood s o i l s  a s  
w e  obtained i n  these  s t u d i e s ,  s i g n i f i c a n t  savings i n  energy, equip­
ment, and labor  w i l l  r e s u l t  i n  Flor ida  agr icu l tu re .  A t  t he  same time 
p r o f i t s  would be higher because of these  reduced input  c o s t s  as w e l l  
as 'the ex t ra  r e tu rns  generated from higher y i e l d s  t h a t  would l i k e l y  
occhr. 

A n  addit ional  f a c t o r  t h a t  needs t o  be considered on flatwood s o i l s  i s  
that i f  heavy r a i n s  come a f t e r  t h e  s o i l  has been cu l t iva ted  (harrowed 
and/or moldboard plowed) i t  can become s o  w e t  during the  p lant ing sea-
son t h a t  i t  may delay planting.  The cu l t iva ted  s o i l  when w e t  w i l l  not  
support machinery. This is not a se r ious  problem i n  minimum t i l l a g e  
s i t u a t i o n s .  Thus i n  w e t  years  p lant ing time could be delayed from a 
few days t o  a few w e e k s  under convenfional t i l l a g e .  Delayed plant ing 
o f ten  r e s u l t s  i n  reduced y ie lds .  Worse s t i l l  would be t o  have the  
s o i l  t i l l e d  and t h e  f e r t i l i z e r  cu l t iva ted  i n ,  ready t o  p l a n t  then get  
heavy rain t h a t  delayed plant ing two weeks o r  more a s  happened a t  the  
Beef Research Unit i n  1980. No measurements were made, but  undoubted­
l y ,  considerable N and K f e r t i l i z e r  was l o s t  due t o  leaching. 
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Table 1. Corn Variables as influenced by subsoiling and corn 
hybrids grown on a flatwood soil in a conventional tillage seed­
bed, Gainesville, Florida, 1979. (Exp. 1). 

Subsoil Subsoil 


Variety Yes No Mean Yes No Mean 


Dry forage yield kg/ha Grain yield kg/ha 

DeKalb XL78 18,699 15,993 17,346a 7,044a 6,755a+ 6,900 

Asgrow RX114 18,650 15,890 17,270a 6,077a 4,708a+ 5,393 


Mean 18,675 15,942* 6,561 5,732** 

Percentage grain in forage Ear weight in grams
DeKalb XL78 31.8a 32.1aNS 32.0  134 103 119a 
Asgrow RX114 30.6a 25.0b* 27.8 130 87 109a 

Mean 31.2 28.6 132 95** 


Number plants/ha Number ears/ha 
DeKalb XL78 57,564 56,531 57,048b 52,828 58,856 55,842a 
Asgrow RX114 59,717 65,314 62,516a 52,225 54,378 53,381a 
Mean 58,641 60,923NS 52,527 56,617* 


DeKalb XL78 251a 259a c;55 81 86 84b 
Asgrow RX114 265a 239b++ 252 91 98 95a 

Mean 258 249 86 92NS 

Ear node height in cmPlant height 

NS=Non significant

+ = Significant interaction at the 80% level of probability. 

= Significant interaction at the 90% level of probability.* = Significant interaction at the 95% level of probability or between 
the tillage treatment.** = Significant differences at the 99% level between tillage treatments. 

letters = Values between hybrids followed by different letters are 
significantly different at the 95% level of probability. 

Multiply kg/ha by 0.89 to get pounds/A. 

Multiply number/ha by 0.405 to get numbers/A.

Divide grams by 454 to get pounds. 

Divide cm by 2.54 to get inches. 
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Table 2. Corn variables as influenced by subsoiling and corn 
Hybrids on a flatwood soil in a non-tilled seedbed, Gainesville, 
Florida, 1979. (Exp. 2). 

Subsoil Subsoil 

Variety Yes No Mean Yes No Mean 


Dry forage yield kg/ha Grain yield kg/ha

DeKalb XL78 22,221 20,822 21,522a 9,209 9,121 9,165a

ksgrow RX114 18,613 17,668 18,14lb+ 7,734 7,539 7,637b++ 


Mean 20,417 19,245+ 8.472 8.330NS 


Percentage grain in forage Ear weight in grams
DeKalb XL78 35.0 37.0 36.0a 153 154 154a+ 
Asgrow RX114 35.1 36.1 35.6a 145 137 141b 

Mean 35.1 36.6NS 149 146NS


Number plants/ha Number ears/ha
DeKalb XL78 60,600 61,676 61,138a 60,600 59,200 59,900a 
Asgrow RX114 55,971 51,666 53,819a 54,895 55,218 55,057a 

Mean 58,286 56,671NS 57,748 57,209
NS 

Plant height in cm Ear node height in cm 
DeKalb XL78 272 266 269a 97 96 97a 
Asgrow RX114 268 252 260a 97 102 lOOa 

Mean 270 97 

NS = Non significant.
+ = Significant interaction at the 80% level of probability. 

= Significant interaction at the 90% level of probability.* = Significant interaction at the 95% level of probability or between 
the tillage treatment.

** = Significant differences at the 99% level between tillage treatments. 
letters = Values between hybrids followed by different letters are 

significantly different at the 95% level of probability. 

Multiply kg/ha by 0.89 to get pounds/A. 

Multiply number/ha by 0.405 to get numbers/A. 

Divide grams by 454 to get pounds. 

Divide cm by 2.54 to get inches. 
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Table 3. Corn variables as influenced by subsoiling and corn 
hybrids on a flatwood soil in a non-tilled seedbed, Gainesville, 
Florida, 1979. (Exp. 3).  

Subsoil Subsoil 

Variety Yes No Mean Yes No Mean 


Dry forage yield kg/ha Grain yield kg/ha 
DeKalb XL78 15,542 14,629 15,086a 7,144a 7,232aNS 7,188 
Asgrow RX114 16,793 14,751 15,772a 7,389a 6,089a+ 6,739 

Mean 16.168 14.69O++ 7,267 6,661 


Percentage grain in forage Ear weight in grams 

DeKalb XL78 38.8 41.8a++ 40.3 154a 150aNS 152 

Asgrow RX114 37.2 34.96++ 36.1 162a 130b++ 146 


Mean 38.0 38.4 158 140 


Number plants/ha Number ears/ha 
DeKalb XL78 42,732 46,284 44,508a 47,360 47,683 47,522a 
Asgrow RX114 40,364 48,437 44,401a 45,530 46,607 46,069a 
Mean 41,548 47,361NS 46.445 47,145NS


Plant height in cm Ear node height in cm 

DeKalb XL78 256 252 254a 85 76 81a 

Asgrow RX114 255 246 251a 99 86 93a 


Mean 256 249NS 92 81NS


NS = Non significant.
+ Significant interaction at the 80% level of probability. 

Significant interaction at the 90% level of probability.
* Significant interaction at 95% level of probability or between 

the tillage treatment.** = Significant differences at the 99% level between tillage treatments. 
letters Values between hybrids followed by different letters are 

significantly different at the 95% level of probability. 

Multiply kg/ha by 0.89 to get pounds/A.

Multiply number/ha by 0.405 to get numbers/A.

Divide grams by 454 to get pounds.

Divide cm by 2.54 to get inches. 




COMPARISONS OF ENERGY REQUIREMENTS FOR WEED CONTROL 
I N  CONVENTIONAL AND NO-TILLAGE SOYBEANS 
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M. B .  GREEN, AND R. C. FLUCKl 

ABSTRACT 

Comparisons o f  energy e f f i c i e n c y  were made between weed con t ro l  programs
i n  conventional and no t i l l a g e  soybean (Glyc ine max (L.) Merr.)  produc­
t i o n .  Two weed con t ro l  systems o f  each o f  conventional and no t i l l a g e
soybean product ion  were compared. Calculated energy inputs  and measured 
y i e l d s  were used t o  determine the s p e c i f i c  energy p r o d u c t i v i t y  f o r  each 
weed con t ro l  program. Both no t i l l a g e  operat ions showed the h ighest  over-
a l l  energy e f f i c i e n c y  w i t h  paraquat + o r y z a l i n  + met r ibuz in  a t  p l a n t i n g
and met r ibuz in  + 2,4-DB d i r e c t e d  post  e x h i b i t i n g  the  greates t  energy
p r o d u c t i v i t y .  

INTRODUCTION 

The weed c o n t r o l  programs i n  t h i s  study were se lec ted t o  compare t h e  
energy e f f i c i e n c e s  o f  preemergence and d i r e c t e d  post  herb ic ides  i n  n o - t i l l  
soybean product ion  t o  t h a t  o f  p rep lan t  incorporated herb ic ides  i n  combina­
t i o n  w i t h  d i r e c t e d  post  herb ic ides  o r  c u l t i v a t i o n  i n  conventional product ion.  

Energy i s  an important  f a c t o r  i n  determining the  e f f i c i e n c y  o f  product ion.
The importance o f  energy w i l l  increase i n  the  f u t u r e  due t o  r i s i n g  f u e l  
costs and exhaust ion o f  non-renewable resources. Energy conservat ion i s  a 
m a j o r reason f o r  t he  increas ing adoption o f  no t i l l a g e  product ion systems. 

There are  many d i f f e r e n t  energy u n i t s  used throughout the  world. One o f  t he  
more common u n i t s  i s  t he  j o u l e  which i s  o f  t he  m e t r i c  (SI) system. This 
r e p o r t  w i l l  commonly r e f e r  t o  these energy u n i t s  as megajoules (MJ) o r  
106 joules. 

F luck (1979) proposed t h a t  a new measure o f  p r o d u c t i v i t y ,  the q u a n t i t y  o f  
product per  u n i t  o f  i n p u t  energy, be designated and t h a t  i t  be termed energy
productdv i ty .  I n  the  SI system o f  u n i t s ,  a convenient measure o f  energy
p r o d u c t i v i t y  i s  kilogrammes per  megajoule (kg/MJ). 

Energy p r o d u c t i v i t y  i s  s p e c i f i c  f o r  each a g r i c u l t u r a l  product,  l o c a t i o n  and 
time. That i s ,  energy p r o d u c t i v i t y  can be used on ly  t o  compare a l t e r n a t i v e  
product ion  systems and energy conservat ion p r a c t i c e s  which r e s u l t  i n  the  
same product,  a t  t he  same place, a t  t he  same t ime. By c a l c u l a t i n g  the  energy
p r o d u c t i v i t y  o f  var ious product ion systems, the most energy e f f i c i e n t  system 
may be determined. 

'Research Ass is tan t ,  Associate Professor, Ass i s tan t  Professor, and V i s i t i n g
Professor o f  Agronomy, and Professor o f  A g r i c u l t u r a l  Engineering, respec­
t i v e l y .  I n s t i t u t e  o f  Food and A g r i c u l t u r a l  Sciences , U n i v e r s i t y  o f  F lo r ida ,  
Gainesvi 1l e ,  F lo r ida .  
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RESULTS AND DISCUSSION 

Results from these four weed control programs indicated tha t  the no-tillage
operations produced larger yields and required less energy i n p u t  than the 
conventional operations. Therefore, the no- t i l l  production systems showed 
greater efficiency from an energy point of view due t o  larger values of 
energy productivity. 

Many explanations exis t  for no-tillage efficiency. Robertson and Prine 
(1976) and Tr ip le t t  and Van Doren (1977) l i s t ed  numerous advantages: 

( 1 )  Less fuel i s  required due t o  fewer and less  energy-intensive 
f i e ld  operations. 

( 2 )  	 Higher yields often resul t ,  particularly in dry land farming
and on well-drained land. Evidence of th is  report supports
the above statement. 

(3)  Less time and labor are required. 

( 4 )  Land use may be intensified. 

(5)  I t  i s  possible to farm lower quality land. 

( 6 )  Less erosion occurs. 

( 7 )  Moisture i s  conserved. 

(8)  Soil structure may be improved. 

( 9 )  There i s  lower investment for  machinery. 

The no- til l  weed control program tha t  exhibited the greatest  energy pro­
ductivity was the combination of paraquat + oryzalin + metribuzin a t  
planting with metribuzin + 2,4-DB directed post .  This herbicide program
produced an efficiency rating 21.7% greater than that  of the h ighes t  yield­
ing conventional program and 27.3% greater than t h a t  o f  the lowest yielding
conventional program. 

The no- t i l l  preemergence application of paraquat, alachlor, and metribuzin 
contributed the second highest energy productivity. This weed control 
program was found t o  be 17.8% greater t h a n  t h a t  of the highest yielding
conventional program and 23.7% greater than t h a t  of the lowest yielding
conventional program which contained two cultivations. 

Green and McCulloch (1976) stated tha t ,  in general, a t  leas t  two mechanical 
weeding operations are required to  achieve the ef fec t  of one chemical t reat­
ment. This statment i s  supported by the poor performance of the conventional 
program which contained two cultivations.  I t  produced the lowest yield
while requiring the greatest  total  energy input. When compared to  the 
directed post-treatments in conventional production, the mechanical weeding
again proved t o  be the leas t  e f f ic ient .  This comparison supports the s ta te­
ment tha t  chemicals are an ef f ic ient  use of fossi l  fuel .  
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The purpose of this research was t o  determine the  energy requirements of 
various weed control  programs i n  no-t i l lage and conventional production of 
soybeans and t o  compare their energy e f f i c i e n c i e s .  

MATERIALS AND METHODS 

Field experiments t o  evaluate the  energy product iv i ty  of weed control 
programs in n o- t i l l  and conventional soybean production were i n i t i a t e d  in 
June of 1979 a t  the Agricultural  Research Center located i n  Jay,  Florida. 
The s o i l  type was a Tif ton f i n e  sandy loam. Preplant  incorporated and 
preemergence herbicides were applied d u r i n g  the f i r s t  week i n  June w i t h  
the directed-post  t reatments applied August  1 .  Soybeans y i e l d s  f o r  these  
four weed control  programs were obtained i n  the  f a l l .  

The energy i n p u t s  for  manufacturing soybean herbicides a r e  given i n  Table 1. 
This energy i n p u t  i s  the product of the energy requirement for  manufacturing
times the appl ica t ion rate. The weed control programs i n  no- t i l l age  and 
conventional soybean production a r e  l i s t e d  i n  Table 2. The no- t i l l  programs
c o n s i s t  of preemergence appl ica t ions  w i t h  one program having addit ional  
directed-post  treatments. The conventional programs include preplant incor­
porated treatments w i t h  the f i r s t  program containing two c u l t i v a t i o n s  and 
the second having directed-post  t reatments.  The itemized energy i n p u t s
include the energy required f o r  herbicide production, incorporat ion,  c u l t i ­
vation,  and appl ica t ion o f  directed-post  t reatments.  The energy i n p u t s  f o r  
preplant  and preemergence appl ica t ion a r e  included w i t h  the  incorporation
and planting operat ions.  

When examining energy product iv i ty ,  a l l  i n p u t s  of production must be con­
sidered.  For conventional soybean production, the t o t a l  energy i n p u t  l e s s  
the energy required fo r  herbicide production, app l i ca t ion ,  incorporation
and c u l t i v a t i o n  equals a base energy i n p u t  of 15,164 MJ/ha. The base 
energy i n p u t  includes energy f o r  f e r t i l i z e r ,  fungicides, insec t i c ides ,  labor ,  
and machinery. T h i s  value must be added w i t h  the individual weed control 
i n p u t s  t o  g ive  an accurate es t imate  of the t o t a l  energy i n p u t .  

No- till  production systems require  less energy inputs of production. Fluck 
and Baird (1980) s t a t e  t h a t  fuel  reductions result i n  an average saving
of 1170 MJ/ha. Lower labor  requirements a l s o  r e s u l t  i n  a decrease i n  energy
consumption. Elimination of two f i e l d  operat ions migh t  reduce labor  i n p u t s
by one hour per hectare or labor  energy requirements by about 75 MJ/ha.
Lower energy requirements f o r  l e s s  machinery wil l  be i n  the  order of 100-
200 MJ/ha. Total energy reductions f o r  l imi ted  t i l l a g e  a s  compared t o  con­
ventional c u l t i v a t i o n  may be i n  the order of 1395 MJ/ha f o r  the base energy
input .  T h i s  reduction o f  energy consumption i n  no- t i l l  production r e s u l t s  
i n  a base energy i n p u t  of 13,769 MJ/ha as compared t o  15,164 MJ/ha f o r  con­
ventional production systems. 

The energy productivi ty (Table 3)  is ca lcula ted  by dividing the y i e l d  (kg/ha)
by the t o t a l  energy input  (MJ/ha). Fluck and Baird (1980) s t a t e  t h a t  energy
product iv i ty  is  intended t o  and can serve  a s  an evaluator  of how e f f i c i e n t l y  
energy i s  u t i l i z e d  i n  production systems yie ld ing a p a r t i c u l a r  product. This 
value i l l u s t r a t e s  the quant i ty  of soybeans produced per megajoule of i n p u t  
energy. 
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The f indings o f  t h i s  study s t rong ly  support the  advancement o f  herb ic ide 
weed con t ro l  programs i n  n o- t i l l a g e  soybeans over t h a t  o f  conventional 
t i l l a g e  prac t ices .  The higher energy p r o d u c t i v i t y  o f  weed con t ro l  i n  
n o - t i l l  soybeans i l l u s t r a t e s  the e f fec t iveness o f  n o - t i l l a g e  i n  combination 
w i t h  proper weed con t ro l  programs. 
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Table  1. ENERGY INPUT FOR SOYBEAN HERBICIDE PRODUCTION 

Energy 

Herb ic ide  
Rate 
lb/A 

Rate 
kg/ha 

Requirements 
MJ/kg 

Paraqua t  .25 .28 460 

T r i f l u r a l i n  .50 .56 150  

Alachlor 2.0 2.24 280 

Oryza l in  1 .0  1.12 150  

Met r ibuz in  .50 .56 410 

2,4-DB .25 .28 87 

1
Herbic ide  

Energy Inpu t
MJ/ha 

129 

84 

627 

168 

230 

24 

Produat  of energy requirement  times rate of a p p l i c a t i o n .  
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Table 2. 	 ENERGY INPUTS FOR WEED CONTROL PROGRAMS IN NO TILLAGE AND CONVENTIONAL 

SOYBEANS 


Cultivation (one) - 390 MJ/ha 
Application (one) - 73 MJ/ha 
Incorporation (2-disc) - 750 MJ/ha 

Weed Control Itemized Energy

Programs Inputs MJ/ha 


A. No Tillage 


Paraquat pre + 129 

Alachlor pre + 627 

Metribuzin pre 230 


Paraquat pre + 129 

Oryzalin pre + 168 

Metribuzin pre + 230 

Metribuzin DP + 230 

2,4-DB DP 24 

Application (DP) 73 


B. Conventional Tillage 


( 3 )  	Trifluralin ppi + 84 

Metribuzin ppi + 230 

Incorporation + 750 

Cultivations (2) 780 


(4) 	 Trifluralin ppi + 84 

Metribuzin ppi + 230 

Incorporation + 750 

Metribuzin DP + 230 

2,4-DB DP + 24 

Application (DP) 73 


Subtotal Energy

Inputs MJ/ha 


986 


854 


1844 


1391 
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Table 3.	 ENERGY PRODUCTIVITY OF WEED CONTROL PROGRAMS I N  NO-TILLAGE AND 
CONVENTIONAL SOYBEAN PRODUCTION. 

Weed Control 
Program 

(1) 	 Paraquat + 
Alachlor + 
Me tribuz i n  

(2) 	 Paraquat + 
Oryzalin + 
Metribuzin + 
Metribuzin + 
2 ,4-DB 

(3) 	 T r i f l u r a l i n  + 
Metribuzin + 
Cult ivat ions  (2) 

(4) 	 T r i f l u r a l i n  + 
Metribuzin + 
Metribuein + 
2 ,4-DB 

Yield Tota l  Energy1 Energy2 
kg/ha Input MJ/ha Productivi ty kg/MJ 

2345 14755 .1589 

2439 14623 .1668 

2063 17008 .1213 

2164 16555 .1307 

1Conventional T i l l age  - 15,164 MJ/ha + Weed Control Input. 

No Ti l lage  - 13,769 MJ/ha + Weed Control Input. 

2Energy Productivity = Yield kg/ha 
Total  Energy Inputs MJ/ha 

= Quantity of soybeans produced p e r  megajoule of input energy. 



ARE NO-TILL MULTICROPPING PRODUCTION METHODS 
PROFITABLE FOR FLORIDA FARMERS? 

DAN L .  GUNTER, NANCY MCCABE AND RAY GALLAHER 

Inc reas ing  cos t s  o f  a g r i c u l t u r a l  i npu t s ,  e s p e c i a l l y  energy and c r e d i t ,  a re  
f o r c i n g  farmers t o  eva lua te  t h e i r  conven t iona l  p roduc t i on  methods t o  determine 
i f  lower  cos t  p r a c t i c e s  can be i d e n t i f i e d .  N o - t i l l  and m u l t i c r o p p i n g  a re  two 
p r a c t i c e s  be ing g iven  i nc reas ing  cons ide ra t i on .  

B e n e f i t s  o f  these p r a c t i c e s  have been e x t o l l e d  i n  many o f  t h e  a g r i c u l t u r e
p u b l i c a t i o n s .  The b e n e f i t s  o f t e n  mentioned i nc l ude :  

1. b e t t e r  u t i l i z a t i o n  o f  land ,  
2. reduced f u e l  and l a b o r  costs ,  
3. spreading o f  f i x e d  cos t s  o f  machinery over  more annual hours o f  use, and 
4 .  poss ib l e  increased y i e l d s .  

New p l a n t i n g  equipment designed t o  operate i n  unplowed s tubb le  o r  mulch and 
improved he rb i c i des  t o  c o n t r o l  weeds and grasses reduce t h e  problems farmers 
have found t o  be assoc ia ted  w i t h  n o - t i l l  p roduc t i on  p r a c t i c e s .  

S c i e n t i s t s  work ing f o r  t he  I n s t i t u t e  o f  Food and A g r i c u l t u r a l  Sciences (IFAS) 
a t  t h e  U n i v e r s i t y  o f  F l o r i d a  have been conduc t ing  research  on n o - t i l l  and m u l t i -
c ropp ing  methods f o r  some o f  t h e  more impo r tan t  F l o r i d a  f i e l d  c rops .  

The purpose o f  t h i s  paper i s  t o  r e p o r t  an eva lua t i on  o f  t h e  p r o f i t a b i l i t y  o f  
produc ing co rn  and soybeans us ing  n o - t i l l ,  m u l t i c r o p p i n g  p r a c t i c e s .  A p r o f i t -
a b i l i t y  comparison i s  a l s o  made t o  convent ional  co rn  and soybean p roduc t ion .  

PROCEDURE 

We used data c o l l e c t e d  f rom I F A S  exper iments which were f i r s t  conducted d u r i n g
1973 a t  t h e  U n i v e r s i t y  farm near W i l l i s t o n .  Mu l t i c ropp ing  was used i n  bo th  t h e  
n o - t i l l  and c o n v e n t i o n a l l y  produced crops.  Rye was harvested as hay and/or
g r a i n  and f o l l owed  by e i t h e r  co rn  o r  soybeans p lan ted  w i t h  convent ional  o r  no-
t i l l  methods. 

Corn and soybeans were n o - t i l l  p l an ted  i n  a s i n g l e  ope ra t i on  us ing  a two row 
Brown-Harden Super Seeder w i t h  a s u b s o i l e r .  Convent iona l l y  p l an ted  corn and 
soybeans r e q u i r e d  harrowing, p lowing,  harrowing and then  p l a n t i n g .  

To compare t he  p r o f i t a b i l i t y  o f  these e n t e r p r i s e s  we developed budgets which 
a r e  a systemat ic  l i s t i n g  o f  income and expenses f o r  a p roduc t i on  pe r i od .  The 

~ 

Dan L.  Gunter i s  an Extens ion Produc t ion  Economist and Nancy McCabe i s  an 
undergraduate s tuden t ,  Food and Resource Economics Department, McCarty Hall, 
U n i v e r s i t y  o f  F l o r i d a ,  G a i n e s v i l l e ,  F l o r i d a  32611. Ray N. Ga l laher  i s  an 
Assoc ia te Professor  o f  Agronomy, Department o f  Agronomy, Agronomy Research 
Support Lab, Wallace B u i l d i n g ,  U n i v e r s i t y  o f  F l o r i d a ,  G a i n e s v i l l e ,  F l o r i d a  
32611. 
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budgets show income, variable costs, harvest costs, fixed costs and net returns. 
The budgeted costs are based on 1980 input price levels and the annual 
ownership and operation costs of the following set of machinery and equipment: 

Tractor, 55 hp 

Truck, 2 ton 

Grain Combine 

Sprayer 

Planter

Super Seeder 2 row 

MB Plow (4) 

Harrow 

Fertilizer Spreader 


Machinery and Equipment 

USED IN NO-TILL 
PRODUCTION 

X 
X 
X 
X 

X 

X 

USED IN CONV. 
PRODUCTION 

X 
X 
X 
X 
X 
X 
X 
X 
X 

ESTIMATED COSTS FOR SOYBEANS 

The budget for conventionally tilled soybeans is shown in Figure 1. Yield from 
the experiment was 20 bushels per acre, variable costs are $78.87 and harvest 
costs, which include labor and operating expenses associated with the 
machinery, are $7.81 per acre. The total variable costs which can be thought of 
as “out –of-pocket” expenses totaled $86.68. The fixed costs are $21.52 and 
include the normal “DIRTI” five expenses associated with ownership of 
machinery and equipment. he DIRTI five are: Depreciation, Interest, Repairs, T
Taxes, and Insurance. Total per acre costs are $108.20, which subtracted from 
grow receipts leaves a net return to land and management of $65.80 per acre. 

ESTIMATED COSTS FOR CORN 

Budgets for no-till and conventionally produced corn are shown in Figures 3 and 
4. The revenue and costs for alternative corn production methods are: 

NO-TILL CONVENTIONAL 
---------------- Dollars ----------------

Revenue 263.25 256.50 
Total Costs 156.77 166.04 
Returns to Land and 

Management 106.48 90.46 



C O N V E N T I O N A L  T I L L  SOYBEANS I N  R Y E  STUBBLE 70 
YELL D R A I N E D  A C I D I C  SANDY LOAM 
L E V Y  COUNTY. 1980 PRICES 

P R I C E  OR VALUE OR 
UNI  T CO S T / U N I  T Q U A N T I T Y  COST 

1. GROSS R E C E I P T S  FROM PRODUCTION -
B 29.00 

TAL 

V A R I A B L E  COSTS 
V E S T  

SOYBEAN SEED 0 0  13.00 
TOXAPHENE . 
PARAQUAT P 25 
L A S S O  L B S .  2.00 9.00 
LEXONE 
BASAGRAN 
ORTHO X 77  

Q 
PT 

7. 75 2.25 

I NNOC BU. 
MACHlNERY ACRE 1.00 
- .... - -. -- 4CRE I 1.00 5.11 

HOUR 50 79 
I N T E R E S T  ON . 32 

COSTS 
MAC NERY ACRE 5.47 5.47 

MACHINERY)  HOUR 50 
T 

T O T A L  V A R I A B L E  COST 

INCOME V A R I A B L E  COSTS 

F I X E D  
ACRE 21 1.00 

TRAC S ACRE 4.31 .OO 
TOTAL  COSTS 

COSTS 108.20 

RETURNS 

N-HARDEN SUPER SEEDER 

NANCY MCCABE I R A Y  

I D E N T I F I C A T I O N  NUMBER---
ANNUAL MONTH 11 

FARM SYSTEMS L A B  - RESOURCE OF F L O R I D A  
PROGRAM DEVELOPED B Y  OF S T A T E  U N I V E R S I T Y  

30 1980 

F i g u r e  1. 



N O- T I L L  R Y E  S T U B B L E  71 

D R A I N E D  A C I D I C  SANDY L O A M  

COUNTY, PRICES 


GROSS R E C E I P T S  

A L  

V A R I A B L E  C O S T S  
PREHARV E S T  

SOYBEAN SEED 
TOxA P NE 
PAR
L A S S  

BASAGRAN 
7 7  

INNOCUL ANT 
FURADAN 
MAC H I  NER Y 
TRACTORS 

P R I C E  OR OR 
U N I T  IT Q U A N T I T Y  COST 

PRODUCTION 
BU. 

s*# 

1.00 13.00 
4-00 . 

8.75 

2.50 
2.00 

7. 7 5  
PT. 

7 0  I. 00 

ACRE 2.01 1.00 1 
A C R E  66 1.00 

I---+% 

TRACTOR M A C H I N E R Y )
I N T E R E S T  ON 

HOUR . 14 
0 986 

1
SUBTOTAL 

YARVEST COSTS -
MACHINERY ACRE 5.47 1.00 5.47 

SUBTOTAL.  HARVEST 
HOUR 50 67 

T O T A L  COST 

ABOVE V A R I A B L E  C O S T S  

XED C O S T S  
M A C H I N E R Y  ACRE 1.00 
TRACTORS ACRE 25 0 0  

F I X E D  C O S T S  J--T&H 
59 T O T A L  C O S T S  

N E T  RETURNS S 127.45 


BR - R DEN SUPER SEEDER 

COBB SOYBEANS. SUBS0 W I T H  FURADAN 

NANCY MCCABE - RAY 

BUDGET I O N  124438040 
ANNUAL T A L  MONTH 1 

PROCESSED BY FARM SYSTEMS L A B  - FOOD 6 RESOURCE OF 
PROGRAM DEVELOPEO BY OF * S T A T E  U N I V E R S I T Y  

DATE P R I N T E D :  30 A P R I L  1980 

Figure 2 .  



N O- T I L L  CORN G R A I N  I N  R Y E  HAY 72
WELL D R A I N E D  A C I D I C  SANDY L O A M  
LEVY 1980 P R I C E S  

P R I C E  OR VALUE OR 
U N I T  T OUANT I T Y  COST 

GROSS R E C E I P T S  PROOUCTION 
CORN 

T O T A L  t*% 

S - & H 3  

V A R I A B L E  COSTS 
PREHARVEST 

CORN SEED . 0.85 19-00 
NLPEK 00 00 
NI N 

AT R I L B S  
72 20.00 

2.00 
P T  5.30 7.95 

X P 1.75 
1.00 

NERY ACRE 1.00 
TRACTORS ACRE 36 1.00 

TRACTOR 
I N T E R E S T  ON CAP. 

SUBTOTAL 

HARVEST COSTS 
Y A C H I  NERY ACRE 

b U A C H I N E R Y I  HOUR 3.50 
SUBTOTAL. HARVEST 

T O T A L  V A R I A B L E  COST 

INCOME ABOVE C O S T S  

C O S T S  
WAC H INER ACRE 

,+*a3 TRACTORS 
T J T A L  F I X E D  C O S T S  

T O T A L  C O S T S  

N E T  

FUNKS 5- 10-5 

NANCY - RAY 

I O E N T I F I C A T  I O N  NUMBER--- 104438040 10118 
ANNUAL C A P I T A L  UONTH 7 

PROCESSED FARM SYSTEMS L A B  - FOOD E RESOURCE OF F L O R I D A  
DEVELOPED OF S T A T E  

DATE P R I N T E D :  30 1980 

Figure 3 .  
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CONVENTIONAL  T I L L  CORN I N  R Y E  HAY S T U B B L E  

YELL LOAM 


COUNTY. PRICES 


P R I C E  Of? VALUE OR 
QUANTITY  COST 

R E C E I P T S  FROM P R O D U C T I O N  
CORN U. 114000 

T S*% 

COSTS 

0.85 19.00 15 

TROCEN 0 

00 60 00 
120.00 

00 7 2  20.00 

T 
x 77 

L B S .  . 
P I. 7 5  

2.00 

66 
7 

1.00 
ACRE 
ACRE 1.00 

MACHINERY)
ON 

A L  

1.88 
99 

ACRE I 
LABORETRACTOR M A C H I N E R Y )

HARVE
HOUR 85 

T O T A L  V A R I A B L E  COST 

k 2 j % & E R Y  
4.-

S* 

30 ABOVE V A R I A B L E  C O S T 5  

COSTS 
MACHINERY 	 ACRE 18.19 1.00 19 

A C R E  90 
*--2&%8 

COSTS 

CORN. 5- 10-5 
- RAY 

I O N  NUMBER--- 104438040 101
7 


B Y  F A R M  SYSTEMS L A B  - RESOURCE OF F L O R I D A  
OF S T A T E  U N I V E R S I T Y  

30 1980 

Figure 4. 
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Yields observed were three  bushels per acre  higher in the n o- t i l l  f i e l d  
the machinery operating cos ts  were lower accountinq f o r  t h e  $76.02 di f ference  
in net  revenue. 

FUEL AND LABOR COSTS COMPARISONS 

With increased i n t e r e s t  in  energy conservation, producers can compare fuel use 
f o r  the a l t e r n a t i v e  production methods. Figure 5 shows the gallons per acre of 
gasoline and diese l  f u e l .  The n o- t i l l  prac t ices  require  almost three gallons 
l e s s  fuel  t h a n  the conventional pract ices .  This t r a n s l a t e s  i n t o  more than a $3 
per acre  cos t  savings a t  1980 fuel  price l eve l s .  However, fuel  sav ings  
may not provide enough incentive f o r  farmers t o  adopt a new s e t  of cu l tu ra l  
pract ices .  

In addit ion t o  the fuel  savings,  labor and machinery requirements a r e  reduced 
w i t h  n o- t i l l  prac t ices .  Figure 6 shows a l a b o r  savinas o f  almost 0.8 of an 
hour/acre f o r  bo th  corn and soybeans produced using n o- t i l l  production methods. 
Likewise, machinery hours required are  lower using n o - t i l l .  For example, the  
variable cos ts  per acre  for the  t r a c t o r  i s  $5.11 f o r  conventionally planted
soybeans and $2.66 f o r  n o- t i l l  (Figure 7 ) .  The variable cos t s  f o r  the  t r a c t o r  
for n o- t i l l  corn production i s  $3.36 per acre  as compared w i t h  $5.81 i f  produced 
conventional 1y . 

PROFITABILITY OF MULTICROPPING 

Other f ixed o r  var iable  cost comparisons can be made, b u t  the  real t e s t  i s  
whether or n o t  net returns a re  higher? I f  we compare net  r e tu rns  per acre where 
corn a n d  soybeans a re  multicropped with hay, yieldinq b o t h  rye grain and hay,
the t o t a l  net re turns  a re  a s  follows: 

NO-TILL CONV.  TILL NO-TILL CONV.  TILL 
CORN CORN SOYBEANS SOYBEANS 

Single crop 06.48 $ 90.46 $127.45 $65.80 
Rye grain and hay 14.29 14.29 14.29 14.29 
Tot a  1 returns/acre 

CONCLUSIONS 

The r e s u l t s  of the  experiments and budget analys is  show t h a t  n o- t i l l  and multi-
cropping a re  more p rof i t ab le  than conventional cu l tu ra l  pract ices  t o  produce
the same crops. Differences i n  p r o f i t s  a re  due t o  reduced cos t s  and  higher
y ie lds  using n o- t i l l  production. 

These r e s u l t s  stem from one y e a r ' s  experiment. Further experimental work needs 
t o  be undertaken t o  evaluate the  ef fec t iveness  of n o- t i l l  prac t ices  under farm 
condit ions.  Farmers considering n o- t i l l  prac t ices  should do some careful  
f e a s i b i l i t y  analyses before they t rade  t h e i r  mold board plow and disk f o r  one-
pass planting equipment. 



75 


Gallons 


10 

-
- 1.20: 5.27 3.91 
3.37 

lGas 
5 IDiesel 

U conv. no- conv. 

till till till till 


CORN SOYBEANS 


Figure 5. Fuel Used Per Acre. 
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-

-

2.0 

1.0 

5.81 
-
2.61 

-

1.75 

conv. conv conv. no- conv 

till till till till till 1 till till 


CORN SOYBEANS CORN SOYBEANS 


Figure 6. Labor Requirements For Figure 7. Variable Costs o f  
Conventional and Tractor Per Acre. 
Till Corn and Soybeans. 



ALTERNATIVE TILLAGE I N  JEFFERSON COUNTY, FLORIDA 

Larry A. Halsey and Phi l  Worley 

Pine Seedling - No T i 1  S i t e  Preparat ion Demonstration 

A s i g n i f i c a n t  por t ion  of t h e  p ine  timber and pulpwood indust ry  i n  North 
Florida i s  on farm land. P r iva te  landowners receive  technical  assist­
ance from t h e  Florida Department of  Agriculture,  Division of Forestry,  
as well as t h e  County Cooperative Extension Service. 

I t  i s  estimated t h a t  i n  Jef ferson County 20% of t h e  acreage planted  i n  
r e l a t i v e l y  small blocks by p r i v a t e  landowners i s  on abandoned sod o r  
pasture.  Various methods o f  conventional s i te  prepara t ions  a r e  employed, 
including plowing and disc ing,  r o t o- t i l l i n g ,  o r  bedding. A l l  c o n s t i t u t e  
a s i g n i f i c a n t  por t ion  of  t h e  t o t a l  cos t  of  p lant ing pines.  Seedlings 
occasionally a r e  planted i n  sods with no mechanical preparat ion.  Pines 
planted d i r e c t l y  i n  sod o r  i n  poorly prepared s i t e s  must compete with 
extensive grass  roo t  systems fo r  moisture and n u t r i e n t s  during estab­
lishment and e a r l y  growth years. 

The Fores ter  and t h e  County Extension Director  i n i t i a t e d  a demonstration 
“no-t i l l"  p ine  seedl ing block t o  determine i f  chemical s i t e  preparat ion 
would e l iminate  a number of t h e  production problems associa ted  with 
conventional methods. 

Together with Kent Frost ,  Product Development S p e c i a l i s t  of Monsanto, 
and landowner Ferd Naughton, a 1.25 a c r e  s i t e  was s e l e c t e d  f o r  t h e  
demonstration. The s i t e  was an abandoned Pensacola Bahiagrass pasture.  
Roundup (glysophate) herbic ide  was appl ied  a t  3 pounds a c t i v e  ingre­
d ien t  per  a c r e  (broadcast bas i s )  over 4 foot  s t r i p s  on 1 2  foo t  middles 
on October 22, 1979. Seedlings were t ransplanted i n  t h e  herbic ide  
t r e a t e d  s t r i p s  on 12’ x 5’ spacings on January 29, 1980. Spring re-
growth o f  t h e  sod was uniform i n  t h e  untreated middles between t r e a t e d  
s t r i p s .  Perennial  grass  control  under t h e  treatment approached 1oo%, 
with v i r t u a l l y  no regrowth. Germination of  spr ing annual weeds i n  t h e  
s t r i p  was observed. A s  of the  middle of Apri l ,  following t h e  January 
planting,  a preliminary est imate o f  seedling survival  was 97%. 

The s i t e  was es tabl ished on small acreage f o r  observation only. On t h e  
b a s i s  of  t h e  apparent ef fec t iveness  of  t h i s  chemical s i t e  preparat ion 
methods, a follow-up t r i a l  on 8-10 ac res  is an t i c ipa ted  i n  f a l l  and 
winter of 1980-81. Side-by-side p lant ings  under conventional s i t e  
preparat ion and Roundup treatment w i l l  be  conducted. The following 
data  w i l l  be compiled i n  t h e  experiment: 1) Comparative f u e l  consump­
t i o n s  of t h e  various techniques; and equipment, mater ia l ,  labor, and 
o the r  c o s t s  f o r  accura te  budget comparisons. 2) Penitrometer comparisons 

Larry Halsey i s  County Extension Director ,  Je f fe r son  County, Cooperative 
Extension Service, IFAS, University of  Florida. Phi l  Worley is County 
Fores ter ,  Jefferson County, Division of  Forestry, Flor ida  Department of 
Agriculture and Consumer Services. 
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of t h e  various s i te  prepara t ions  methods, a s  an index of t h e  ease of 
ent ry  of  t h e  c o u l t e r  of  t h e  seedling p lan te r  un i t .  3) Growth character­
istics a t  var ious  i n t e r v a l s  following plant ing,  a s  well a s  survival  and 
mor ta l i ty  counts. 4)  Observations of  root  systems of  sample seedlings 
under each of t h e  var ious  prepara t ion methods. 

Assumed advantages of  t h e  "no-til" o r  chemically prepared s i t e  include 
reduction o f  cos t  of  s i t e  preparat ion,  b e t t e r  su rv iva l  and e a r l y  growth 
due t o  reduced competition f o r  n u t r i e n t s  and moisture, and reduced ero­
s ion and po l lu t ion  from runoff  due t o  t h e  mulch cover. I t  should be 
noted t h a t  t h e  Roundup l abe l  f o r  use does not include t h i s  s p e c i f i c  
appl ica t ion.  The t r i a l  i s  being conducted i n  cooperation with Monsanto 
Company represen ta t ives  f o r  experimental use only. 

Minimum T i l l a g e  i n  Row Crops 

During 1978, 135,163 acres of  cropland on 2,135 farms i n  t h e  United 

S t a t e s  were a s s i s t e d  through cos t  share  p r a c t i c e s  involving conservation 

t i l l a g e  systems (SL9) under t h e  Agr icul tura l  S t a b i l i z a t i o n  and Conser­

vat ion Service (USDA-ASCS). In Flor ida ,  1978 acreage t o t a l e d  535 acres  

on t h r e e  farms. I n  1979, 37 farms received cost- share a s s i s t a n c e  under 

Agricultural Conservation Program (ACP) t o t a l l i n g  2,182 acres  t o  demon­

strate minimum o r  reduced t i l l a g e  systems i n  farming. Jef ferson County 

growers are receiving cost- share on 5 farms with over 320 ac res  i n  1980, 

f o r  minimum t i l l a g e  demonstrations, with t o t a l  acreage i n  non-conventional 

plan t ing  o r  t i l l a g e  a t  3-4,000 acres, ,  


Je f fe r son  County i s  located  along the  Florida-Georgia border. Farm land 

is gent ly  sloping t o  h i l l y ,  with predominate s o i l  type of  U l t i s o l s ,  with 

sandy t o  loamy sand t e x t u r e s  of 6.5-8% c l a y  f r a c t i o n  and 2-4% organic 

matter. Corn, soybeans, peanuts, tobacco and small gra ins  f o r  seed and 

forage are t h e  main agronomic crops. Up t o  25,000 ac res  o f  small gra ins  

o r  small gra ins  with c lover  a r e  planted annually f o r  winter and spr ing 

grazing. Corn and soybean crops o f t en  a r e  planted behind winter  annual 

pastures .  Corn under b e t t e r  than average high y i e l d  management y ie lds  

80-85 bu/A; soybean y i e l d s  of 30-33 bu/A a r e  normal. Both crops are 

planted under minimum t i l l a g e ;  however, a y i e l d  h i s t o r y  using reduced 

t i l l a g e  i s  unavailable.  


Various a l t e r n a t i v e  p lan t ing  and t i l l a g e  systems a r e  c u r r e n t l y  being 

employed, from s t r i c t  "no-til" p lan t ing  i n  r y e  o r  o a t s  i n  an absolute  

"once over" opera t ion t o  d i sc ing  once o r  twice p r i o r  t o  p lant ing with 

no- t i1  equipment. Reduction o f  erosion, reduction o f  time spent i n  

plant ing,  reduction i n  f u e l  consumption and increased moisture a v a i l -

a b i l i t y  during droughty periods around corn tassle and s i l k i n g  s t a g e  

are most of ten  referenced by farmers using reduced t i l l a g e  methods a s  

j u s t i f i c a t i o n  f o r  employing t h e  systems. Farmers a r e  a s s i s t e d  i n  a l ­ 

ternative t i l l a g e  techniques by t h e  ASCS, t h e  So i l  Conservation Service,  

and equipment and chemical suppl iers .  




MINIMUM TILLAGE DEMONSTRATION PROJECT 

AGRICULTURAL CONSERVATION PROGRAM (ACP) 


BY 


Betty P. Jones, County Executive Director, Alachua County ASCS Office 


ACP Program Objectives 


The Agricultural Conservation Program (ACP) provides cost-sharing 

as an incentive to encourage farmers and ranchers to carry out conser­

vation measures that: 


1. 	 control erosion and sedimentation from agricultural 

land and conserve the water resources on such land; 


2 .  control pollution from animal wastes; 

3. conserve wildlife habitat; 


4. 	 facilitate sound resource management systems through 

soil and water conservation; 


5. 	 contribute to the national objectives of assuring a 
continuous supply of food and fiber necessary for the 
maintenance of a strong and healthy people and 
economy; and 

6 .  	 assures performance of the type conservation measures 
needed to improve water quality in rural America. 

ACP is a joint effort by agricultural producers and Government 
to restore and preserve the environment and basic land resources. 
Cost-share assistance is available under annual o r  long-term 
agreements. 

Program Administration 


The ACP is administered by Agricultural Stabilization and Conser­
vation (ASC) State, county and community committees, working under the 
general direction of the Agricultural Stabilization and Conservation 
Service (ASCS) of the U.S. Department of Agriculture. County and 
community committee members are elected by farmers within the local 
county. Funds for cost-sharing are appropriated annually by the Congress
In recent years, the appropriation has been about $190,000,000. 

The ASCS county committee in the local county approves cost-sharing 
on the basis of requests filed by individual producers. After receiving 
the official practice approval, performance is done according to speci­
fications developed for the specific practice. All expenses incurred 
during performance are paid by the farmer. Later, after the practice 
has been certified as being performed according to practice specifi­
cations, the farmer is reimbursed on an average of from SO to 75 
percent o f  the out-of-pocket cost of  performing the practice. 
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Technical Assistance for Farmers 

Farmers are provided necessary technical assistance to perform 
engineering type practices by the Soil Conservation Service (SCS). Forestry 
practices are performed under the supervision of the Florida division of Forestry 
personnel located in the county where the participating farm is located. 

Demonstration Project Concept 

Demonstration type special projects are authorized under the ACP. The 
purpose of such projects is to help achieve enduring soil and water conservation 
and environmental benefits through the use of innovative, up-to-date methods for 
treating conservation problems. Cost-share assistance is provided under 
approved projects as an incentive to encourage farmer participation. 

Alachua County Demonstration Project 

Based on past experience, farmers generally consider minimum tillage 
farming ineffective and conducive to crop failure. With the availability of existing 
herbicides, insecticides, and pesticides, and improved planting equipment, the 
Alachua County ASC Committee recognized the potential and the advantages of 
conservation tillage farming. The Committee, working closely with the Alachua 
County ACP Development Group, recommended the special project to the 
Florida State ASC Committee for approval and funding.  The project was 
designed to demonstrate on a community-wide basis the techniques to be 
followed when using a minimum tillage operation to grow corn and soybeans. 

Cost-share assistance was provided under the project for farmers to utilize 
ACP practice SL9 – Conservation Tillage Systems. (See Exhibit 1 for practice 
specifications.) A 70 percent cost-share rate was approved which reimbursed 
the participating farmer for most of the out-of-pocket expense incurred above 
those expenses normally associated with “standard” row-cropping methods. 

In order for farmers to become familiar with and to utilize the most recent 
developments in multi-cropping minimum tillage and no-tillage, a farm visit was 
made to each participating farm to inspect the fields and to develop a plan of 
operation. The plans were developed in consultation with Dr. Raymond Gallaher, 
Associate Professor of Agronomy, Institute of Food and Agricultural Services, 
University of Florida; the Cooperative Extension Agent; and the SCS District 
Conservationist, and included specific recommendations for farmers to follow in 
planting and providing necessary weed control (see Exhibit 2). A follow-up 
inspection was made by ASCS to check compliance. 

Farm tours were held in connection with the project to demonstrate 
planting techniques, and to evaluate plant growth and weed control during the 
growing season. 
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Farmer Participation 


A total of 20 farmers participated in the demonstration project. 
These producers grew 940 acres of corn and grain sorghum and 412 acres 
of soybeans. Yields were comparable to those for crops grown using
the "standard" row-cropping system. 

Summary 


Participating farmers were generally successful in carrying out 
their first-year minimum tillage operation. Yields were satisfactory.
Most farmers reported a reduction in fuel cost. However, several 
farmers indicated that fuel savings were offset by the increased 
expense incurred for weed control. Overall, most participating 
farmers believe crops can be grown with less expense using multi-
cropping minimum o r  no-tillage systems than with the "standard" 
row-cropping system. 

Additional experience is needed, however, for producers to realize 
the maximum benefits. They believe that the system should be tested 
over a period of years -- i.e. three to five years - - in order for 
them to assess benefits. Some farmers are concerned about the impact 
that a wet growing season o r  an unusual dry growing season would have 
on yields. Most participants believe that weed control would be a 
serious problem during wet years. 

The SL9 - Conservation Tillage System ACP practice specifications 
have been changed to permit farmers to receive cost-sharing for three 
consecutive years. This change will permit farmers to do demonstration 
planting to help them further evaluate minimum tillage operations, to 
gain the necessary experience, and to develop techniques that will be 
most effective under the system. 

Acknowledgments: 	 The author and the Alachua County ASC Committee 

wish to express their appreciation to Dr. Raymond 

N. Gallaher, Coordinator, Agronomy Research Support 
Laboratory, University of Florida; Mr. A. T. Andrews, 
Alachua County Agent; and Norman Porter, SCS 
District Conservationist for their technical assis­
tance; and to those participating farmers who were 
willing to expend their resources at considerable 
risk to demonstrate conservation tillage systems 
during the 1979 crop year. We learn by doing.
Thank you f o r  sharing your experience with 
Alachua County farmers. 
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EXHIBIT 1 


SL9 CONSERVATION TILLAGE SYSTEMS 

A 	 Purpose. To demonstrate a method of installing tillage 
systems and residue management systems o f  farming that 
will : 

1 	 Protect soil from wind and water erosion and improve 

soil permeability. 


2 	 Prevent o r  reduce pollution from sediment and chemically 
contaminated runoff from agricultural non-point sources. 

B 	 Applicability. To cropland needing erosion or sediment 
control while being devoted to the production o f  intertilled 
o r  small grain crops. 

Policies. 


1 	 Cost-sharing is not authorized where the farmer has 

already adopted a satisfactory conservation tillage 

system of farming. 


2 	 Cost-sharing for this practice may be approved for no 
more than 3 years with the same person. 

3 	 The land involved must be protected by crop residue, 
temporary cover, o r  other permitted management methods 
from harvest until the next planting. 

4 Eligible tillage operations may consist of: 

a Chisel plowing with other limited operations, or 


b Plow-plant, or  

c Light tillage without plowing, o r  

d 	 Approved slot o r  strip tillage operations ahead 
of planting, or 

e Planting on chemically killed sods, or 

f Other similar methods. 


5 	 All tillage operations must he performed as nearly as 
practicable on the contour o r  parallel to terraces, 
except where the committee determines that this is not 
necessary. 

C 
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6	 Chemicals used in performing this practice must be 
Federally, State and locally registered and must be 
applied strictly in accordance with authorized uses, 
directions on the label, and other Federal or State 
policies and requirements. 

7 	 Cost-sharing is not authorized for designated set-
aside acreage. 

8 	 Cost-sharing is not authorized for acreages where 
the crop is cultivated unless prior approval of the 
method of cultivation is approved in advance by the 
county committee. 

D Specifications. 


1 	 Performance of this practice shall be carried out 

according to the plan developed in consultation 

with the Cooperative Extension Agent, a represen­

tative of the Institute of Food and Agricultural 

Sciences, Department of Agronomy, University of 

Florida, and the SCS District Conservationist. 


2 	 Cost-sharing is authorized on a per-acre basis for 

the following: 


a 	 Planter and related equipment. (Excludes 

tractor). 


b 	 Planting operation. (Includes tractor and 

labor). 


c Applying herbicide. (Includes material). 


d Insecticide material only. 


e 	 Applying post directed application of 

herbicide. (Includes material). 


3 	 Performance shall be verified by a representative 
of the county committee before approval of cost-
share payment. 

E Maximum Cost-share Rates. 

1 Regular Rates


a $ 3.50 per acre �or planter and related equipment. 
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b $ 4.20 per acre f o r  planting. 

c $12.25 per acre to apply herbicide. 

d $ 8.40 per acre fo r  the insecticide. 

e 	 $ 7.70 per acre to apply post directed 
application of herbicide. 

Rates f o r  Low-income Farmers 

a 	 $ 4.00 per acre fo r  planter and related 
equipment. 

b $ 4.80 per acre f o r  planting. 

c $14.00 per acre to apply herbicide. 


d $ 9.60 per acre for the insecticide. 

e 	 $ 8.80 per acre to apply post directed 
application of herbicide. 

2 



EXHIBIT 2 


CONSERVATION TILLAGE SYSTEMS 


NAME FSN 


Performance of practice SL9 must be carried out according to a plan 
developed by ASCS in consultation with the Extension Agent; Department 
of Agronomy, University o f  Florida; and the SCS District Conservationist. 
The following recommendations are to be used as a guide, If for any 
reason they cannot be followed, contact the County Executive Director 

for other recommendations. 


r-1 

Crop: 

Acreage: Photograph Number: 

Irrigated: 

Non-irrigated: 

Succeeding Crop or Land Use: 

Contour Planting: A 
Conventional Planting: 

Apply Herbicide: 

Suggested Material: -

Apply Insecticide: --

Suggested Material: -

Apply Postemergency Herbicides : ] 
Suggested Material: -

- Identify material that should be used for the crop to be planted.
Attach any pamphlet, written guidelines, etc., applicable to the 
use of the material to the farmer's copy of the plan before delivery 
t o  the farmer. 
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EXHIBIT 2 

Equipment to be Used: -

Land Preparation Authorized: 


General Comments and Additional Guidelines: 




ESTABLISHMENT OF LEGUMES I N  BAHIAGRASS SOD 

R . s .  KALMBACHER* 

Bahiagrass (Paspalum notatum) i s  widely grown from Texas through the  
Carolinas, and i n  Florida i s  a major pas tu re  g rass .  It i s  a tough 
competitor which forms an extremely dense sod crowded with stubby 
s to lons .  Bahiagrass i s  popular because it resists encroachment from weeds, 
has f e w  d isease  and i n s e c t  problems, withstands c lose  grazing, e s tab l i shes  
from seed, and does not  r equ i re  high s o i l  f e r t i l i t y .  However, grazing 
s tud ies  i n d i c a t e  that bahiagrass i s  lower i n  n u t r i t i o n a l  value when com­
pared with bermudagrass o r  d ig i tg rass .  By midsummer p ro te in  and d i g e s t i ­
b i l i t y  are low, suggesting t h a t  animal i n t a k e  and performance are 
adversely a f fec ted .  I n  addi t ion  bahiagrass i s  a warm season species 
t h a t  produces 85% o f  i t s  annual d r y  matter from May t o  October. I n  s p i t e  
of t h e  valuable a t t r i b u t e s  of bahiagrass i t s  forage q u a l i t y  i s  low, and 
i t  produces l i t t l e  winter forage. 

An i d e a l  method of overcoming these de f ic ienc ies  is t o  manage bahiagrass 
with legumes t h a t  provide needed q u a l i t y  and biological  ni trogen.  A t  
p resent  t h e r e  a r e  no comnercially ava i l ab le  perennial  legumes adapted t o  
south Flor ida ,  but  ranchers can use a combination o f  winter  and summer 
annual species .  F lo r ida ' s  summer annual legumes are jo in tvetch  o r  aeschy­
nomene (Aeschynomene americana), ha i ry  indigo (Indigofera h i r s u t a ) ,  and 
a lyce  c lover  (Alysicarpus vag ina l i s ) ,  and t h e  winter species (which a c t  
a s  annuals i n  south Flor ida)  a r e  a l f a l f a  (Medicago s a t i v a ) ,  red c lover  
(Trifolium pra tense  ) and white c lover  ( T. repens). 

Since natural reseeding is  no t  always r e l i a b l e  with summer annuals o r  
impossible with most winter annuals (except Dutch c lover ) ,  reseeding i s  a 
frequent p rac t i ce .  Establishment by conventional t i l l a g e ,  which involves 
chopping o r  disking,  i s  expensive and energy in tens ive .  An a l t e r n a t i v e  i s  
sod-seeding, which Kentucky workers have shown t o  u s e  only 20% of the  
energy input  of conventional (prepared seedbed) t i l l a g e .  However, wide-
spread use of  sod-seeding i n  Flor ida  has been l imited by a low probab i l i ty  
of success i n  establishment. A t  t h e  University of F l o r i d a ' s  Ona Agri­
c u l t u r a l  Research Center i n  south Flor ida  considerable research e f f o r t  
has been devoted t o  sod-seeding i n  t h e  p a s t  4 years. W e  have iden t i f i ed  
severa l  reasons why legume stands often f a i l  even when water and f e r t i l i t y  
a r e  adequate. 

Forage legumes a r e  slow t o  es tab l i sh ,  and it i s  extremely important t o  
con t ro l  bahiagrass competition. A g rass  competes with a developing legume 
seedling f o r  l i g h t ,  water, and n u t r i e n t s :  i n  t h i s  order of importance. 
Although l i t t l e  i s  known about the  competitive e f f e c t s  f o r  water and 
n u t r i e n t s ,  we have found t h a t  having s u f f i c i e n t  l i g h t  ava i l ab le  t o  legume 

*	 R. S. Kalmbacher is Assistant Professor of Agronomy, Ona Agricultural 
Research Center, Ona, Flor ida  33865. 
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seedlings when they emerge i s  q u i t e  important. Twenty f i v e  percent shade 
did  not  i n h i b i t  aeschynomene seedling growth, and seedling weight was 
equal t o  t h a t  of plants grown i n  f u l l  sun l igh t ,  but  when 90% of the  
l i g h t  was shaded from aeschynomene seedlings,  t h e r e  w a s :  a 94% reduction 
i n  seedling weight; a 45% reduction i n  weight from seedlings grown 
under 73% l i g h t  reduction;  and a 19% reduction i n  seedling weight was 
found when p lan t s  were grown under 55% l i g h t  reduction.  

There a r e  two forms of  competition from bahiagrass:  1) competition 
from previous grass  growth present  a t  t h e  time of seedling emergence; 
and 2) competition resu l t ing  from new grass growth during seedling 
development. Sod management f o r  these  forms of competition i s  d i f f e r e n t  
f o r  winter and summer annual legumes. 

Controll ing competition before  seeding. 

Removal of sod cover can be accomplished i n  severa l  ways, and the  choice 
may be d ic ta ted  by economics. Some alternatives a r e  disking,  mowing, 
grazing, and f i r e .  

When bahiagrass sod was heavi ly  disked and seeded i n  e a r l y  December t o  
red o r  white c lover  a s  compared t o  d r i l l i n g  seed d i r e c t l y  i n t o  a th ick ,  
untreated sod, t h e  average dry  matter  y ie ld  of t h e  legumes a f t e r  2 years 
was 27% lower i n  t h e  d r i l l e d  p lo t s  as compared t o  d i s k  and broadcast seeded 
p l o t s  (Table 1). The number of legume seedl ings  w a s  52% higher i n  the  d i s k  
and broadcast p l o t s .  In another study aeschynomene y ie lds  were a l s o  much 
g r e a t e r  where bahiagrass was heavi ly  disked a s  compared t o  d r i l l i n g  i n  
untreated g rass  (1300 vs 600 kg/ha). The reason f o r  t h e  d i f fe rence  was 
t h e  removal of t h e  bahiagrass canopy by disking.  Since most sod-seeding 
d r i l l s  simply cut  a s l o t  i n  the sod and deposi t  t h e  seed with a minimum 
of disturbance,  they do not  remove the  grass  canopy. I f  a d r i l l  i s  used 
o r  i f  the re  i s  too much cover to allow f o r  a good disking,  then some other 
sod canopy el imination p rac t i ces  must  be used. 

Table 1. 	 Comparison of method of seeding on dry  matter yield of red and 
white c lover  i n  bahiagrass sod. Ona ARC. 1977-78. 

1978 5500 6030- -
Average 4500 6130 

Harvesting excess forage as hay i s  b e s t ,  a s  t h i s  j u s t i f i e s  cos t  of mowing 
and el iminates t h e  cover. Mowing s e e m s  t o  de fea t  t h e  purpose of sod-seeding 
a s  i t  requires  more t i m e  and energy, and t h e  thatch  can r e s u l t  i n  as much 
competition a s  uncut grass .  
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Grazing is a n  exce l l en t  a l t e r n a t i v e ,  and research has shown t h a t  y ie lds  
of red and white clover seeded i n  bahiagrass that had been grazed t o  
a 5 c m  (2 inch) s tubb le  were equal t o  the  y ie ld  of legumes seeded i n  
a bahiagrass sod which had been burned. Burning has most o f t en  resul ted  
i n  the  bes t  legume stands i n  our research.  Grazing i s  probably a more 
useful  t o o l  f o r  removing sod cover before seeding winter  legumes because 
a f t e r  weaning ca lves  i n  t h e  f a l l ,  cows can be concentrated on bahiagrass 
u n t i l  t h e  canopy i s  removed. In  June when summer annuals are seeded, 
t h e  n u t r i t i o n a l  requirement of cows with calves i s  probably too high t o  
al low the kind of prolonged bahiagrass grazing which promotes good summer 
annual legume growth. When compared with burning p r i o r  t o  seeding, grazing 
as a method of canopy el imination resul ted  i n  aeschynomene stands and 
y ie lds  t h a t  were comparable. Grazing o r  disking,  followed by broadcasting 
seed resul ted  i n  1500 and 1300 kg/ha, respect ively ,  vs 600 kg/ha fo r  
untreated bahiagrass.  

F i r e  i s  an excel lent  way t o  prepare bahiagrass f o r  i n t e r  seeding of 
legumes. Often a dense bahiagrass canopy can be burned a f t e r  a f r o s t  i n  
December, but  sometimes chemical des icca t ion  i s  necessary. The herbi ­
c i d e  Paraquat(R)  has been applied a t  0.56 kg/ha (0.5 lb/A) t o  k i l l  and 
d r y  out  the  canopy i n  order t o  al low burning. The r e s u l t  was excel lent  
s tands of both winter  and summer annual legumes (Table 2 ) .  

T a b l e  2. 	D r y  matter y ie ld  of winter or  summer legumes seeded with a 
Zip(R) sod seeder i n  bahiagrass t rea ted  with various herbicides.  
Ona ARC. 1977-78. 

Canopy control 
Before After Herbicide 

Legume y ie ld  

seeding seeding treatment Winter annual+ Summer annual+ 

yes no Paraquat (R) + b u m  6640' 2970 

no yes Dowpon (R) M 3840 2810 

no no no herbic ide  1310 260 --
__


Red and white c lover .  

Aeschynomene, ha i ry  indigo,  a lyce  clover.' Divide kg/ha by 1 . 1 2 1  t o  g e t  Ib/A. 

Burning 12 t o  14 cm t a l l  (4 .7  t o  5 .5  inch) bahiagrass resul ted  i n  temperatures 
t h a t  reached 83 C (182 F)  a t  the  s o i l  surface .  The value of t h i s  heat  i s  
demonstrated i n  the con t ro l  of i n s e c t s  and other pes t s  t h a t  e a t  legume 
seedl ings .  A t  t h e  Ona ARC a small land s n a i l  (Polygyra cereolus)  has been 
found t o  be responsible f o r  decimating stands of sod-seeded c lovers .  
Burning resu l t ed  i n  98% morta l i ty  of t h i s  p e s t ,  r e su l t ing  i n  successful  
legume establishment. 
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Cont r o11ing c ompetition after  seeding. 

Control  of sod growth after legume emergence can be accomplished w i t h  graz ing  
o r  h e r b i c i d e s .  Herbicides are valuable for controlling competition after 
seed ing  because thcy can stop grass growth. When h e r b i c i d e s  w e r e  app l i ed  
t o  7 t o  10 cm t a l l  (2 .8  t o  4 inch) bahiagrass in l a t e  June, b e t t e r  y i e l d s  
of summer legumes were. obtained as compared t o  untreated g r a s s  (Table 3 ) .  
Successful s t a n d s  of legumes resulted when canopy cover was s l i g h t  a t  
s eed ing  and sod control was employed during legume development. 

Table  3 . 	 D r y  m a t t e r  y i e l d  o f  summer legumes sod-seeded i n  bah i ag ra s s  
t r e a t e d  w i th  v a r i o u s  herbicides Ona  A R C . 1977-78. 

___I__._.___I_I.__ ~ 

Legume y i e l d  
Herb ic ide  Sod control A e s c h y n o m e n e  Alyce c l o v e r  Hai ry  i nd igo  

.-..-.I-	 . __ - -
Round-up Excellent 4950 5030 1900 

Good 2920 4130 1380 

Paraqua t  Poor 100 970 140 

No h e r b i c i d e  Poor 
210 450 120 

Divide kg/ha by 1.121 t o  get lb/A. 

Using h e r b i c i d e s  to con t ro l  competition a f t e r  seeding w i n t e r  legumes has  
ques t i onab l e  value. Delaying seeding date i n  south F l o r i d a  u n t i l  a f t e r  
November 15 usually a s s u r e s  that b a h i a g r a s s  growth will b e  slowed by cool  
temperatures .  When night t 1.5 C (59 F) bahiagrass 
growth a lmost  s t o p s ,  If competition at time has been removed, l i t t l e  
growth w i i l  develop a f t e r  seeding. Hence, with winter annua1s i t  i s  much 
more impor tan t  to remove competition at s e e d i n g  than to con t ro l  compet i t ion  
a f t e r  seed ing .  

demons t ra te  t h i s  p o i n t ,  the canopy was removed at seed ing  by paraqua t  and 
burning,  arid the grass canopy regrew slowly, but was unchecked through t h e  
l a t e  f a l l  and winter. (Table 2). Excellent yields were ob ta ined  from r e d  
and wh i t e  c l o v e r  kg/ha) i n  this burn t r e a t m e n t  b u t  poorer  yields 
(3840 kg/ha)  resulted i n  a Dowpon M treatment where the g r a s s  canopy 
remained a t  seed ing ,  bu t  all new growth was s topped.  S i m i l a r  summer annua l  
yields r e s u l t e d  w i th  a burn vs Dowpon M treatment (2970 vs 2810 kg/ha)  b u t  
y i e l d s  produced from u n t r e a t e d  grass  were  poor  (260 kg/ha). Both types  of 
compet i t ion  c o n t r o l  a r e  necessary when sod seeding summer legumes i n  bahia­
g r a s s ,  b u t  removing sod cover p r i o r  to seeding is most important  f o r  w i n t e r  
legumes. 

Sod-seeding machines. 

If  a good job i s  done controlling grass competition and adequate  f e r t i l i t y  
and wate r  a r e  supp l i ed  ( f o r  w i n t e r  l e g u m e s ) ,  the type o f  sod- seeding 
d r i l l  t h a t  you use makes little difference in the legume e s t ab l i shmen t .  
have used very simple, re la t ively inexpensive machines ,  such a s  t h e  Z i p  
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s e e d e r ;  i n t e rmed ia t e ly  p r i ced  machines, such a s  the John Deere Powr - t i l l (R )  
and s eede r ;  o r  ve ry  expensive,  s o p h i s t i c a t e d  machines l i k e  t h e  
B e t t i s o n  3-D seede r  and have had success  w i t h  a l l  o f  t he se .  I f  the p r a c t i c e s  
for  succes s fu l  e s t ab l i shmen t  a r e  fol lowed,  then machine p r e f e r ence  i s  a 
persona l  and economic matter. As pointed out e a r l i e r ,  d i s k i n g  sod and broad-
c a s t i n g  seed can r e s u l t  i n  good establishment. 

The fol lowing a r e  s t e p s  recommended f o r  es  t a b l i  sh ing  w in t e r  o r  summer annua ls  
i n  bah i ag ra s s  i n  sou th  Florida. 

Winter annua ls  ( a l f a l f a ,  r e d  and wh i t e  c l o v e r ) .  

1. 	 L i m i t  t h e  u s e of  n i t r u g e n  on bah i ag ra s s  a f t e r  September 15. Raise  
t h e  so i l  pH t o  6.0  f o r  clover and 6.5 f o r  a l f a l f a ,  

2. 	 Before seed ing  graze ,  remove a s  hay,  o r  burn o f f  a l l  excess  
bah i ag ra s s  l e av ing  a maximum o f  7 .6  c m  ( 3  inches) .  

3 .  	 I n o c u l a t e  seed w i th  proper  s t r a i n  o f  f r e s h  Rhizobium and seed 
legumes a f t e r  November is t o  take advantage of  coo l  temperatures  
which l i m i t  b ah i ag ra s s  growth. Wait ing u n t i l  November 15 a l s o  
i n c r e a s e s  the chances of r a i n  from co ld  f r o n t s .  

4 .  	 F e r t i l i z e  legumes a t  seed ing  w i t h  340 t o  450 kg/ha (300 t o  400 lbs/A) 
of 0-10-20 and a f t e r  t h e  f i r s t  c u t t i n g  (about  March 15) apply  another  
340 t o  450 kg/hao f  0-10-20. App ly  mic ronu t r i en t s  i f  none were 
app l i ed  i n  t h e  p a s t  4 yea r s .  

5. 	 I r r i g a t e  i f  necessary .  i r r i g a t i o n  may be  more important  w i t h  d i s k  
and b roadcas t  methods o f  seeding than sod d r i l l  methods because 
o f  poorer  s e e d- t o - s o i l  c o n t a c t  with t he  former. 

6 .  	 Bahiagrass  growth may be grazed o r  mowed during legume e s t ab l i shmen t ,  
provided seed1ings are n o t  c l i pped .  

Surnner annuals (aeschynomene. - a l y c e  c l o v e r ,  h a i r y  i nd igo ) .  

1. 	 L i m i t  the use  of  n i t r o g e n  f e r t i l i z e r  on bah i ag ra s s  a f t e r  A p r i l  15 
Ra i se  s o i l  pH t o  5 .5  to 6 .0 .  

2 .  	 Before  seed ing ,  graze, remove a s  hay, o r  burn  ( a f t e r  d e s i c c a t i o n  
w i t h  paraquat) a l l  excess bahiagrass, l e av ing  a maximum of 7 . 6  cm 
(3 inch). 

3 .  	 I f  h e r b i c i d e s  a r e  used to control sod growth a f t e r  seed ing ,  b e s t  
results w i l l  r e s u l t  if the chemicals are app l i ed  2 t o  3 weeks 
b e f o r e  s eed ing  so t h a t  sod-control i s  i n  e f f e c t .  Dowpon M, e s p e c i a l l y  
i f  p a r t  o f  a smutgrass c o n t r o l  program, i s  recommended a t  2.5 kg/ha 
a c t i v e  (3 .0  l b / A ) .  

4 .  	 I n o c u l a t e  s e e d  w i t h  proper s t r a i n  of f r e s h  Rhizobium and seed legumes 
a f t e r  June 1 5  to increase the p r o b a b i l i t y  o f  favorab le  mois ture  
cond i t i ons .  Seed naked aeschynomene (de- hul led)  , and f o r  a l l  legumes 
i t  i s  desirab1e to use seed r a t e s  t ha t  a r e  20 t o  25% h i g h e r  than  used 
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i n  prepared seed beds.  

5 .  	 F e r t i l i z e  legumes a t  seeding  wi th  560 kg/ha (500 lb/A) o f  0-10-20. 
Use micronut r ien ts  i f  none have been appl ied  i n  t he  p a s t  4 years .  

6 .  I f  no h e r b i c i d e s  w e r e  used t o  con t ro l  g r a s s  growth, then graze o r  
mow t o  remove competi t ion.  Do n o t  a l low legume seed l ings  t o  be 
grazed. When legumes a r e  7 t o  10 cm t a l l  (3 t o  4 inches)  remove 
c a t t l e  and a l low t h e  legumes t o  reach  60 cm (24 inches )  be fo re  
graz ing .  

Qua l i t y  legumes can be e s t a b l i s h e d  i n  bahiagrass ,  provided t h e s e  s t e p s  
a r e  followed. Seek advice  from county ex tens ion  o r  ex tens ion  forage  
s p e c i a l i s t  about v a r i e t i e s ,  seeding r a t e s ,  s o i l  t e s t i n g ,  e t c .  With 
c o s t l y  n i t r o g e n  f e r t i l i z e r  and expensive feed c o s t s ,  legumes a r e  too 
good t o  do without .  
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-- CONSERVATION TILLAGE SYSTEMS I N  FLORIDA 
scs VIEWPOINT1 

JOHN D .  LAWRENCE2 

I n t r o d u c t i o n  

The U.S. Department of A g r i c u l t u r e ,  S o i l  Conservat ion S e r v i c e  (SCS) 
prov ides  t e c h n i c a l  a s s i s t a n c e  t o  l and  u s e r s  through s o i l  and water 
conse rva t i on  d i s t r i c t s .  This  a s s i s t a n c e  involves  h e l p  i n  i n s t a l l i n g  
conse rva t i on  p r a c t i c e s  and r e sou rce  management systems needed t o  
main ta in  o r  improve t h e  r e sou rce  ba se ,  improve q u a l i t y  i n  t h e  environ­
ment and improve t h e  s t a n d a r d  of l i v i n g .  I n  o r d e r  t o  ach ieve  t h e  
above o b j e c t i v e s ,  SCS develops and eva lua t e s 'w i th  land  u s e r s  a l t e r n a­
t i v e s  f o r  l and  u se  and t rea tment  through conserva t ion  planning.  

S o i l  e r o s i o n  i s  a s e r i o u s  problem i n  F l o r i d a .  The 1 9 7 7  SCS Na t iona l  
Resources Inventory  ( 3 )  e s t i m a t e s  t h a t  each year  approximately 
13,298,000 tons  of s o i l  are be ing  eroded by s h e e t  and r i l l  e ro s ion  
from crop land  i n  F l o r i d a .  S t u d i e s  by G r i f f i n  (1) show t h a t  row crop  
e r o s i o n  rates o f t e n  exceed t h e  ra te  of e ro s ion  accep t ab l e  f o r  main­
t a i n i n g  long- term p r o d u c t i v i t y  of 
a r educ t i on  i n  crop y i e l d s  and an  
from e r o s i o n  i s  a l s o  t h e  n a t i o n ' s  
p o l l u t i o n .  Most of t h e  n u t r i e n t s  

t h e  s o i l .  S o i l  e r o s i o n  a l s o  caused 
i n c r e a s e  i n  n u t r i e n t  l o s s .  Sediment 
l a r g e s t  nonpoint  sou rce  of water 
and some p e s t i c i d e s  become a t t a ched  

t o  sediment p a r t i c l e s  and may move i n t o  nearby wate r  courses  (2 ) .  

The S o i l  and Water Resources Conservat ion A c t ,  passed by Congress i n  
1977, involves  t h e  p u b l i c  i n  developing a n a t i o n a l  program f o r  t h e  
conse rva t i on  of s o i l ,  water, and r e l a t e d  n a t u r a l  resources .  I t  sets 
a r educ t i on  of energy use  i n  a g r i c u l t u r e  and r educ t i on  of s o i l  e r o s i o n  
on a g r i c u l t u r a l  l and  as major o b j e c t i v e s .  

The Universa l  S o i l  Loss Equation (USLE) i s  widely used by SCS as a 
means of e s t i m a t i n g  o r  p r e d i c t i n g  s o i l  loss .  SCS i s  working w i th  
land  u s e r s  i n  developing cropping systems t h a t  w i l l  reduce s o i l  ero­
s i o n  t o  below t h e  s o i l  l o s s  t o l e r a n c e  level.  For most F l o r i d a  s o i l s ,  
t h i s  l e v e l  i s  an average of 5 tons  p e r  a c r e  pe r  yea r .  The proper  
use  of crop r e s i d u e s  i s  one of t h e  b e s t  t o o l s  a v a i l a b l e  f o r  reduc ing  
e r o s i o n  and i s  t h e  b a s i s  f o r  conse rva t i on  cropping systems.  

'For p r e s e n t a t i o n  a t  t h e  T h i r d  Annual Sou theas t e rn  No-Tillage Systems 
Conference,  June 19.  1980. B i l l i s t o n ,  F l o r i d a .  

2 
Conservat ion Agronomist, U.S. Department of A g r i c u l t u r e ,  S o i l  Conser­
v a t i o n  S e r v i c e ,  G a i n e s v i l l e ,  F lo r ida  32602. 
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Cropping Systems i n  Conservat ion T i l l a g e  

On a f i e l d  of Orangeburg loam t i l l e d  by convent iona l  methods, a crop-
ping system of cont inuous corn has  an annual  e s t ima ted  s o i l  l o s s  of 
11.8 tons/acre. Corn s i l a g e  and soybeans double-cropped w i th  con­
v e n t i o n a l  t i l l a g e  have an  annual  es t imated  s o i l  l o s s  of 19.8 tons /  
acre. Conventional t i l l e d  co rn  ha rves t ed  f o r  g r a i n  and t h e  crop 
r e s i d u e  l e f t  on t h e  s u r f a c e  ha s  an annual  e s t ima ted  s o i l  l o s s  of 
11.0 tons/acre. With a cropping system of soybeans,  s m a l l  g r a i n ,  
and soybeans u s ing  n o- t i l l a g e ,  t h e  annual  e s t ima ted  s o i l  l o s s  is on ly  
3.7 tons/acre ( 1 , 4 ) .  The importance of good conse rva t i on  planning 
i s  ev iden t  when cons ide r ing  t h a t  on ly  one of t h e  above fou r  cropping 
systems reduces  s o i l  l o s s  t o  below t h e  t o l e r a n c e  l e v e l  of 5 t o n s /  
a c r e /yea r .  

I n  SCS, cropping systems t h a t  reduce s o i l  l o s s  t o  t h e  t o l e r a b l e  l e v e l  
are c a l l e d  conse rva t i on  t i l l a g e  systems.  These systems i nc lude  no-
t i l l a g e  farming which i s  t h e  system most adapted t o  F l o r i d a  cond i t i ons .  

I n  n o- t i l l a g e  farming,  t h e  c rop  i s  p l an t ed  d i r e c t l y  i n  chemical ly  
t r e a t e d  sod s t u b b l e  o r  c rop  r e s i d u e  and o t h e r  r e s i d u e s  w i thou t  me­
chan ica l  seedbed p r e p a r a t i o n .  N o- t i l l  p l a n t i n g  has  become a common 
p r a c t i c e  i n  many areas of t h e  count ry  bu t  on ly  a small percen tage  of 
F l o r i d a  c rop land  i s  p l an t ed  by n o- t i l l a g e  methods. I n  1979, approxi­
mately 156,536 a c r e s  of n o- t i l l a g e  and s imilar  t i l l a g e  systems w a s  
done i n  F l o r i d a .  I t  has  been es t imated  t h a t  t h e  f i g u r e  w i l l  i n c r e a s e  
t o  188.420 a c r e s  i n  1980. 

The r educ t i on  i n  machinery and power c o s t  may be o f f s e t  by a d d i t i o n a l  
h e r b i c i d e  requi rements .  Labor requirements  f o r  n o- t i l l a g e  systems a r e  
about  one- th i rd  those  of conven t iona l l y  p l an t ed  corn.  

Tables  1 and 2 (5) i n d i c a t e  t h a t  l a b o r  and horsepower-hour pe r  a c r e  
a r e  cons ide rab ly  less f o r  n o- t i l l a g e  t han  f o r  convent iona l  t i l l a g e .  

Table 1. Labor and Power (Horsepower-hours per  a c r e )  

Conventional Corn No-Till Corn 
Operator  Power Operator  Power 

_-_ 

Disking 0 . 7  0.7 
Breaking 1.1 1.1 
Disking 0.7 0.7 
Harrowing 0 .4  0 .4  
P l a n t i n g  1.1 0 . 6  1.1 0.6  
Weed Control  0 . 4  0.3 0.4  0 .3  
C u l t i v a t i n g  0.9 0.7 
P i ck ing  0.8 0.8 0.8 0.8 __ ~ _. -

6 . 1  5 .3  2 .3  1 .7  
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Table 2.	 Nebraska Study - Energy Requirements 
(Horsepower-Hour Per Acre) 

Operation


Chop stalks 

Disk 

Plow 

Disk 

Harrow 

Plant 

Spray

Cultivate 

Cutlivate 

Combine 


The water erosion problem on 

Conventional_ No-Till 


9.9 

5.5 

19.0 

5.5 

5.5 

4.0 
1.0 
3.3 
3.3 
8.2 8.2  
65.2 11.2 


conventional tillage systems has been 

studied in northwest Florida (1). By using the Universal Soil Loss 
Equation, SCS estimated in 1977 that soil l o s s  from water erosion on 
Dothan, Greenville, Orangeburg, Red Bay, and Tifton soils (5-7% slope) 
planted to row crops was 14 to 18 tons/acre. On moderately sloping 
(2-5%) soils, such as Fuquay, Lucy, Troup, and Wagram, estimated ero­
sion loss exceeded 9 tons/acre. On nearly level (0 to 2%) soils, 
estimated soil l o s s  was 8 tons/acre on soils such as Greenville, 
Orangeburg, Red Bay, and Tifton ( 1 , 4 ) .  

On a conventionally tilled field of Orangeburg sandy loam soil (3% 
slope), two high residue producing crops and two low residue producing 
crops in a 3-year rotation of peanuts, small grain (grain), soybeans, 
and corn, estimated annual soil loss was 13.9 tons/acre. Under a 
grass-crop rotation of pasture (3 years), small grain, tobacco, and 
corn, estimated annual soil l o s s  was 4.8 tons/acre. With a no-tillage 
cropping system, however, of soybeans, corn, small grain, and soybeans, 
soil l o s s  on the same Orangeburg soil averaged only 2.4 tons/acre/year. 
These examples and Table 3 show the value and practicality of using 
residues in reducing s o i l  l o s s  on cropland (1,4). 

Table 3. 	 Average Annual Soil Loss  on Orangeburg Sandy Loam Soils 
with Different Cropping and Tillage Systems 

Average Annual 
Soil Loss 

Slope Cropping System Tillage Tons/Acre 

5-7% Small grain-soybean-corn Conventional 13.9 
2-5% Grass-small grain-tobacco- Conventional 4.8 

corn 
0-2% Soybean-corn-small grain No-Till 2.4 
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Summary 

Well planned and app l i ed  conserva t ion  t i l l a g e  systems are one of t h e  
b e s t  conserva t ion  p r a c t i c e s  t o  reduce s o i l  e ros ion ,  thereby protec­
t i n g  our  resource  base.  They can a l s o  reduce l a b o r ,  f u e l ,  and power 
requirements .  

Almost 1 m i l l i o n  a c r e s  of corn ,  soybean, and c o t t o n  crops i n  F lo r ida  
a r e  adapted t o  minimum o r  n o- t i l l a g e  cropping systems. These crops 
are grown mainly i n  north- northwestern and nor th- cent ra l  F lo r ida .  

SCS encourages land  u s e r s  t o  leave re s idue  on t h e  s u r f a c e  i n  conser­
v a t i o n  t i l l a g e  systems t o  break t h e  sp l a sh  e f f e c t  of f a l l i n g  ra in-
drops and reduce t r a n s p o r t  of s o i l  p a r t i c l e s  by flowing water. 

Severa l  conserva t ion  t i l l a g e  demonstrat ions have been he ld  i n  F lo r ida  
i n  coopera t ion  wi th  s o i l  and water conserva t ion  d i s t r i c t s ,  a g r i c u l­
t u r a l  agencies ,  and equipment and chemical companies. SCS works 
wi th  t h e s e  agencies  as w e l l  as wi th  i n d i v i d u a l  land  use r s .  
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PEST INSECTS AS AFFECTED BY TILLAGE METHODS 
I N  SOYBEANS, CORN AND SORGHUM 

Ki-Munseki Lema, R.N. Gal laher ,  and S.L. Poe 

INTRODUCTION 

The n o- t i l l a g e  method of c rop  product ion has  become more popular  i n  
F l o r i d a  during r e c e n t  yea r s  because of (a)  t h e  a v a i l a b i l i t y  of p lan t­
i n g  equipment designed t o  ope ra t e  under unplowed s t u b b l e  and/or  
mulched c o n d i t i o n s .  (b) development of improved h e r b i c i d e s  t o  con­
t r o l  g r a s s  and broadleaf  weeds, ( c )  our ex tens ion  IFAS research ef­
f o r t s  on n o- t i l l a g e  systems, and (d) our  educa t iona l  e f f o r t s  wi th  
f i e l d  days, demonstrations, conferences,  and sho r t cou r ses  through 
t h e  IFAS Cooperat ive Extension Serv ice .  The double cropping succes­
s i o n  of soybeans fol lowing small g r a i n  is probably t h e  most p rac t i ced  
agronomic double cropping system a l l  over  t h e  world. Soybeans suc­
ceeding corn  i n  t h e  warm season i s  another  mult icropping system t h a t  
i s  a l s o  enjoying increased  acreage  i n  F l o r i d a  and o t h e r  p a r t s  of t h e  
sou theas t e rn  United S t a t e s .  

P l a n t  r e s i d u e s  and t h e  l a c k  of s o i l  d i s tu rbance  a s s o c i a t e d  wi th  no-
t i l l a g e  systems provide f avo rab le  cond i t i ons  f o r  t h e  build-up of p e s t  
populat ions.  The mult icropping p r a c t i c e  t h a t  cont inueously provides 
food and/or s u i t a b l e  h a b i t a t  f o r  va r ious  p e s t  organisms, a l s o  creates 
cond i t i ons  t h a t  are conducive t o  p e s t  a c t i v i t y .  Our 
sect b io logy  and behavior  as they  are a f f e c t e d  by t h e  
tice is l i m i t e d  i n  s p i t e  of t h e  i n c r e a s i n g  adopt ion  of 
f o r  c rop  production. The o b j e c t i v e  of t h i s  s tudy  w a s  
on insect p e s t s  i n  mult icropping,  n o- t i l l a g e  soybean, 
ghum .systems. 

EXPERIMENTAL PROCEDURE 

Soybean systems 

Observat ions on t h e  e f f e c t s  of s o i l  t i l l a g e  methods on 
u l a t i o n s  w e r e  made on t h e  Robinson farm i n  W i l l i s t o n ,  
Agaonomy Farm, Ga inesv i l l e .  The fo l lowing  s i x  t i l l a g e  

knowledge of in-
n o- t i l l a g e  prac­

t h i s  practice 
t o  c o l l e c t  d a t a  
corn and sor­

i n s e c t  p e s t  pop-
and a t  Green Acres 

t rea tments  w e r e  
compared i n  two s e p a r a t e  experiments i n  r y e  s t u b b l e  and corn s t a l k  a t  
Wil l i s ton :  (1) n o- t i l l a g e  i n t o  r y e  s tubb le ,  (2)  n o- t i l l a g e  p l u s  in-row 
s u b s o i l  i n t o  r y e  s t u b b l e ,  ( 3 )  n o- t i l l a g e  i n t o  r y e  mulch, ( 4 )  n o- t i l l a g e  
p lus  in-row s u b s o i l  i n t o  r y e  mulch, (5) convent iona l  t i l l a g e  in to  r y e  
s t u b b l e ,  and (6 )  convent iona l  t i l l a g e  p lus  in-row s u b s o i l  i n t o  r y e  stub­
b l e .  
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"Cobb" soybeans were p lan ted  i n  the r y e  s t u b b l e  experiment on March 
21, 1978 w i t h  a 2-row Brown-Harden Superseeder mounted on a 5600 
Ford t r a c t o r .  The e n t i r e  f i e l d  w a s  f e r t i l i z e d  wi th  600 pounds p e r  
acre 5-4.4-12.5 (N-P-K) appl ied  a t  p l an t ing  a long  wi th  1 p i n t  (0.25 
pound a.i .  p e r  a c r e )  of paraquat  p lus  0.33 p i n t  of Ortho XJ77 surfac­
tant and 1 pound a.i.  per  a c r e  of a l a c h l o r .  A second crop  of soybeans 
w a s  grown a t  W i l l i s t o n  from August t o  November, 1978. The same til­
l a g e  t r ea tmen t s  as  above w e r e  eva lua ted  i n  corn  s t a l k .  The agronomic 
p r a c t i c e s  w e r e  t h e  same as i n  t h e  r y e  s t u b b l e  s tudy above. 

The Green Acres experiment w a s  conducted i n  " Flor ida  501" oat s t u b b l e  
i n  which f o u r  t i l l a g e  t rea tments ,  n o- t i l l a g e  and convent ional  t i l l a g e  
p l u s  in-row subso i l  f o r  each, were compared. "Cobb" soybeans were 
p lan ted  on June 3, 1978. During t h e  p l a n t i n g  opera t ion ,  400 pounds 
p e r  acre 5-4.4-12.5 (N-P-K) were app l i ed  along wi th  0.25 pound a. i .  
pe r  acre metr ibuzin,  1 pound a.i .  p e r  acre l i n u r o n  and 1.5 p i n t s  (0.375 
pound a.i.) per  acre of paraquat  p lus  0 . 3 3  p i n t  Ortho X-77 s u r f a c t a n t .  
This s tudy  w a s  repea ted  i n  1979; soybeans were p lan ted  on June 12 ,  1979. 

corn  systems 

No- t i l lage  and convent ional  t i l l a g e  t rea tments  wi th  in-row s u b s o i l  f o r  
each were compared i n  t h e  v e t c h  and wheat s tubble .  "DeKalb XL78A" corn  
w a s  planted i n  both conventiona t i l l a g e  and n o- t i l l a g e  p l o t s  on Apr i l  
19, 1978 i n  t h e  "Hairy" v e t c h  s tubble .  I n  t h e  "Holly" wheat s t u b b l e  
experiment,  corn  w a s  p lan ted  on June 3, 1978. P l an t ing  w a s  conducted 
wi th  t h e  same equipment as t h a t  used i n  t h e  soybean systems. 

A l l  t h e  p l o t s  i n  t h e  v e t c h  s t u b b l e  experiment were f e r t i l i z e d  a t  p l a n t i n g  
wi th  400 pounds per  acre 0-7.92-29.88 (N-P-K), and a d d i t i o n a l  a p p l i c a t i o n s  
of N (25 pounds p e r  a c r e )  were made on A p r i l  22, and June 10, 1978. The 
wheat s t u b b l e  f i e l d  w a s  f e r t i l i z e d  wi th  600 pounds pe r  acre 5-4.4-12.5 
(N-P-K) on June 3, 1978, w i th  an  a d d i t i o n a l  a p p l i c a t i o n  of 50 pounds 
per  acre of N made on June 12 .  I n  both experiments,  paraquat  (0.38 pound 
a. i .  per  a c r e ) ,  p l u s  Ortho X-77 s u r f a c t a n t  (0.33 pint p e r  a c r e ) ,  was used 
a t  p l an t ing ,  and 2 ,  4-D (.25 pounds a . i .  per  acre) and a t r a z i n e  (2 pounds 
a.i .  per  a c r e )  a f t e r  emergence, f o r  weed con t ro l .  A l l  t h e  p l o t s  i n  t h e  
ve t ch  s t u b b l e  s tudy  and ha l f  of t h e  rows i n  each r e p l i c a t i o n  i n  t h e  wheat 
experiment w e r e  t r e a t e d  wi th  carbofuran a t  t h e  rate of 2 pounds a . i .  p e r  
acre dur ing  t h e  p l a n t i n g  opera t ion .  

The two experiments were repea ted  i n  1979 wi th  t h e  same c u l t u r a l  p r a c t i c e s ,  
except  that no i n s e c t i c i d e  w a s  used i n  t h e  1979 season. "DeKalb XL78A" 
corn  w a s  p l an t ed  on A p r i l  6 i n  t h e  ve t ch  s tudy  and June 12  i n  t h e  wheat 
s t u b b l e  experiment. 

Sorghum systems 

One experiment w a s  conducted a t  Green Acres t o  determine t h e  in f luence  of 
no- t i l l age  cropping and n i t rogen  f e r t i l i z e r  on time of g r a i n  sorghum flow­
e r i n g  and sorghum midge i n f e s t a t i o n .  The experimental  s i t e  w a s  i n  un­
t i l l e d  and bahiagrass  sod f o r  f i v e  y e a r s  be fo re  plowing and p l an t ing  r y e  and 
lupine.  The fol lowing t rea tments  w e r e  compared i n  a l a t i n  
p l o t  layout :  (1) n o- t i l l a g e  i n t o  r y e  mulch, (2) n o- t i l l a g e  i n t o  rye  stub-
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b l e ,  (3) n o- t i l l a g e  i n t o  lup ine  mulch, ( 4 )  n o- t i l l a g e  i n t o  lup ine  
s tubb le ,  and (5) no win te r  crop convent ional  t i l l a g e  f o r  a check. 
Four l e v e l s  (0, 50, 100, and 200 pounds per  acre) af n i t rogen  f e r ­
t i l i z e r  were t e s t e d  as subt rea tments .  

Growers ML-135 g r a i n  sorghum hybrid w a s  p lan ted  on A p r i l  1 7 ,  1978 
i n  rows 30 inches  a p a r t  us ing  t h e  Brown-Harden Superseeder.  When 
sorghum w a s  about  39 inches  h igh ,  a t r a z i n e  (2 pounds a . i .  per  a c r e )  
and paraquat  (0.25 pounds a . i .  per  ac re )  p l u s  Ortho X-77 s u r f a c t a n t  
w e r e  appl ied  on t h e  e n t i r e  a r e a  as p o s t  a p p l i c a t i o n  f o r  weed sup­
press ion .  

Est imation of i n s e c t  popula t ions  and damage 

Damage due t o  t h e  lesser c o r n s t a l k  bo re r ,  Elasmopalpus l i g n o s e l l u s  
( Z e l l e r ) ,  and cutworms w a s  assessed  weekly by record ing  the number 
of damaged p l a n t s  i n  two rows randomly s e l e c t e d  i n  each r e p l i c a t i o n .  
F a l l  armyworms, Spodoptera Frudiperda  (J.E. Smith),  and corn  earworm, 
H e l i o t h i s  zea (Boddie), damage levels w e r e  determined i n  corn by 
counting the number of p l a n t s  wi th  damaged f o l i a g e  and t h e  number of 
damaged ears i n  two rows and among 30 consecut ive  p l a n t s  p e r  r e p l i ­
ca t ion .  To assess s t i n k  bug damage t o  soybeans, pods were c o l l e c t e d  
from 20 p l a n t s  per  t reatment  and t h e  number of damaged seeds were 
recorded. 

Popula t ions  of above-ground p e s t  i n s e c t s  w e r e  monitored i n  soybeans 
us ing  t h e  p l a n t  shaking and sweep n e t  methods. Non-baited p i t f a l l  
t r a p s  (one trap/replication) w e r e  used t o  monitor popula t ions  of cut-
worms, F e l t i a  sub te r r anea  (Fab.),  and wireworms, Conoderus amplicollis 
(Gyll .)  and C. f a l l i  Lane. The t r a p s  cons i s t ed  of c o t t a g e  cheese cups--
about  one- third f i l l e d  w i t h  e thylene  g lyco l  t h a t  killed and preserved 
t h e  ca tches .  

In t h e  sorghum s tudy ,  midge infestations were determined by counting 
a d u l t s  of t h e  sorghum midge, Contar in ia  so rgh ico la  ( C o q u i l l e t t ) ,  t h a t  
emerged from caged sorghum head samples. Twenty-five sorghum heads 
per  r e p l i c a t i o n  were removed a t  random from t h e  two middle rows of 
each p l o t  a t  t h e  milky s t a g e  of development and placed i n t o  10 inch  X 
13.5 inch  X 20 inch  cardboard midge emergence cages.  Emerging sorghum 
midges w e r e  c o l l e c t e d  i n  p l a s t i c  v ia ls  i n s e r t e d  i n t o  t h e  s i d e s  of each 
cage. 

Ten sorghum heads p e r  r e p l i c a t i o n  w e r e  examined and r a t e d  f o r  g r a i n  
damage on a scale of 0-10. Zero ind ica t ed  no midge damage, and 1-10 
i n d i c a t e d  10-100% g r a i n  l o s s .  Days taken by t h e  g r a i n  sorghum t o  reach  
mid-bloom (50%of t h e  p l a n t s  i n  each p l o t  w i th  90-100% of t h e  head emerg­
ed from t h e  boot )  were monitored 30-40 days af ter  sorghum plan t ing .  

Yield de te rmina t ion  

Dry matter y i e l d  of co rn  and soybeans w a s  determined by harvesting two 
20 f o o t  rows i n  t h e  middle of each p l o t .  These samples w e r e  weighed and 
subsamples taken t o  determine d ry  matter. Soybean and corn  y i e l d s  are 
r epor t ed  a t  13%and 15.5% dry  matter ,  r e s p e c t i v e l y .  
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Sorghum y ie ld  w a s  evaluated by hand harvest ing sorghum from 16.4 
feet/row i n  t h e  two middle rows of each p l o t .  Sorghum heads were 
dried i n  a greenhouse a t  95-104 F �or about seven days t o  reduce 
gra in  moisture content  t o  10%. The heads were threshed i n  a VogelR 

s i n g l e  head -thresher  and the  gra in  weighed. 

RESULTS 

Soybean systems 

Two i n s e c t s ,  the  velvetbean c a t e r p i l l a r ,  Ant icars ia  gemmatilis Hubner, 
and the southern green s t i n k  bug, Nezara v i r i d u l a  (L.), were the  
most important pes t s  observed during the two years.  Early planted 
soybeans i n  the  rye s tubble  study were not in fes ted  by the  velvet-
bean c a t e r p i l l a r s .  Populations of the  southern green s t i n k  bug were 
s i g n i f i c a n t l y  (P=0.05) higher i n  the  no- t i l lage  i n t o  rye  mulch than 
i n  the  conventional t i l l a g e  (Table 1). The no- t i l l age  i n t o  rye  stub­
b l e  w a s  not  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  conventional t i l l a g e  f o r  
s t i n k  bug i n f e s t a t i o n s .  

St ink bugs were i n  t r a c e  numbers i n  the  corn s t a l k  ( l a t e  planted soy-
beans) experiment a t  Wil l i s ton,  but velvetbean c a t e r p i l l a r s  p o p ula­
t i o n s  reached such a high l e v e l  t h a t  an  app l i ca t ion  of LannateR was 
made on September 27, 1978. However, the  d i f ferences  between treat­
ments f o r  the  c a t e r p i l l a r  populations were not s i g n i f i c a n t  (P=0.05). 
An average of 10.00, 10.13, and 10.79 velvetbean c a t e r p i l l a r s  pe r  
shake was recorded i n  the  no- t i l l age  i n t o  corn s t a l k  i n  r y e  s tubble ,  
no- t i l lage  i n t o  corn s t a l k  i n  rye mulch and the conventional t i l l a g e  
i n t o  corn s t a l k ,  respect ively .  In-row subso i l  d id  not  a f f e c t  s igni f­
i c a n t l y  c a t e r p i l l a r  populations i n  e i t h e r  main t i l l a g e  treatments. 

Damage t o  soybean seedlings caused by the  l e s s e r  conrs ta lk  borer a t  
Wil l i s ton w a s  general ly low and w a s  not a f fec ted  s i g n i f i c a n t l y  by the  
t i l l a g e  methods. On t h e  average, 1.92,  1 .92 ,  and 2.04 damaged plants  
p e r  row were observed respect ively  i n  no- t i l lage  i n t o  corn s t a l k  i n  
rye s tubble ,  r y e  mulch, and conventional t i l l a g e .  

Tables two and th ree  show data  col lec ted  on s t i n k  bug i n f e s t a t i o n s  and 
damage i n  the  oa t  s tubble  a t  Green Acres. St ink bug populations i n  
1979 were about double those i n  the  1978 season, but  t h e  s t a t i s t i c a l  
ana lys i s  of the da ta  f a i l e d  t o  reveal  any s i g n i f i c a n t  (P=0.05) d i f f e r­
ences between the  t i l l a g e  methods f o r  s t i n k  bug populations and damage 
t o  seeds i n  e i t h e r  year. 

I n  1978, numbers of velvetbean c a t e r p i l l a r s  col lec ted  from no- t i l lage  
w e r e  s t a t i s t i c a l l y  the same as those col lec ted  from t h e  conventional 
t i l l a g e  soybeans (Table 4 ) .  The 1979 r e s u l t s  indica ted  that s i g n i f i­
cant  d i f ferences  were found between treatments only f o r  small (up t o  
0.59 inch) larvae;  populations of small larvae w e r e  s i g n i f i c a n t l y  
higher i n  no- t i l lage  than i n  a l l  other treatments (Table 4) .  Medium 
(0.62-0.98 inch) and l a r g e r  (over 0.98 inch) larvae  were not af fec ted .  

The l e s s e r  corn s t a l k  borer caused s i g n i f i c a n t l y  more damage t o  no-
t i l l a g e  soybeans than t o  conventionally t i l l e d  soybeans i n  1979 (Table 
5). Other i n s e c t s  observed on soybeans i n  more or  l e s s  high populations 
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included the  three-cornered a l f a l f a  hopper, S p i s s i s t i l u s  f e s t i n u s  
(Say), and the soybean looper,  Pseudoplusia includens (Walker). 
No s i g n i f i c a n t  d i f ferences  were found i n  numbers of these  i n s e c t s  
between the  u n t i l l e d  and conventionally t i l l e d  soybeans. 

Table 6 conta ins  y i e l d  da ta  co l l ec ted  from 1977 t o  1979. During 
the f i r s t  year,  soybean y i e l d s  were s i g n i f i c a n t l y  higher under no-
t i l l a g e  a s  compared t o  t h e  conventional t i l l a g e  systems. No signi­
f i c a n t  d i f fe rences  were detected among treatments the  second year ,  
but  the no- t i l l age  non-subsoiled treatment w a s  lower than y i e l d  f o r  
o ther  t reatments i n  1970. 

The trend f o r  y ie ld  of no- t i l lage  soybeans t o  go down a f t e r  the  se­
cond year is apparent.  In-row subsoi l ing  may prolong t h i s  trend as 
r e f l e c t e d  by the y i e l d  f o r  t h i s  treatment being t h e  s a m e  as f o r  con? 
vent ional  t i l l a g e  soybeans. The y ie ld  response t o  no- t i l lage  i n  1977 
is l i k e l y  due t o  ex t ra  s o i l  moisture and the  extreme droughty condi­
t i o n s  experienced t h a t  year. 

Corn systems 

Tables 7-15 show the  r e s u l t s  obtained on i n s e c t  p e s t s  from both the  
vetch s tubb le  and t h e  wheat s tubble  experiments. I n f e s t a t i o n s  due t o  
the  f a l l  armyworms and corn earworms w e r e  more severe i n  the  l a t e  p lan t  
ed (wheat s tubble)  than i n  the  e a r l y  planted f i e l d  corn, but  w e r e  not  
a f fec ted  by the  t i l l a g e  methods (Tables 7-10). These p e s t s  d id  not ,  
according t o  the  r e s u l t s ,  cause more damage i n  no- t i l lage  corn than i n  
conventionally t i l l e d  corn. 

Wireworm populations were not  a f fec ted  by the  no- t i l lage  p rac t i ce  as 
compared t o  the conventional t i l l a g e  (Table 11). Although no- t i l lage  
g r e a t l y  increased cutworm populations (Table 12), no apparent damage 
w a s  done t o  corn seedl ings  by these  i n s e c t s .  Cutworms, however, may 
be expected t o  cause more damage t o  non t i l l e d  than t o  conventionally 
t i l l e d  corn because of t h e i r  higher population l e v e l s  i n  no- t i l lage  
corn systems. Therefore, a good program f o r  weed con t ro l  and insect­
i c i d a l  t reatments of the  s o i l  must be an important p a r t  of the  crop-
ping procedure when no- t i l lage  is  adopted f o r  corn production. 

No- tillage s i g n i f i c a n t l y  reduced lesser corns ta lk  borer  damage t o  corn 
(Tables 13-15). This p r a c t i c e  may be used i n  an in tegra ted  con t ro l  
program along wi th  e a r l y  p lant ing,  i r r i g a t i o n  ( l e s s e r  corns ta lk  borer  
damage is more severe on la te  planted and waterstressed crops) and 
app l i ca t ions  of a good s o i l  i n s e c t i c i d e  i n  order t o  regu la te  l e s s e r  
co rns ta lk  borer  in fes ta t ions .  

Yield da ta  are shown i n  Tables 1 6  and 1 7 ,  respect ively  f o r  the  vetch 
and wheat experiments. Yield of corn was e i t h e r  not  a f fec ted  by til­
l a g e  method o r  tended t o  be g rea te r  i n  no- t i l l age  treatments. The 
mulching b e n e f i t s  of vetch are re f l ec ted  i n  t h e  higher y ie lds  under 
no-t i l l a g e .  
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Sorghum systems 

The results of the  study are shown i n  Table 18. Sorghum planted i n  
lupine  s tubb le  and lupine  mulch p l o t s  a t t a i n e d  mid-bloom earlier than 
t h a t  planted i n  the  conventional t i l l a g e  and rye  mulchfstubble treat­
ments. Percent  g ra in  l o s s  w a s  lowest in the  lupine  p l o t s  and highest  
i n  the  conventional  t i l l a g e  p l o t s .  Yield of the  g ra in  sorghum was high­
e r  i n  no- t i l lage  i n t o  lupine  mulch than i n  a l l  o the r  treatments. 

Since lup ine  is  a legume and the re fo re  f i x e s  n i t rogen i n  the  s o i l ,  i t  
can be argued t h a t  sorghum grown after t h e  lupine  benef i ted  from the  
"fixed nitrogen". Accelerated growth resu l t ed  i n  e a r l y  sorghum flow­
ering;  thus f a c i l i t a t i n g  escape o f  t h e  crop from damaging midge pop­
ula t ions .  

Table 1. Ef fec t  of t i l l a g e  on southern green s t i n k  bug populations 
estimated by t h e  shake c l o t h  method i n  "Cobb" soybeans a t  Will is ton,  
FL., 1978. 

St ink bug population1 
Treatment Tota l  Number Average/Shake* 

No- ti l lage i n t o  rye s tubb le  

No- tillage p lus  in-row subso i l  
i n t o  rye  s tubb le  

No- tillage i n t o  r y e  mulch 

No- ti l lage p lus  in-row s u b s o i l  
i n t o  rye  mulch 

Conventional t i l l a g e  i n t o  rye 
s tubble  

Conventional t i l l a g e  p l u s  in-row 
subso i l  i n t o  rye  s tubble  

74 1.3ab 

86 1.5b 

97 1.7b 

106 1.9b 

54 1.0a 

6 1  1.l a b  

1Numbers are t o t a l s  and averages of e i g h t  weekly shakes/treatment f o r  
seven weeks. 
*Values followed by the  same le t te r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  a t  
0.05 l e v e l  by Duncan's new mul t ip le  range test. 
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Table 2. Number of southern  green  s t i n k  bugs c o l l e c t e d  from "Cobb" 
soybeans by t h e  p l a n t  shaking methodl a t  Green Acres,  Ga inesv i l l e ,  
FL . 

-
Average/Shake* 

Nymph Adult 
Treatment 1978 1979 1978 1979 

No - t i l lage  i n t o  o a t  s t u b b l e  1 . 2  2.3 2 . 1  4.9 

No - t i l lage  p l u s  in-row s u b s o i l  
i n t o  o a t  s t u b b l e  0.6 1.3 1 . 6  4.7 

Conventional t i l l a g e  0.8 1.3 1.8 4.9 

Conventional t i l l a g e  p l u s  in-row 
s u b s o i l  0.5 1 . 9  2 . 1  3.9 

1 / E i g h t  weekly shakes p e r  treatment f o r  n ine  weeks f o r  1978 and fou r  

shakes f o r  fou r  weeks f o r  1979. 

*In the a n a l y s i s  of variance, no s i g n i f i c a n t  d i f f e r e n c e s  w e r e  de t ec t ed  

among the means. Therefore,  Duncan's comparisons w e r e  no t  made. 


Table 3. S t i n k  bug damaged t o  seeds  i n  n o- t i l l a g e  and convent ional  
t i l l a g e  "Cobb" soybeans a t  Green Acres, Ga inesv i l l e ,  FL. 

1978 1979 

T r e a t m e n t  Percent  Percent  

Damage* Damage* Small Seeds* 

No- t i l lage  i n t o  o a t  s t u b b l e  

No- t i l lage  p l u s  in-row 
s u b s o i l  i n t o  o a t  s t u b b l e  

Conventional t i l l a g e  

Conventional t i l l a g e  p l u s  
in-row s u b s o i l  

7 .5  16.3 38.9 

3.9 14.3 28.9 

8.4 15.0 19.3 

7.5 17.0 20.7 

1/ Damage: seeds  w i t h  a t  least  one feeding  puncture.  
Small seeds:  smal l ,  wrinkled and fungus i n f e c t e d  seeds.  

* In  t h e  a n a l y s i s  of va r i ance ,  no s i g n i f i c a n t  d i f f e r e n c e s  w e r e  de t ec t ed  
t h e  means. Therefore,  Duncan's comparisons were n o t  made. 



104 


Table 4. Number of Velvetbean caterpillars collected from no-tillage
and conventional tillage soybeans at Green Acres, Gainesville, FL. 

Average No. Larvae/Shake1 
1 9 7 8 *  1979** a,, 

Treatment Small Large Small Med. Large 

No-tillage into oat stubble 7.9 2.9 11.4 1.9e 1.8x 

No-tillage pus in-row subsoil 
into oat stubble 8.4 2.2 16.lb 2.8e 2.1x 

Conventional tillage into oat 
stubble 8.6 1.8 17.1b 2.7e 1.1x 

Conventional tillage plus
in-row subsoil 8.5 3.5 16.4b 2.9e 1.7x 

1/ 1978, Small: up to 0.98 in.; Large: over 0.98 in. 

1979, Small: up to 0.59 in.; Medium: 0.62-0.98 in.; Large: over 0.98 in. 


*In the analysis of variance no significant differences were detected 

among the means. Therefore, Duncan's comparisons were not made. 

**Means in each column not followed by the same letters are significantly 

different at the 0.05 level by Duncan's new multiple range test. 


Table 5. Lesser cornstalk borer infestations in no-tillage and con­
ventional tillage "Cobb" soybeans at Green Acres, Gainesville, FL., 
1979. 

Infested Plants1


Treatment Total number Average/row* 


No-tillage into oat stubble 


No-tillage plus in-row subsoil 

into oat stubble 


Conventional tillage into oat 

stubble 


Conventional tillage plus in-row 

subsoil into oat stubble 


103 4.3a 


46 1.9b 


34 1.4b 


20 0.8c 


1/ Estimations based on two different rows/replications observed weekly

for three weeks. 


*Values not followed by the same letter are significantly different at 

the 0.05 level by Duncan's new multiple range test. 
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Table 6. Yield of soybeans from conventional and no- t i l lage  systems 
in oat s tubble  a t  Green Acres, Gainesvil le ,  Florida.  

Average yield* 
Treatment 1977 1978 1979 Average 

bu/A 
No- tillage i n t o  oa t  s tubble  36.0a 29.0a 15.0b 26.6 

No-tillage plus in-row subso i l  
i n t o  oa t  s tubble  36.0a 34.0a 21.0ab 30.3 

Conventional t i l l a g e  

Conventional t i l l a g e  plus 
in-row subsoi l  

21.0b 34.0a 26.0a 27.0 

21.0b 30.0a 24.0a 25.0 

Average 28.5 31.7 21.5 

*Data among t i l l a g e  treatments followed by the  same le t ter  wi thin  each 
year are no t  s i gn i f i c an t l y  d i f f e r en t  a t  the  0.05 level of probabi l i ty .  
Data among years with a common underl ine wi thin  each t i l l a g e  treatment 
are not  s i gn i f i c an t l y  d i f f e r en t  a t  the  0.05 level of probabi l i ty ,  by 
Duncan's new mul t ip le  range test.  

Table 7. Foliage ear damage caused by the  f a l l  armyworm, and the  corn 
earworm, i n  no- ti l lage and conventional t i l l a g e  corn a t  Green Acres, 
Gainesvil le ,  FL., 1978l . 

% in fes ta t ion*  
Treatment Foliage Ears 

No- tillage i n t o  vetch s tubble  24.6 44.3 

No- tillage p l u s  in-row subso i l  
i n t o  vetch s tubble  37.5 38.4 

Conventional t i l l a g e  30.8 43.2 

Conventional t i l l a g e  p l u s  in-row 
subs o il 22.7 50.8 

laumbers are averages of 120 p lan t s  per treatment (each week) f o r  four 
weeks f o r  f o l i age  and t h r ee  weeks f o r  ears .  
*In the  analys is  of variance, no s i gn i f i c an t  d i f ferences  w e r e  detected 
among the  means. Therefore, Duncan's comparisons were not  made. 
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Table 8. Damage caused by t h e  f a l l  armyworm, and corn earworm, t o  
no- t i l lage  and conventional t i l l a g e  f i e l d  corn a t  Green Acres, 
Gainesville, FL., 1979l. 

Corn in fes ta t ion*  
Avg. No./row % i n f e s t a t i o n  

Treatment p lan t s  ears p lan t s  ears 

No-tillage i n t o  vetch s tubble  0.4 2.8 1.5 10.6 

No- tillage p lus  in-row subso i l  
i n t o  vetch s tubble  0.5 3.6 2.0 14.6 

Conventional t i l l a g e  0.6 2.0 1.5 5.4 

Conventional t i l l a g e  p lus  in-row 
subsoil 0.4 3.4 0.8 9.9 

1Numbers are averages of 120 p l a n t s  per  treatment (each week) f o r  f i v e  
weeks f o r  f o l i a g e  and four weeks f o r  ears. 
*In t h e  ana lys i s  of variance,  no s i g n i f i c a n t  d i f ferences  were detected 
among the means. Therefore, Duncan’s comparisons were not  made. 

Table 9. I n f e s t a t i o n s  of t h e  f a l l  armyworm, and corn earworm, i n  no-
t i l l a g e  and oonventional t i l l a g e  f i e l d  corn a t  Green Acres, Gainesvil le ,  
FL., 1978l. 

% in fes ta t ion*  
Plants  with destroyed 

Treatment p lan t s  whorl tassel ears 

No- tillage i n t o  wheat s tubble  77.5 94.6 74.2 86.9 

No- tillage p lus  in-row subsoi l  
i n t o  wheat s tubble  77.8 90.8 70.9 78.5 

Conventional t i l l a g e  74.8 93.3 84.3 82.3 

Conventional t i l l a g e  p lus  
in-row subsoi l  76.2 94.6 83.2 72.1 

lAverage based on 120 p l a n t s  per  treatment p e r  week. 

*In the  ana lys i s  of variance,  no s i g n i f i c a n t  d i f ferences  were detected 

among the  means. Therefore, Duncan’s comparisons w e r e  not  made. 
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Table 10. I n f e s t a t i o n s  of t h e  f a l l  armyworm, and corn  earworm, i n  
no- t i l l age  and convent ional  t i l l a g e  f i e l d  corn a t  Green Acres, 
Gainesville, FL., 1979. 

I n f e s t e d  p lan ts*  
% 

Treatment 
Average (on row (on 120 
No./row b a s i s )  p l a n t  b a s i s )  

No - t i l lage  i n t o  wheat s t u b b l e  31.4 68.9 91.7 

No - ti l lage p l u s  in-row s u b s o i l  35.2 71.8 92.1 

Conventional t i l l a g e  27.0 60.3 87.5 

Conventional t i l l a g e  p lus  
in-row s u b s o i l  30.7 64.5 88.7 

*In t h e  a n a l y s i s  of var iance ,  no s i g n i f i c a n t  d i f f e r e n c e s  w e r e  de tec ted  
among t h e  means. Therefore,  Duncan's comparisons were n o t  made. 

Table 11. Number of wireworms, c o l l e c t e d  i n  p i t f a l l  t r a p s  from con­
ven t ' ona l  t i l l a g e  and n o- t i l l a g e  corn a t  Green Acres, Ga inesv i l l e ,  FL. ,  
19791. 

T o t a l  Number Average/Trap* 
Vetch Wheat Vetch Wheat 

Treatment s t u b b l e  s t u b b l e  s t u b b l e  s t u b b l e  

No-t i l l a g e  466 150 12.94 6.25 

No - t i l lage  p l u s  in-row 
s u b s o i l  368 207 10.22 8.62 

Conventional t i l l a g e  389 265 10.80 11. 04 

Conventional t i l l a g e  p l u s  
in-row s u b s o i l  280 173 7.78 7.21 

1Numbers are t o t a l s  and averages of n i n e  weeks f o r  v e t c h  and s ix weeks 
f o r  wheat w i th  fou r  t r a p s  p e r  t rea tment .  
*In t h e  a n a l y s i s  of va r i ance ,  no s i g n i f i c a n t  d i f f e r e n c e s  w e r e  de tec ted  
among t h e  means. Therefore,  Duncan's comparisons w e r e  n o t  made. 
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Table 1 2 .  A c t i v i t y  of t h e  granula ted  cutworm, monitored by nonbaited 
p i t f a l l  t r a p s  i n  n o- t i l l a g e  and convent ional  t i l l a g e  corn  a t  Green 
Acres, Ga inesv i l l e ,  FL. , 1979l. 

Cutworm populat ion 
Treatment T o t a l  No. Avg. /Trap 

No- t i l lage  i n t o  v e t c h  s t u b b l e  

No- t i l lage  p l u s  in-row s u b s o i l  

Conventional t i l l a g e  

Conventional t i l l a g e  p l u s  in-row 
s u b s o i l  

160 l O . O a *  

345 21.6a 

34 2. l b  

5 0.3b 

1Numbers are t o t a l s  and averages of f o u r  t r a p s  pe r  t rea tment  f o r  four  
weeks. 
*Values n o t  followed by t h e  same le t ter  are s i g n i f i c a n t l y  d i f f e r e n t  
by Duncan's new m u l t i p l e  range test  a t  t h e  0.05 level. 

Table 13. Lesser  c o r n s t a l k  bo re r ,  i n f e s t a t i o n s  i n  n o- t i l l a g e  and con­
v e n t i o n a l  t i l l a g e  f i e l d  corn  a t  Green Acres,  Ga inesv i l l e ,  FL., 1978-
1979. 

Damaged P l a n t s1 

To ta l  No. Average No./row* 
Treatment 1978 1979 1978 1979 

No - ti l lage i n t o  ve tch  s t u b b l e  3 15 O . l a  0.9c 

No - ti l lage p l u s  in-row s u b s o i l  
i n t o  ve t ch  s t u b b l e  2 13 0.la 0.8c 

Conventional t i l l a g e  32 3 1.3b 0.2c 

Conventional t i l l a g e  p l u s  
in-row s u b s o i l  32 2 1.3b 0 . l c  

1Estimation is  based on e i g h t  rows per  t rea tment  examined each week f o r  

t h r e e  weeks. 

*Means i n  each column n o t  followed by t h e  same le t t e r  are s i g n i f i c a n t l y  

d i f f e r e n t  a t  t h e  0.05 level by Duncan's new m u t i p l e  range test. 
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Table 14. Infestations of the lesser cornstalk borer, in no-tillage 

and conventional tillage field corn at Green Acres, Gainesville, FL., 

1978. 


No. plants 

Infestations* 


Plants/ 

Treatment observed infested % row 

No-tillage into wheat stubble 1987 31 1.6a 100c 

No-tillage plus in-row subsoil 
into wheat stubble 2751 104 3.8b 3.2d 

Conventional tillage 2507 88 3.5b 2.7d 

Conventional tillage plus in-row 
subsoil 2966 80 2.7b 2.5d 

*Values in each column not followed by the same letter are significantly 

different at the 0.05 level by Duncan's new multiple range test. 


Table 15. Infestations of the lesser cornstalk borer, in no-tillage and 
conventional tillage field corn at Green Acres, Gainesville, FL., 1979. 

No. Plants Infestation* 
Total Number 

Treatment observed infested % Avg./ row 

No-tillage into wheat stubble 1138 90 7.9 3.7 

No-tillage plus in-row subsoil 
into wheat stubble 1171 89 7.6 3.7 

Conventional tillage 1160 109 9.4 4.5 

Conventional tillage plus in-row 
subsoil 1140 90 7.9 3.7 

*In the analysis of variance, no significant differences were detected 
among the means. Therefore, Duncan's comparisons were not made. 
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Table 16. Yield of corn from Conventional tillage and no-tillage 
i n  v e t c h  stubble at Green Acres, Gainesville. FL., 

Average Yield* 

(Ton/A-Dry Matter) 


Treatment 1978 1979 2-year average 


No-tillage into vetch stubble 3.8a 3.6ab 3.7a 

No-tillage plus in-row subsoil into 
vetch stubble 3.7a 3.9a 3.8a 

Conventional tillage 2.7b 2.3b 2.5c 

Conventional tillage plus
in-row subsoil 3.2ab 2.6ab 2.9b 

*Values in each column not  followed by the same letter are significantly 
different at the 0.05 level by Duncan's new multiple range test. 

Table 17. 
 Yield of Corn from conventional tillage and no-tillage in 

wheat stubble at Green Acres, Gainesville, FL. 


Treatment 


Average Yield* 

(Ton/A Dry Matter)


1978 1979 2-year average 


No-tillage into wheat stubble 3.lb 3.2ab 3.la 

No-tillage plus in-row subsoil 
into wheat stubble 3.3ab 3.5a 3.4a 

Conventional tillage into wheat 
stubble 3.3ab 2.7b 3.0s 

Conventional tillage plus in-row 
subsoil into wheat stubble 3.6a 3.0ab 3.3a 

*Values in each column not followed by the same letter are significantly
different a t  the 0.05 l eve l  by Duncan's new multiple range teat. 
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Table 18. Days to mid-bloom, percent grain loss and yield of the 
grain sorghum at Gainesville, FL., 1978. 

Days to %grain Yield 

mid-bloom loss (Ton/A)


Treatment 
~ ~~ 

No-tillage into rye mulch 3.6 


No-tillage into rye stubble 10.0f13.3 3.3 


No-tillage into lupine mulch 4.1 


No-tillage into lupine stubble 3.5 


Conventional tillage 12.lf19.2 3.3 




NO-TILLAGE IN NORTH CAROLINA 

W .  M. LEWIS, A .  D .  WORSHAM, GEORGE C .  NADERMAN AND EUGENE G .  KRENZER 

I n  t h i s  r e p o r t  we a r e  p r e s e n t i n g  somewhat o f  an ove rv iew  o f  ou r  c u r r e n t  
research  and e x t e n s i o n  a c t i v i t i e s  i n  N o r t h  C a r o l i n a .  Many rep resen t  our 
concerns on wh ich  we a r e  p l a c i n g  emphasis. 

For a number o f  y e a r s  o u r  n o - t i l l a g e  acreage v a r i e d  from 8 t o  10% o f  t h e  
corn ,  soybean, and g r a i n  sorghum acreages.  However, most o f  t he  soybeans 
were n o - t i l l  doub le  cropped a f t e r  sma l l  g r a i n  h a r v e s t .  I n  t h e  l a s t  t h r e e  
years  we have w i t n e s s e d  an inc reased i n t e r e s t  i n  n o - t i l l a g e  and o t h e r  
reduced t i l l a g e  systems. T h i s  has been i n f l u e n c e d ,  i n  p a r t ,  by i n c r e a s i n g  
c o s t s  o f  f u e l ,  l a b o r  and equipment and by imp lementa t ion  o f  t h e  Water 
Q u a l i t y  Ac t .  

We have c o n t i n u e d  t o  p l a c e  emphasis on n o - t i l l a g e  i n  o u r  c o r n ,  soybean, 
s o i l s ,  and weed management e x t e n s i o n  programs. T h i s  p a s t  year  we conducted 
s i x  t r a i n i n g  sess ions  th roughout  No r th  C a r o l i n a  i n  c o o p e r a t i o n  w i t h  S o i l  
Conserva t ion  pe rsonne l .  These sess ions  were aimed a t  growers,  chemical  
and equipment d e a l e r s ,  SCS personnel  and a g r i c u l t u r a l  e x t e n s i o n  agents .  

Th is  r e p o r t  i s  d i v i d e d  acco rd ing  t o  o u r  v a r i e d  i n t e r e s t s :  Corn Ex tens ion  
Program, S o i l s  E x t e n s i o n  Program, Weed Science Research, and Weed Science 
Ex tens ion .  

Corn Ex tens ion  Program 

The emphasis on n o - t i l l a g e  c o r n  i n  ou r  c o r n  e x t e n s i o n  program i n  N o r t h  
C a r o l i n a  has expanded i n  t he  l a s t  t h r e e  yea rs .  We a r e  a t t e m p t i n g  t o  d e t e r -
mine why t h e r e  has n o t  been more acceptance o f  n o - t i l l  c o r n  p r o d u c t i o n .  
Our approach has been t o  conduct on- farm t e s t s  comparing conven t i ona l  
t i l l a g e  w i t h  n o - t i l l a g e  t o  demonstrate t o  fa rmers  these p r a c t i c e s  s i d e  by 
s i d e  and a t  t h e  same t i m e  c o l l e c t  i n f o r m a t i o n  on these t w o  t i l l a g e  systems. 
I t  a l s o  g i v e s  us  a chance t o  l e a r n  what a r e  some o f  t h e  problems f a c i n g  
t h e  fa rmer .  Our n o - t i l l a g e  p l a n t i n g s  have been i n t o  a r y e  cover  c rop .  

The r e s u l t s  f rom t e s t s  conducted on Piedmont c l a y  s o i l s  have been q u i t e  
s t r o n g l y  i n  f a v o r  o f  n o - t i l l  p l a n t i n g  c o r n  i n t o  r ye .  However, i n  t h e  
sandy Coasta l  P l a i n  l o c a t i o n s  o u r  r e s u l t s  have been mixed. 

Table 1 :  Corn Y i e l d s  (Bu/A)  i n  Piedmont T i l l a g e  Tes ts  
COUNTY 

T i l l a g e  Method Caswel Stokes Granvi  i f o r d  

Convent ional  71 141  58 96 
N o - t i l l  i n t o  Rye 94 155 68 99 

W .  M .  Lewis,  P r o f e s s o r  o f  Crop Science, A .  D. Worsham, P ro fesso r  o f  Crop 
Science, George C .  Naderman, A s s i s t a n t  P ro fesso r  o f  Soi l  Science Ex tens ion ,  
Eugene G .  K renzer ,  A s s i s t a n t  P ro fesso r  o f  Crop Science Ex tens ion ,  N o r t h  
Ca ro l i na  S t a t e  U n i v e r s i t y ,  Ra le igh ,  No r th  C a r o l i n a ,  27650. 
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Table  2 :  Corn Y i e l d s  (Bu/A) i n  Sandy Coasta l  	P l a i n  S o i l s  T i l l a g e  Tests  
COUNTY 

T i l l a g e  Method Johns ton  son Robeson Chowan Northampton 


Convent iona l  109 1 08 I53  1 

N o - t i l l  i n t o  Rye 1 , 

We f e e l  t h a t  t h e  e f f e c t  o f  t h e  r y e  mulch on mo is tu re  i n f i l t r a t i o n  r a t e  i s  
t h e  m o s t  i m p o r t a n t  f a c t o r  c o n t r i b u t i n g  to  increased y e i l d s  i n  t h e  Piedmont 
l o c a t i o n s .  Though t h e r e  i s  some n o - t i l l a g e  c o r n  i n  the  Piedmont, johnsongrass  
i s  a major  l i m i t i n g  f a c t o r  toward expansion o f  n o - t i l l a g e  p r o d u c t i o n  i n  t h i s  
area.  

I n  t h e  sandy s o i l s  we have become concerned t h a t  even though n i t r o g e n  has 
been a p p l i e d  i n  s p l i t  a p p l i c a t i o n s  (a sma l l  amount a t  p l a n t i n g  p l u s  t h e  
remainder 4 t o  6 weeks l a t e r ) ,  l a c k  o f  n i t r o g e n  may be l i m i t i n g  y i e l d s  where 
co rn  has been n o - t i l l  p l a n t e d  i n t o  a r y e  cover  c rop caus ing  some o f  t h e  y i e l d  
r e d u c t i o n s  no ted  i n  Tab le  2 .  We b e l i e v e  seve ra l  t h i n g s  c o u l d  cause t h i s :  
1 )  more n i t r o g e n  may be l e a c h i n g  i n  t h e  n o - t i l l a g e  p l o t s ;  2 )  more d e n i t r i f i ­
c a t i o n  or 3) the n i t r o g e n  may become t i e d  up i n  the  r y e  res idue .  

I n  1980 we a r e  c o n t i n u i n g  these s t u d i e s  b u t  have expanded them t o  l ook  more 
c l o s e l y  a t  n ig rogen  r a t e s  i n  conven t i ona l  versus n o - t i l l  p l a n t i n g  i n t o  soy-
bean res idue ,  r y e ,  o r  ve tch .  We would l i k e  t o  l e a r n  more about  o u r  thoughts  
on t h e  f a t e  o f  a p p l i e d  n i t r o g e n  i n  t h e  r y e  res idue  p l o t s .  We a l s o  want t o  
e v a l u a t e  t h e  use fu lness  o f  ve tch  as a cover  c r o p  and source o f  n i t r o g e n  
e s p e c i a l l y  when overseeded i n  soybeans. W i l l  t h i s  be an economica l l y  a t t r a c t ­
i v e  p r a c t i c e ?  

S o i l s  Ex tens ion  Program 

I n  ou r  S o i l s  Ex tens ion  Program, we have eva lua ted  va r i ous  t i l l a g e  methods 
f o r  c o r n  and soybeans i n  on- farm t e s t s  s i n c e  1977. Al though t h e  program has 
emphasized the  comparison o f  in- row s u b s o i l i n g ,  c h i s e l  p low ing  and conven­
t i o n a l  t i l l a g e ,  t h e  f o l l o w i n g  n o - t i l l a g e  t rea tments  have been i n c l u d e d :  
1 )  N o - t i l l a g e  p l a n t e d  co rn  i n t o  r e s i d u e  o f  in- row subso i l ed  soybean c r o p  as 
compared w i t h  repeated s u b s o i l i n g  and conven t i ona l  t i l l a g e .  T h i s  was i n t e n ­
ded t o  e v a l u a t e  t h e  p o s s i b l e  c a r r y o v e r  e f f e c t  o f  s u b s o i l i n g ,  2)  Same as 
above w i t h  soybeans p l a n t e d  i n t o  c o r n  res idue ,  and 3 )  N o - t i l l a g e  c o r n  i n t o  
c o n v e n t i o n a l l y  seeded smal l  g r a i n  r e s i d u e  ( r y e ,  wheat or o a t s ) .  

I n  October,  1979 we reviewed c o s t s  o f  t h e  v a r i o u s  t i l l a g e  methods i n  a 300-
ac re  o p e r a t i o n .  Th i s  i n d i c a t e d  a $ 7 / A  c o s t  sav ings  f o r  n o - t i l l a g e  c o r n  i n t o  
soybean r e s i d u e  compared w i t h  c h i s e l  p l o w i n g  and d i s c i n g .  However, t h e  c o s t  
o f  e s t a b l i s h i n g  a r y e  res idue  c r o p  f o r  n o - t i l l a g e  corn  made t h i s  system 
more expens ive  than c h i s e l i n g  and d i s c i n g .  Th i s  emphasizes t h e  importance 
o f  d e t e r m i n i n g  t h e  y i e l d  and c o n s e r v a t i o n  b e n e f i t s  o f  these two n o - t i l l a g e  
methods and s p e c i a l  management c o n s i d e r a t i o n s  o f  them, including n i t r o g e n  
requ i rement ,  weed, nematode and d i sease  management. This comparison i s  
i nc luded  i n  seve ra l  l o c a t i o n s  i n  ou r  1980 program. 
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Weed Science Research 

We have evaluated and he lped  o b t a i n  r e g i s t r a t i o n  for  a l l  the  h e r b i c i d e s  
c u r r e n t l y  l a b e l l e d  f o r  use i n  t h e  n o - t i l l a g e  c rop  p r o d u c t i o n .  The o n l y  
h e r b i c i d e s  showing any promise for v e g e t a t i o n  k i l l ,  o t h e r  than paraquat  o r  
g l yphosa te ,  i s  a combinat ion  o f  a c i f l u o r f e n  and d i c l o f o p  i n  soybeans. 

Over t h e  years ,  g l yphosa te  t rea tments  have produced h i g h e r  y i e l d s  o f  no-
t i l l  c o r n  and soybean compared t o  paraquat .  B e t t e r  l a t e  grass  c o n t r o l  from 
g l yphosa te  was found n o t  t o  be e n t i r e l y  r e s p o n s i b l e  fo r  increased y i e l d s ,  
t h e r e f o r e  a growth r e g u l a t o r  a f f e c t  was suspected.  Growth-chamber and 
greenhouse s t u d i e s  showed t h a t  g lyphosate  was exuded from t h e  r o o t s  o f  
t r e a t e d  p l a n t s  (such as a cove r  c rop )  and c o u l d  cause s t i m u l a t o r y  or  i n h i b ­
i t o r y  e f f e c t s  on a d j a c e n t  p l a n t s  i n  t h e  s o i l ,  depending on t h e  concent ra­
t i o n s  o f  g lyphosate  a p p l i e d  t o  t h e  t r e a t e d  p l a n t s .  I n  f i e l d  exper iments 
t h e  increased y i e l d s  o f  g l yphosa te  t r e a t e d  p l o t s  made g l yphosa te  more 
economical t o  use than  paraquat  where green cover was p resen t  a t  p l a n t i n g .  

Severa l  successions o f  weed complexes have been noted i n  con t i nuous  no-
t i l l  p l o t s  i n  a h i g h  o r g a n i c  s o i l  b u t  no predominant spec ies .  Corn y i e l d  
i n  con t i nuous  n o - t i l l  p l o t s  has decreased by about  20% over  a f o u r - y e a r  
p e r  iod . 
Our f i r s t  a t t emp t  i n  I 978  t o  grow n o - t i l l  f l u e - c u r e d  tobacco was n o t  too 
s u c c e s s f u l .  N o - t i l l  tobacco i n  1979, p l a n t e d  i n t o  a good s tand o f  r y e  on 
r i d g e d  rows, y i e l d e d  t h e  same as conven t i ona l  p l a n t e d  tobacco. The grade 
index,  a measure o f  q u a l i t y ,  was much h i g h e r  fo r  t h e  n o - t i l l  tobacco as 
compared t o  conven t i ona l ,  e s p e c i a l l y  for  the  e a r l i e r  p r i m i n g s .  Weed c o n t r o l ,  
except  f o r  nutsedge, was s a t i s f a c t o r y  w i t h  paraquat  o r  g l yphosa te  a p p l i e d  
p r i o r  t o  t r a n s p l a n t i n g  and diphenamid o r  napropamide a p p l i e d  o v e r - t o p  a f t e r  
t r a n s p l a n t i n g .  T h i s  method o f f e r s  t h e  p o t e n t i a l  fo r  s o i l  e r o s i o n  c o n t r o l ,  
m o i s t u r e  conse rva t i on ,  l e s s  sand damage t o  smal l  seed l i ngs  and less  sand 
on t h e  tobacco leaves.  Work i n  1980 has expanded t o  f o u r  l o c a t i o n s .  

I n  p r e l i m i n a r y  s t u d i e s  i n  1979, corn  stands and y i e l d s  and s o i l  i n s e c t s  
were c o r r e l a t e d  w i t h  t ime  o f  k i l l i n g  the  smal l  g r a i n  cover c r o p .  Corn 
y i e l d e d  107 Bu/A when t h e  smal l  g r a i n  cover c rop  was k i l l e d  5 weeks b e f o r e  
p l a n t i n g  compared t o  61 Bu/A when t h e  cover c r o p  was k i l l e d  a t  p l a n t i n g .  
Wireworm damage a t  p l a n t i n g  was f i v e  t imes h i g h e r  a t  one l o c a t i o n ,  b u t  f o u r  
t imes l e s s  a t  t h e  o t h e r  l o c a t i o n  when the  cover was k i l l e d  e a r l y  compared 
to a t  p l a n t i n g .  There appeared to  be no a p p r e c i a b l e  d i f f e r e n c e  i n  f o l i a r  
i n s e c t  feeders  among t rea tmen ts .  S tud ies  w i l l  be con t i nued  for a t  l e a s t  
two more years  b e f o r e  d e f i n i t e  conc lus ions  can be drawn on t h e  i n f l u e n c e  of 
these f a c t o r s  on n o - t i l l  co rn .  

Weed Science Ex tens ion  

Our p r i m a r y  o b j e c t i v e  th rough our on- farm t e s t i n g  program has been to  
demonstrate h e r b i c i d e  programs for  n o - t i l l a g e  co rn  and soybeans. We have 
a l s o  found g r e a t e r  co rn  and soybean y i e l d s  where g lyphosate  was used t o  
c o n t r o l  t h e  smal l  g r a i n  cove r  c rop  r a t h e r  than paraquat .  The use o f  o r y z a l i n  
i n  s t a n d i n g  wheat o r  b a r l e y  f o r  n o - t i l l  doublecropped soybeans has been a 
success fu l  p r a c t i c e  p r o v i d i n g  l i n u r o n  or m e t r i b u z i n  i s  a l s o  a p p l i e d  a t  p l a n t ­
i n g .  We have i n i t i a t e d  t h r e e  t e s t s  t h i s  year t o  e v a l u a t e  johnsongrass c o n t r o l  
programs i n  conven t i ona l  v s  n o - t i l l a g e  p l a n t e d  corn .  Glyphosate was a p p l i e d  
i n  t h e  f a l l  to  c e r t a i n  p l o t s  and g lyphosate  a p p l i e d  i n  row  w i c k  a p p l i c a t o r s  
w i l l  be used d u r i n g  the  growing season. 
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Advantages of minimum t i l l a g e  over conven t iona l  t i l l a g e ,  which may 
i n c l u d e  improved s o i l  and water conse rva t ion ,  inc reased  y i e l d s ,  more 
e f f i c i e n t  t i m e  and l a b o r  u t i l i z a t i o n ,  and reduced energy i n p u t ,  may b e  
augmented o r  compromised by t h e  effects of t i l l a g e  o p e r a t i o n s  on t h e  
development of  p l a n t  d i s e a s e s .  Few d e t a i l e d  s t u d i e s  have been conducted 
on t h e  i n f l u e n c e s  of minimum t i l l a g e  on popu la t ions  of p l a n t  pathogens 
o r  on d i s e a s e s  caused by v i r u s e s ,  f u n g i ,  and nematodes ( 1 , 2 , 4 , 5 , 6 , 8 ,  
1 2 , 1 4 ) .  

S t a l k  ro t  of g r a i n  sorghum caused by Fusarium spp. was reduced and g r a i n  
y i e l d  w a s  inc reased  under minimum t i l l a g e  as compared t o  conven t iona l  
t i l l age  i n  each of 3 y e a r s  of a s tudy  by Doupnik et  a l .  (6 ) .  The i n c i­
dences i n  wheat t a k e- a l l ,  caused by Gaeumannomyces graminis ,  and of 
eyespot  or f o o t r o t ,  caused by Cercospore l l a  h e r p o t r i c h o i d e s ,  were lower 
a f t e r  several y e a r s  under minimum t i l l a g e  as compared t o  conven t iona l  
t i l l a g e  ( 2 , 4 ) .  Although d i f f e r e n c e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
t h e r e  were t r e n d s  of h i g h e r  i n c i d e n c e s  of maize c h l o r o t i c  dwarf and maize 
dwarf mosaic v i r u s e s ,  g r e a t e r  d i s e a s e  s e v e r i t y ,  and lower y i e l d  i n  mini-
mum t i l lage  than i n  conven t iona l  t i l l a g e  p l o t s  (1). Examples of  d i s e a s e s  
t h a t  have been observed t o  b e  problems i n  minimum t i l l a g e ,  i n c l u d e  g ray  
l e a f  s p o t  of  corn ,  caused by Cercospora zeae-maydis, and an th racnose  of  
corn ,  caused by Col le to t r i chum gramin ico la  (8). Informat ion i s  n o t  
a v a i l a b l e  on t h e  e f f e c t s  of minimum t i l l a g e  on t h e  development of p l a n t  
d i s e a s e s  caused by nematodes; however, g r e a t  d i f f e r e n c e s  i n  popu la t ions  
of p l a n t  pathogenic  nematodes have n o t  been a s s o c i a t e d  wi th  t i l l a g e  
p r a c t i c e s  ( 1 , 5 , 1 2 , 1 4 ) .  With one excep t ion  ( l ) , t h e s e  s t u d i e s  have only  
cons ide red  an i n d i v i d u a l  o r  c l o s e l y  r e l a t e d  p l a n t  pathogens. 

S ince  popu la t ions  of microorganisms i n t e r a c t  i n  s o i l  and t i l l a g e  
p r a c t i c e s  w i l l  have d i r e c t  and i n d i r e c t  e f f e c t s  on any given p l a n t  
pathogenic  microorganism, i t  i s  important  t o  moni tor  as many of t h e s e  
i n t e r a c t a n t s  as p o s s i b l e  and t o  determine t h e i r  i n f l u e n c e s  on each o t h e r  
and on crop production.  T h i s  s tudy  w a s  i n i t i a t e d  t o  e v a l u a t e  t h e  effects  
of minimum t i l l a g e  on p o p u l a t i o n s  of f u n g i  and nematodes i n  v e t c h ,  which 
w a s  grown a f t e r  sorghum, and oats ,which were grown a f t e r  soybeans. It  
is in tended  t o  provide  background in fo rmat ion  f o r  more d e t a i l e d  s t u d i e s  
on t h e  e f f e c t s  of mul t i c ropp ing  and minimum t i l l a g e  on p l a n t  pathogenic  
f u n g i  and nematodes as w e l l  as on b e n e f i c i a l  organisms such as  endo­
mycor rh iza l  f u n g i  ( l l ) ,  ac t inomycetes ,  and b a c t e r i a .  
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Ga l l aher  is Associa te  P r o f e s s o r  of Agronomy; Univers i ty  of F l o r i d a ,  
G a i n e s v i l l e ,  FL 32611. 
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METHODS AND MATERIALS 

The f i e l d s  assayed i n  t h i s  s tudy  were maintained on t h e  Green Acres 

G a i n e s v i l l e .  Popu la t ions  of t h e  microorganisms were followed i n  v e t c h  
(Vicia vil losa) i n  t h e  f o u r t h  y e a r  of a vetch- grain  sorghum (Sorghum 
b i c o l o r  "DeKalb BR64") r o t a t i o n  and i n  o a t s  (Avena sativa " Flor ida  501") 
i n  t h e  f o u r t h  y e a r  of an oats- soybean (Glycine max "Cobb") r o t a t i o n .  
P l o t s  c o n s i s t e d  of f o u r  r e p e t i t i o n s o f  minimum o r  convent ional  t i l l a g e  
of each crop i n  randomized complete b lock des igns .  

I n  s t u d i e s  on v e t c h ,  g r a i n  sorghum r e s i d u e  w a s  harrowed t h r e e  times and 
30 pounds/acre of h a i r y  v e t c h  were p lan ted  w i t h  a d r i l l  i n  rows spaced 
7 inches  a p a r t  on 7 November 1979. Conventional  t i l l a g e  f o r  t h e  pre­
ceeding g r a i n  sorghum c o n s i s t e d  of two r o t o t i l l  passes  b e f o r e  p l a n t i n g  
i n  A p r i l  1979; g r a i n  sorghum w a s  p l a n t e d  d i r e c t l y  i n  t h e  v e t c h  s t u b b l e  
i n  t h e  minimum t i l l a g e  t r ea tments .  The v e t c h  w a s  topdressed wi th  
18-14-85-4-2 pounds/acre of N-P-K-Mg-S p l u s  30 pounds/ton of F r i t  503 
trace elements on 28 December 1979. Vetch d r y  matter y i e l d  w a s  d e t e r-
mined on 3 A p r i l  1980 by c o l l e c t i n g  growth on a 25 f t 2 area a t  random 
n e a r  t h e  c e n t e r  of  each 1125 f t 2 p l o t .  

I n  t h e  s t u d i e s  on o a t s ,  soybean r e s i d u e  w a s  l e f t  undis turbed on minimum-
t i l l a g e  oat- soybean sucess ion  p l o t s ;  convent ional  t i l l a g e  p l o t s  were 
prepared by two passes  w i t h  a harrow on 7 November 1979. Oats were 
p l a n t e d  i n  a l l  p l o t s  w i t h  a d r i l l  i n  rows spaced 7 inches  a p a r t  a t  144 
pounds/acre on 7 November 1979. One p i n t  of 2-4 D/acre was b roadcas t  
over  t h e  o a t s  on 27 December 1979 t o  c o n t r o l  w i n t e r  annual  broadleaf  
weeds. The o a t s  r ece ived  t h e  same f e r t i l i z a t i o n  as t h e  v e t c h  i n  Decem­
b e r  bu t  an a d d i t i o n a l  a p p l i c a t i o n  of 66 pounds of N/acre w a s  made on 
28 January 1980. O a t  g r a i n  y i e l d  was determined by h a r v e s t i n g  a 300 f t 2 

area from t h e  c e n t e r  of each 1125 f t 2 p l o t  i n  mid May 1980. 

F o r t y  random s o i l  samples from each p l o t  were bulked t o  provide  approx­
imate ly  2 kg of s o i l .  After thorough mixing,  p o r t i o n s  of each sample w e r e  
assayed f o r  v a r i o u s  microorganisms. For s o i l b o r n e  fung i ,  d i l u t i o n s  of 
s o i l  i n  w a t e r  of 1:5,000 (wt:vol) were d i l u t i o n- p l a t e d  i n  p o t a t o  dex t rose  
agar  con ta in ing  1 m l  of T u r g i t o l  NPX, 100 mg of  s t reptomycin  s u l f a t e  and 
40 mg of c h l o r t e t r a c y c l i n e  HC1 p e r  l i t e r  of medium (13). Pythium spp. 
from 1:25 d i l u t i o n s  of s o i l  i n  water were i s o l a t e d  on Difco cornmeal 
aga r  con ta in ing  10 mg p imar ic in ,  250 mg a m p i c i l l i n ,  10 mg r i f a m p i c i n ,  
and 100 mg pentachloroni t robenzene p e r  l i t e r  of medium (9) .  Bacteria 
and act inomycetes  were i s o l a t e d  from 1:1,000,000 d i l u t i o n s  of s o i l  i n  
water d i l u t i o n- p l a t e d  i n  0.3% tryp t i c- soy  a g a r  (10). Endomycorrhizal 
f u n g i  were assayed by wet- sieving 40g subsamples of s o i l  t o  c o l l e c t  
s p o r e s  and d e b r i s  as desc r ibed  by Gerdemann and Nicolson (7) ;  t h e  
s i e v i n g s  were then  c e n t r i f u g e d  i n  a 0.5 M sucrose  s o l u t i o n  and t h e  super-
n a t a n t  w a s  poured over a 230 mesh sieve (63% opening) t o  f u r t h e r  f r e e  
s p o r e s  from s o i l  d e b r i s .  Spores w e r e  then washed on to  a 15-cm P e t r i  
p l a t e  i n  10-15 m l  of  water and examined under a d i s s e c t i n g  microscope 
(20  t o  70X) t o  count and i d e n t i f y  spore  numbers f o r  each s p e c i e s  of 
mycorrhizal  fungus p resen t .  Nematodes were counted a f t e r  e x t r a c t i o n  from 
s o i l  by t h e  c e n t r i f u g a l- f l o t a t i o n  method of Caveness and Jensen ( 3 ) .  
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RESULTS AND DISCUSSION 

Although populat ions  of s o i l  fungi ,  bac t e r i a ,  and actinomycetes w e r e  h igher  
a t  harves t  than a t  p l an t i ng  and a l s o ,  except wi th  Pythium spp. o r  actino­
mycetes, were higher  i n  ve tch  than i n  o a t s ,  no s i g n i f i c a n t  d i f f e r ences  
appeared between populat ions  i n  s o i l s  under minimum o r  conventional 
t i l l a g e  (Table 1). Information is no t  ava i l ab l e  on t h e  in f luence  of mini-
mum t i l l a g e  on populat ions  of b a c t e r i a  and actinomycetes i n  s o i l ,  but 
they genera l ly  are of b e n e f i t  t o  crop p l a n t s  and i t  i s  s i g n i f i c a n t  i n  
t h i s  study t h a t  they were not  depressed by minimum t i l l a g e  p r ac t i c e s .  
Of t h e  1 ,658 so i l bo rne  fung i  i s o l a t e d  and i d e n t i f i e d  i n  a comparison of 
t h e  mycoflora of s o i l s  under minimum or  conventional t i l l a g e ,  Wacha and 
Ti f fany  (15) found only two spec i e s ,  Pen ic i l l ium velutinum and Rhizopus 
ol igosporus ,  t h a t  va r i ed  s i g n i f i c a n t l y  with t i l l a g e  t rea tments  following 
t h e  second year  of soybeans i n  a corn-soybean r o t a t i o n .  The predominant 
f ung i  reported i n  t h e i r  s tudy w e r e  s i m i l a r  t o  those observed i n  t h i s  
study. It is of s i gn i f i c ance  t h a t  Trichoderma spp.,  which are considered 
b e n e f i c i a l  because of t h e i r  r o l e  i n  t h e  decomposition of organic  matter 
and poss ib le  b i o l o g i c a l  c o n t r o l  of p l an t  pathogens, maintained higher  
populat ions  under minimum than conventional t i l l a g e  i n  t h i s  study. 

There were q u a l i t a t i v e  and q u a n t i t a t i v e  d i f f e r ences  i n  spec i e s  of mycor­
r h i z a l  fungi  present  on each sample d a t e  f o r  t h e  va r ious  crop and t i l l a g e  
treatments (Tab1e 2 ) .  There were cons i s t en t l y  higher  spore  numbers asso­
c i a t e d  with o a t s  after soybeans than wi th  ve tch  a f t e r  sorghum. Immediately 
a f t e r  crop harves t  (November sample), spore  numbers were higher  i n  con­
ven t iona l  than i n  minimum t i l l a g e  p l o t s ,  bu t  t he se  d i f f e r ences  d id  not  
p e r s i s t  i n  l a t e r  samples. Most spores  recovered were from spec ies  i n  t h e  
genus Gigaspora; o a t s  had t h r e e  times as many Gigaspora spores  as did ve t ch  
(Table 3 ) .  However, spores  from spec ies  i n  t h e  genus Acaulospora w e r e  
more abundant from ve t ch  than o a t  samples. Generally t h e r e  w e r e  more 
spores  from each genus i n  t h e  conventional t i l l a g e  than i n  t h e  minimum 
t i l l a g e  treatments.  However, t h e r e  w a s  cons i s t en t l y  h igher  r o o t  i n f e c t i o n  
i n  t h e  minimum t i l l a g e  than t h e  conventional t i l l a g e  p l o t s  (Table 3 ) .  
This would indicate that factors favoring root infection occur more with 
minimum than t h e  conventional t i l l a g e  p r ac t i c e s .  The importance of the  
p o s i t i v e  e f f e c t s  of minimum t i l l a g e  on b e n e f i c i a l  organisms such as 
endomycorrhizal fungi  and organisms an t agon i s t i c  t o  p l a n t  pathogens is 
obvious. Research is  needed on a r t i f i c i a l  i n f e s t a t i o n  of p l a n t  deb r i s  
under minimal t i l l a g e  systems wi th  organisms t h a t  w i l l  p r o t e c t  t h e  host  
p l an t s .  

Populations of most of t h e  f i v e  nematodes examined i n  t h i s  s tudy behaved 
s i m i l a r l y  under minimum t i l l a g e  and conventional t i l l a g e  (Table 4 ) .  
Because of extreme v a r i a t i o n s  i n  numbers of nematodes wi th in  r e p l i c a t e  
samples, s t a t i s t i c a l  d i f f e r ences  were no t  observed. Ring nematodes 
appeared t o  occur i n  lower numbers i n  ve tch  under minimum t i l l a g e  than 
under conventional t i l l a g e ,  but  populat ions  appeared t o  be s l i g h t l y  higher  
i n  o a t s  under minimum as compared t o  conventional t i l l a g e .  Root l e s ion  
nematodes a l s o  gene ra l l y  were s l i g h t l y  more numerous i n  o a t s  under minimum 
as compared t o  conventional t i l l a g e .  The t o t a l  numbers of nematodes were 
influenced by the  high populat ions  of r i ng  nematodes i n  ve tch  and of r i n g  
p lu s  l e s ion  nematodes i n  oa t s .  Populations of l e s ion  nematodes, Praty­
lenchus zeae and of s p i r a l  nematodes, Helicotylenchus spp. ,  i n  corn 
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were not  inf luenced by methods of t i l l a g e  (1), bu t  Corbet t  and Webb (5) 
found t h a t  popu la t ions  of Pratylenchus  minyus and o t h e r  migratory p l a n t  
p a r a s i t i c  nematodes were reduced i n  wheat under minimum t i l l a g e  when 
compared t o  convent ional  t i l l a g e .  Southards (12) and Thomas ( 1 4 )  have 
demonstrated t h e  s i g n i f i c a n c e  of m u l t i p l e  seasons  of study and v a r i a t i o n  
of t i l l a g e  t r ea tments ,  respectively, in the evaluation of t h e  e f f e c t s  of 
t i l l age  on nematode populat ions .  D i r e c t  p l a n t  damage by nematodes, as 
w e l l  as i n d i r e c t  damage due t o  i n t e r a c t i o n s  w i t h  o t h e r  microorganisms, 
w i l l  b e  important  f a c t o r s  i n  t h e  f u t u r e  development of minimum t i l l a g e ;  
i t  is important  t h a t  d i s e a s e  and n o t  j u s t  populat ion dynamics be eval­
uated c r i t i c a l l y  over m u l t i p l e  seasons  i n  d i v e r s i f i e d  s o i l s  and c l imates .  

No s i g n i f i c a n t  d i f f e r e n c e s  w e r e  observed i n  t h e  frequency of i s o l a t i o n  
of f u n g i  from r o o t s  of v e t c h  o r  o a t s  grown under minimum o r  convent ional  
t i l l a g e  (Table 5 ) .  P l a n t  d i s e a s e  symptoms were no t  apparen t  under e i t h e r  
t i l l a g e  system. No s i g n i f i c a n t  d i f f e r e n c e s  occurred i n  y i e l d s  of v e t c h  
from minimum t i l l age  (1975 pounds/acre) and convent ional  t i l l a g e  (2095 
pounds/acre) p l o t s .  Although d a t a  f o r  t h e  y i e l d  of o a t s  w e r e  no t  
a v a i l a b l e  a t  t h e  time of w r i t i n g ,  y i e l d s  were s i g n i f i c a n t l y  g r e a t e r  
(P=0.05) i n  1979 under minimum t i l l age  (62 bushe l s /ac re )  than  under 
convent ional  t i l l a g e  (53 bushe l s /ac re ) .  

The r e s u l t s  of t h i s  pre l iminary i n v e s t i g a t i o n  i n d i c a t e  t h a t  a f t e r  3 y e a r s  
of mul t icropping vetch- grain  sorghum and oats- soybeans, p l a n t  d i s e a s e s  d i d  
n o t  become s e r i o u s  hindrances  t o  v e t c h  o r  o a t  product ion under minimum 
t i l l a g e  i n  n o r t h  F l o r i d a .  Fu ture  s t u d i e s  must develop a comprehensive 
unders tanding of t h e  i n t e r a c t i o n s  of v a r i o u s  organisms i n  crop develop­
ment under minimum t i l lage.  

1. 


2. 

3 .  

4. 

5. 

6. 
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TABLE 1. Populations of soilborne in soil planted with vetch or oats 
under minimum or conventional tillage

Propagules of Microorganism/g of soil 
Vetch Oats 

Oct. 1979 April 1980 Oct. 1979 April 1980 
Organism Min. Con. Con. Min. Con. Min. Con. 


Pythium spp. 104 105 116 140 56 59 160 159 

Fusarium spp. x 3 3.9 3.2 17 .8  14 .3  1 . 9  1 . 6  2 . 3  3 . 1  

Trichoderma spp. x 10' 1.7 1 . 0  9 .0  6 . 1  0 .8  1 . 3  3.3 1 . 7  

3Penicillium spp. x 10 3.2 4 . 1  6.3 4 .0  1 . 4  0 .7  3 .3  4 . 1  

Other fungi x 3 16 .8  17.4 4.8 20.0 1 1 . 8  1 3 . 3  1 .6  1.7 

Total fungi x 3 26.3 26.8 83.4 81.0 1 6 . 3  1 7 . 1  74.0 80 .0  

Total bacteria x 106 1 3 . 1  8 .7  32.8 32.1 7 . 3  9.2 15.0 16 .4  

Total Actinomycetes x 0.7  0 . 8  1 . 5  1 . 6  1 . 9  1 . 2  2 .8  2.9 

5' 	 Minimum and conventional tillage plots were maintained for 3 years of 
multicropping; vetch followed g r a i n  sorghum and oats followed soybeans. 
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Table 2. E f f ec t  of minimum and conventional t i l l a g e  p rac t i c e s  on t h e  
spore  numbers of vesicular- arbuscular  mycorrhizal fungi  per  gram of 
s o i l  a t  f i v e  month sample dates .  

Spores/g of s o i l  a t  sample da t e  
Crop and 1979 1980 

November December January February March 
Oat s-soybean Mean 
Minimum 2.98 4.01 3.72 2.24 3.06 
Conventional 4.48 2.53 3.69 3.02 3.31 3.49 
Vetch-sorghum 
Minimum 1.52 1.38 1.55 1.75 1.29 1.50 

2.21 1.12 1.65 1.25Conventional - 0.99 - - - 1.44 

Mean 2.64 1.97 2.59 2.54 2.02 
and conventional t i l l a g e  p l o t s  were maintained f o r  3 years  of 

multicropping; vetch followed g ra in  sorghum and o a t s  followed soybeans. 
numbers of  spores  per  gram of s o i l  from four  r e p l i c a t e  samples. 

Table 3 .  Effect of minimum and conventional t i l l a g e  p r a c t i c e s  on t h e  
incidence of vesicular- arbuscular  mycorrhizal fungi  i n  s o i l  and- i n  roo t s  
of ve tch  and oa t s .  

Mean numbers of spores/kg of s o i l  of Root coloni-
Crop and four  genera of mycorrhizal fungi  z a t i on  by mycor-

Gigaspora Acaulospora Glomus Sclerocys tis r h i z a l  f ung i  
- (%)
Minimum 35 53 7 9 

Conventional 480 88 27 8 2 

Vetch 

Minimum 104 129 20 2 38 

Conventional 9 1  124 26 3 18 


and conventional t i l l a g e  p l o t s  were maintained f o r  3 years  of 
vetch followed g ra in  sorghum and oats  followed soybeans. 

spores  from f i v e  monthly samples of 4 r e p l i c a t e s  pe r  
t reatment .  

m l t i c ropp ing ;  
z7Mean numbers of 

.... 

. 




TABLE 4 .  Populations of plant pathogenic nematodes in soil planted with vetch or oats under minimal or 
conventional tillage in north Florida. 

Number of cm 3 of Soil 
Root lesion Stubby Root Root knot Ring Dagger Total 

Sampling Date Crop Con. Min. Con. Min. Con. Min. Con. Min. Con. Min. Con. 
October 1979 Vetch 12 3 9 9 4 4 9 6 3 3 37 25 
November 1979 Vetch 8 9 20 21 1 17 1 4 4  297 30 16 173 360 
January 1980 Vetch 11 11 4 9 9 6 60 107 4 11 88 1 4 4  
February 1980 Vetch 3 2 2 3 0 0 59 86 0 0 64 91 
March 1980 Vetch 2 0 18 12 0 0 30 132 3 8 53 152 

October 1979 Oats 74 36 10 6 3 0 0 2 1 4 88 48 
November 1979 Oats 4 4  28 24 11 3 1 6 4  17 7 4 142 61 
January 1980 47 25 18 16 0 0 4 0  27 10 10 115 78 
February 1980 2 9 1 1 0 0 11 9 2 0 16 19 
March 1980 Oats 16 9 5 10 0 0 26 9 6 2 53 30 


Root lesion nematode = Pratylenchus brachyurus, stubby root nematode = Paratrichodorus christiei, 
r o o t  knot nematodes = eloidogyne spp., ring nematode = Macroposthonia ornata, dagger nematode = 
Xiphinema spp. 

Minimum and conventional tillage plots were maintained for 3 years of multicropping; vetch followed 
grain sorghum and oats followed soybeans. 

N 
N 
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Table 5. Frequency o f  i s o l a t i o n  o f  f u n g i  from r o o t s  of v e t c h  o r  o a t s  
grown under minimum o r  conven t iona l  t i l l a g e .  

Frequency o f  i s o l a t i o n  o f  
Vetch Oats 

Minimum Conventional  Minimum Conventional  
Fungus T i l l a g e  T i l l a g e  T i l l a g e  T i l l a g e  

Pythium spp.  100 100 100 100 

Pusarium spp. 74 aa 90 

Trichoderma spp.  65 63 63 60 

Penicillum spp.  68 50 60 55 

A s p e r g i l l u s  spp.  3 3 5 5 

Curvu la r i a  spp.  5 10 0 3 

Rhizopus sp.  3 15 5 0 

d i s i n f e s t e d  r o o t s  w e r e  p l a t e d  on p o t a t o  d e x t r o s e  a g a r  con ta in­
i n g  200 mg o f  s t r e p t o m y c i n / l i t e r  o f  medium; d a t a  p r e s e n t e d  as % of p l a n t s  
w i t h  r o o t s  i n f e c t e d  (20 r o o t  sys tems /p lo t  c o l l e c t e d ) .  



Seeding and Reseeding of Cool-Season Forages in North Florida 


G. M. Prine1 

Introduction 


Cool-season forages are seeded on temporary pastures or  perennial summer 
grass sods during the fall in North Florida. Growing of cool-season 
legumes in temporary o r  sod pastures became a lost art during the period 
of low-priced nitrogen during the 5O's,60's and early 70's. The purpose 
of this paper is to establish some of the fundamental rules for successful 
seeding and reseeding of small-seeded, cool-season grasses and legumes. 

Seeding on Temporary Pastures 


The earliest and most growth from a temporary cool-season pasture occurs 
when the crops are planted on a well-prepared seedbed. If the soil is 
turned and harrowed and good rainfall occurs it is possible to plant in 
early October in North Florida. The best mixtures are small grains, rye 
grass and one of the clovers either arrowleaf, crimson, sub, red or  white. 
Steps for successful planting of cool-season temporary pastures are: 

1. Do not plant until soil surface is moist and soil reservoir is filled 
with water. Seeding when soil is only wet to shallow depths can lead 
to disaster if drought follows seeding. If irrigation is available 
it is usually best to irrigate before seeding because this decreases 
the chance of damping off disease. Irrigation o r  rainfall prior to 
seeding also prevents the loss of legume inoculation, a problem when 
planting into hot, dry soil. 

2. Lime and fertilize prior to seeding or  band fertilizer at planting. 

3 .  Seed should be planted at proper depth according to their size. 

4. Firm soil around planted seeds. Good contact between soil and seed 

is essential to insure proper germination. 


5. 	Check planting often for insect damage particularly from mole crick­
ets and fall armyworm. It will be necessary to apply insecticides in 
some seasons. 

6. Apply up to 60 pounds of N per acre to small grains-ryegrass-legume
mixtures at seeding o r  when legume seedlings are out of the cotyledon 
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stage. Apply no N to pure legume plantings. If growth of grasses 
falters in December, apply 300 pounds/acre of 15-0-15 fertilizer. 
The potash helps the legumes as well as the grasses. 

7. Graze the new planting lightly if weeds or small grains are shading 
out clover and ryegrass. Do not let livestock stay on the new 
planting f o r  more than a few hours at a time. Refrain from grazing 
as soon as the taller shading plants are eaten off. 

8. Do not overgraze the cool-season pasture. This is probably the 

greatest fault in the management of cool-season pastures. Temper­

atures are cold, days are short, and light intensities are low during 

winter; so growth rates are low. Feed is scarce and the manager 

grazes his cool-season forage too closely, lowering the pasture 

productivity and often creating a longer forage deficit period than 

is necessary. Supplemental feed is necessary during the winter 

months to help prevent the need for overgrazing of cool season 

pastures. 


Seeding of Legumes on Pasture Sod 

When planting small-seeded legumes on pasture sod which has never been 

planted in legumes, it is desirable that all precautions are taken to 

insure a good stand of inoculated seedlings. The following steps are 

suggested: 


1. Wait to plant until summer perennial grass is dormant frost or min­
imum temperatures of 50° F or lower can be expected on most days. 
This usually occurs about November 1 in North Florida. The summer 
grass top growth can also be killed by herbicides if earlier plant­
ings are desired. Early plantings are preferable f o r  successful 
forage production, but hazards are high for early planting in North 
Florida. 

2. There should not be a large quantity of summer grass topgrowth avail-
able. This should be grazed or cut before seeding the winter crop. 
Burning this top growth before seeding is excellent if practiced. 

3 .  	Apply the needed dolomite lime several months prior to seeding 
1egumes. 

4 .  	Fertilize with 300 to 500 pounds/acre of 0-10-20 (N-P 0 - K  0) fer­
tilizer just prior to seeding legume. Also apply minor 
elements if needed. 

5 .  	Some scarification of soil surface is necessary when seeding legumes.
In broadcast plantings this may be disc harrowing but the sod seeders 
which till soil, place seed and pack are desirable. Banding fer­
tilizer and seed is excellent. Some damage to the summer grass is 
usually necessary in seeding operation but drastic damage should be 
avoided o r  recovery will be poor the following spring. 
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6. Seed should be inoculated with two o r  more times the amount of spec­
ific inoculant for the particular legume planted and a sticker-
coating system is recommended. We have had excellent results with the 
PELINOC coating system. Inoculation is the most important planting 
step. All precautions to prevent death of the inoculant bacteria 
should be taken. 

7, 	Plant the highest recommended seeding levels fo r  each crop alone or  
in mixture. The legume should be seeded at least 60% of the pure 
stand seed recommendation when planted in a mixture with grasses). 
The small grain and/or ryegrass in legume mixtures should be planted 
at 50% o r  less of the pure stand planting rate. 

8. Plant in moist soil following rainfall which saturates the soil over 

6 inches deep. This promotes both rapid seed germination and pro­

tects the inoculant bacteria which often die in dry sand. Neither 
clover o r  ryegrass do well on droughty, excessively-drained sandy 
soils, unless irrigated. 

9. Do not apply N to any grasses planted with legumes until a killing 
frost or until legume seedlings have passed the cotyledon stage. Do 
not apply N unless cool-season grasses are present. 

10. Light grazing of the new plantings is helpful if warm season peren­
nial grass is shading out legumes. Only allow livestock to graze new 
plantings a few hours each time. Do not let livestock stay on new 
planting continuously o r  they will pull up and trample too many young 
seedlings. 

Reseeding Annual Forage Crops on Pastures 


The most efficient method o f  seeding many cool-season, small seeded annual 
legumes is not to seed them but to let them reseed or volunteer. The 
annual legumes; arrowleaf, rose, crimson, subterranean, and Persian clo­
vers, big-flowered vetch, and serradella; contain cultivars capable of 
reseeding. White and red clovers act as annuals in the south and many 
cultivars will reseed. 'Florida Reseeding' ryegrass also has the ability 
to volunteer if managed properly. Seeds of all the above crops have some 
protective mechanism which allows them to lie dormant during the summer 
months and germinate in the fall. By taking advantage of the seeds' 
ability to survive the summer, we could grow these valuable legumes on 
many millions of acres which now have no crops during the winter and 
spring. 

There are three rules fo r  successful reseeding of these cool-season crops. 

1. The first rule is to make an excellent supply of seed every season, 
particularly the seeding season. It may take a seed crop of 200 
pounds of seed to be the equivalent of 10 pounds of seed planted in 
the normal manner. Some seed will be eaten-by various animals, o r  be 
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attacked by various micro-organisms, others will not germinate be-
cause of various dormancies, and some may be washed away by heavy 
rains. So only a low percentage of seed will survive and germinate. 

2. The second rule is to graze, mow or  otherwise maintain a short 
perennial warm-season grass sod during the fall months when seed-
lings are germinating. In many cases some scarification of soil 
surfaces such as light harrowing is helpful. Close grazing by live-
stock is the best way to maintain this short sod. 

3 .  	The third rule is to apply fertilizer and lime to provide maximum 
benefit to the cool-season crop. This often means all the fertilizer 
is applied in fall of year. No nitrogen is needed unless the cool-
season crop contains a cool-season grass in addition to legumes.
Nitrogenous fertilizer, up to 60 pounds/acre N, may be applied in 
fall to boost growth of grasses such as ryegrass. 

Reseeding Ryegrass. Most cultivars of Italian ryegrass (Lolium 

multiflorum) reseed to some degree. The release of "Florida Reseed­

ing" ryegrass in 1978 gives a ryegrass cultivar with a higher per­

centage of summer-dormant seed and better volunteering than other 

adapted cultivars. This greatly increases the potential of having 

both a volunteering annual grass and legume on perennial grass 

pasture sods. Grazing must be deferred on ryegrass during seeding if 

it is to make a satisfactory seed crop for successful reseeding. The 

reseeding ryegrass should be grown in mixture with a reseeding legume 

such as arrowleaf, crimson, subterranean, rose, white and red clover, 

vetches, and serradella. The deferred grazing often enhances the seed 

reproduction of the legume as well as the ryegrass. 


The approximate time of flowering and periods when grazing should be 
deferred on Florida Reseeding ryegrass and a number of reseeding 
legumes is shown in Figure 1. By planting several legume-ryegrass 
mixtures in different pastures it is possible to maintain a high 
level of seed production and still have grazing at the same time. 
For example, crimson and sub clovers, and Florida Reseeding ryegrass 
will start seed production if grazing is deferred about April 10. 
Seed will be approaching maturity in these crops in early May. 
Arrowleaf, southern red and white clovers make excellent growth
during month of April and many cultivars begin flowering profusely in 
early May. Florida Reseeding ryegrass will still reseed satisfac­
torily if grazing is deferred by the end of first week in May. If 
reseeding crimson and/or sub clovers-ryegrass mixtures are planted on 
about 1/2 of the pasture acreage and grazing deferred from about 
April 10 to May 7, this part of pasture should successfully reseed. 
The livestock can be heavily stocked on the arrowleaf and/or red 
and/or white clover-ryegrass mixtures during the April 10 to May 7 
period when they are most productive. The livestock can be returned 
to crimson and/or sub clover-ryegrass pastures about May 7. The 
clover and ryegrass stubble and young growth of the perennial grass 
have produced a lot of forage during deferred grazing which can carry 
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the live-tock while the grazing is deferred on the arrowleaf, red, or 
white clover pastures. When the ryegrass seeds begin to shatter, then 
grazing can be resumed on these pastures also. In some seasons 
drought may tend to reduce forage supply and the deferred grazing 
scheme often becomes untenable. It may be necessary to scarifice the 
seed crop on part of the pasturage because all growth is needed for 
grazing. In this case, try to make a seed crop with the legume since 
the ryegrass seed is usually relatively cheap. If both legume and 
ryegrass seed crops are lost it may be necessary to replant. How-
ever, if the legumes have reseeded on the area for several prior 
years, scarification of the soil surface by harrowing or  some other 
means will often bring enough seed to surface for a satisfactory 
volunteer crop. The scarification can take place at time of plan­
ting for the ryegrass which must be replanted if little o r  no seed is 
produced. 

At Pine Acres Research Ranch near Citra, FL we have had 80 acres of 

rye-ryegrass-legume mixtures on Suwanee bermudagrass sod for several 

seasons. The rye and ryegrass are topseeded on short sod in October 

with a grain drill with small seed attachment following a disc harrow. 

A cultipacker follows the grain drill. Grazing is deferred a short 
time in April on sub clover and crimson clovers mixtures planted on 
one half the pasture acreage. The rye has already been grazed out. 
The ryegrass seed heads grow up during the short deferred grazing 
period (10 days to 2 weeks). When the cattle are returned they eat 
the ryegrass seed heads and leave most of the crimson clover seed 
heads which are relatively unpalatable. Sub clover can be grazed 
during seed production since seed production is not damaged by mod­
erate grazing. Grazing continues on arrowleaf clover pastures in the 
other half of  the acreage until late June. Because arrowleaf clover 
is the only winter plant still surviving in June, this clover is 
grazed so closely by cattle that seed production has usually not been 
as high as desired. When inadequate seed of a legume is produced in 
spring, we add some seed of that legume in the fall. By applying 60 
pounds/acre of nitrogen fertilizer to the rye and ryegrass in fall 
and irrigating to insure early establishment in October we have been 
successful in having cool-season pastures from mid-December until 
mid-June. 
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Fig. Seed production periods of various cool-season forage crops. marks the 
earliest period and L the latest period that grazing can be deferred on 
the crop and a good seed crop obtained. 



SUBSOILING: TILLAGE AND ENERGY 
IMPLICATIONS 

F. M. RHOADS AND D. L. WRIGHT1 

Til lage pans were identif ied and characterized in four Coastal Plain so i l  
ser ies  occurring throughout the Southeastern United Sta tes  (5 ) .  Depth to 
the pan was 11 t o  15 cm, pan thickness was 13 t o  14 cm, and r o o t  growth
within the pan was severely res t r i c t ed .  

Deep t i l l a g e  and deep placement of lime, f e r t i l i z e r ,  and nematicides have 
been tested on various cro 

10, 11, 127. 
a t  several locations w i t h  inconsistent r e su l t s  

(1, 2 ,  3, 6 ,  9, Subsoiling under the row increased seed cotton 
yields 41% b u t  bedding, deep placement of lime, and addition on a nematicide 
had no influence on yield (1). Subsoiling increased soybean yie lds  i n  7 of 
16 experiments, whereas, a nematicide increased yields in 10 o f  16 t e s t s  (6).
However, the  combined treatment of subsoil ing, plus a nematicide, increased 
yields s igni f icant ly  in 13 of 16 experiments (6 ) .  Subsoiling, in New Jersey,
w i t h  and w i t h o u t  deep placement of lime and f e r t i l i z e r  on a Collington sandy
loam s o i l ,  did not produce s igni f icant  yield increases of several vegetables 
( 2 ) .  However, residual ef fec ts  of subsoiling signif icantly increased water 
movement in to  t h i s  soi l  fo r  3 years a f t e r  the  l a s t  deep t i l l a g e  operation. 

In-row subsoiling before planting produced highest soybean yields i n  North 
Florida ( 7 ) .  Depth of rooting of corn was increased with subsoiling (8).
Response t o  subsoiling on sandy s o i l s  appears t o  be related more t o  increased 
nutr ient  ava i l ab i l i ty  t h a n  t o  avai labi l i ty  of water. Yield response t o  sub-
soil ing has been most consistent where under-the-row subsoiling was practiced. 

Energy requirements for  subsoiling are qui te  high and considerable savings
could be achieved i f  the subsoiling operation was not necessary every growing 
season. However, under normal t i l l a g e  operations the soi l  i s  recompacted each 
year and subsoiling i s  required on an annual basis for maximum crop yields.
There i s  a poss ib i l i ty  tha t  recompaction of the soi l  following subsoiling could 
be minimized under minimum t i l l a g e  production of crops. Avoiding travel 
over crop rows from the previous season w i t h  t i  11age implements and t r ac to r  
wheels should reduce soil  compaction. T h i s  can be accomplished w i t h  m i n i m u m  
t i l l a g e  operations where succeeding crops are planted d i rec t ly  i n  stubble rows 
of the  previous crop. 

T h i s  report  contains t e s t  r e su l t s  from experiments designed t o  measure the 
ef fec t  of soil-moisture content on resistance t o  soi l  penetration and the ef fec ts  
o f  a disc-harrow and a t r ac to r  wheel on soil compaction. Power requirements
fo r  s u b s o i l i n g  a t  different  levels  of soi l  penetrometer resistance were also 
estimated. 

METHODS 

Eight t i l l a g e  and compaction treatments were applied t o  three soi l  types d u r i n g
the winter of 1979-80. The s o i l s  were Orangeburg loamy f ine  sand, Norfolk loamy 

M. Rhoads, Professor of Soil Science, D .  L. Wright ,  Extension Agronomist,
AREC, University of Florida, R t .  3 ,  Box 638, Quincy, Florida 32351. 
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f ine sand, and Troup sand. All treatments were harrowed with an of fse t  
disc-harrow before t i l l age  and compaction treatments were applied. Treat­
ments were as follows: 1) no treatment, 2) subsoiled only, 3 )  subsoiled followed 
by one t r i p  with the of fse t  harrow, 4) subsoiled followed by two t r ips  with 
the harrow, 5) subsoiled followed by four t r ips  with the harrow, 6 )  sub-
soiled followed by one t r i p  with the t rac tor  t i r e  direct ly over the subsoiled 
furrow, 7)  subsoiled followed by two t r ips  with the t ractor  t i r e  as in no. 6 ,  
and 8) subsoiled followed by four t r i p s  with the t rac tor  t i r e  as in no. 6. 

Resistance to  penetration was measured with a recording penetrometer t o  a 
dep th  of two fee t  (60 cm). Four measurements were taken each time per t rea t­
ment and averaged. Soil-moisture content was measured with a neutron moisture 
probe when penetrometer measurements were made. 

Penetrometer measurements were taken t o  correspond t o  different  levels of 
soil-moisture content. 

Power requirements were estimated from the following equation: 

HP = PR x 14.5 x A x 3 mph x x 
3600 550 

where HP = horsepower
PR = penetrometer resistance in bars 

A = area of chisel point in square inches 
mph miles per hour 

These estimates may be s l ight ly  h i g h  since the angle of the chisel point w i t h  
respect to  direction of travel was n o t  considered. 

RESULTS AND DISCUSSION 

Soil moisture content has a s ignif icant  e f fec t  on resistance to  penetration
of the soil  profile. The t r a f f i c  pan i s  located i n  the top foot (30 cm) in 
most coastal plain so i l s  w i t h  a long history of cultivation. Therefore, 
the moisture content i n  the upper p a r t  of the soil  profile will have a pro­
nounced effect  on penetrometer resistance. Penetrometer resistance (PR) was 
reduced from 36 t o  18 bars in the top 30 cm of a Norfolk soi l  when the moisture 
content increased from 17.4% t o  20.6% (Fig. 1). This corresponds to  a power
requirement change of 25 HP per chisel or 100 HP for a four row subsoiler 
(Table 1). The change in moisture content corresponds t o  0.18% per bar of 
chanqe in PR. Similar resul ts  were observed in the Trour, soil  except the 
moisture change was much less ,  corresponding to .09% per bar change' in PR 
(Fig. 2 ) .  

From an energy viewpoint the most desirable moisture content fo r  subsoiling
i s  a t  f i e ld  capacity or when the soi l  f i r s t  becomes dry enough for  t i l l age
following ra infa l l .  I t  may be desirable t o  subsoil when the soil  i s  dry in 
order t o  shat ter  the t i l l a g e  pan as much as possible b u t  the increased yield 
response may not of fse t  the added cost of energy. A decrease in moisture con-
tent  in the Norfolk soil  of 3% below f i e ld  capacity would a b o u t  double the 
power requirement for  subsoiling. A decrease of only 1% moisture below f i e ld  
capacity would double the power requirement for subsoiling in the Troup soil .  
Furthermore, substantial yield increases have been observed in corn and soy-
beans as a resul t  of subsoiling when soi l  moisture content was near f i e ld  
capacity ( 7 ,  8). 
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Soi l  compaction has been a t t r i b u t e d  mainly t o  the  use of a disc-harrow, by 
many people. However, four  trips over a subsoil crevice with an o f f s e t  disc-
harrow recompacted the  s o i l  t o  a PR value of l e s s  than 5 bars (Fi
T h e  graph shows the depth of subsoil ing a t  about 14 inches (35 cm 3 ) .  the 
depth of the harrow a t  about 6 inches (15 cm). One t r ip  over a subsoiled 
crevice  w i t h  a t r a c t o r  t i r e  caused g rea te r  recompaction of the s o i l  than 4 
trips w i t h  a harrow (Fig. 4 ) .  Four trips over the  crevice with a t r a c t o r  
t i r e  recompacted the  s o i l  t o  r es i s t ance  l eve l s  of over 15 bars as measured 
w i t h  the recording penetrometer. There i s  a h i g h  probabi l i ty  t h a t  t r a c t o r  
t i r e s  will pass over the  subsoil c revice  th ree  o r  four  times during a s ing le  
year  where conventional t i l l a g e  is  used. T h i s  i s  why most growers have 
planters  at tached d i r e c t l y  behind the subso i l e r  chise l  i n  order t o  avoid 
recompaction of the  s o i l  between the subsoil ing and planting operation.
Minimum t i l l a g e  provides a way t o  avoid recompaction of s o i l  i n  the  subsoil 
s l i t  between crops s ince  the ,location o f  the rows from the previous crop 
a re  v i s i b l e  during the  p l a n t i n g  operation. Therefore, the t r a c t o r  operator  
can run t h e  t r a c t o r  wheels between rows and plant  d i r e c t l y  over the  subsoi ler  
s l i t  made f o r  the  previous crop. Perhaps as a r e s u l t  of this  p rac t i ce  the  
subsoil ing operation would only be necessary every o the r  year. T h u s ,  a 
s i g n i f i c a n t  savings of energy would be accomplished. 
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Figure Captions 


Figure 1. 	 Effect of soil moisture content on penetrometer resistance in a 
Norfolk soil. Average per cent moisture by volume i s  shown for 0 
to 30 cm and 30 to 60 cm for two separate observations. 

Figure 2. 	 Effect of soil moisture content on penetrometer resistance in a 
Troup soil. Average per cent moisture by volume is shown for 0 
to 30 cm and 30 to 60 cm for two separate observations. 

Figure 3.  	 Penetrometer resistance before subsoiling and in the subsoiler 
crevice before and after four trips with a disc harrow. 

Figure 4. 	 Effect of a tractor tire on recompaction of soil in the subsoiler 

crevice. 
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Penetrometer Resistance 
-Bars-

I
22.8% 

60 

Figure 1. 	 Effect  of s o i l  moisture content on pene­
trometer r es i s t ance  i n  a Norfolk s o i l .  
Average per cent  moisture by volume i s  
shown f o r  0 t p  30 cm and 30 t o  60 for 
two separa te  observations. 
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F igu re  2 .  	 E f f e c t  o f  so i l  mois tu re  con ten t  on penetrometer
r e s i s t a n c e  i n  a Troup s o i l .  Average pe r  c e n t  
mo i s tu re  by andvolume i s  shown f o r  0 t o  30 
30 t o  60 cm f o r  two separate observat ions.  
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PENETROMETER RESISTANCE - BARS 

10 


20 

I­& 30 

40 

50 

60 

I I I I 

FOLLOWED BY 
HARROW - 4 TRIPS 

ONLY 

I 
I 
I 
\ 
\ 

Figure 3 .  	 Penetrometer r es i s t ance  before subsoiling
and i n  the subsoi ler  crevice  before and 
a f t e r  four  trips w i t h  a d i s c  harrow. 
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Figure 4. 	 Effect of a tractor tire on recompaction

o f  soil in the subsoiler crevice. 
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Table 1. 	 Power required t o  pull a single subsoil 
chisel t h r o u g h  the soil w i t h  various 
levels o f  resistance t o  penetration a t  
a speed o f  3 miles per hour.  Chisel 
p o i n t  dimensions 2 inches by 6 inches. 

Penetrometer Horsepower
Resistance (bars) per chisel 

5 

10 14 


20 28 


30 42 


40 56 




Minimum T i l l a g e  of Corn i n  Perennia l  
A Three-year Study with Energy Impl ica t ions  

W. K. Robertson, R. N. Gal laher ,  and G. M. P r ine
2 

Minimum t i l l a g e  (of ten  termed n o- t i l l a g e  s i n c e  only a small f r a c t i o n  
of t h e  s o i l  i s  t i l l e d )  f o r  corn (Zea mays L.) was compared wi th  conven­
t i o n a l  t i l l a g e  (plowing, harrowing, and p l an t ing )  i n  Pensacola bahiagrass  
(Paspalum notatum Flugge) sod f o r  3 yea r s  on Scranton f s ,  a s i l i c e o u s ,  
thermic Humaqueptic Psammaquent. If y i e l d  r e t u r n s  were equiva len t ,  energy 
savings  would be important (2) .  

I n  1976, t h e r e  w e r e  no d i f f e r e n c e s  i n  corn y i e l d s  f o r  convent ional  
ve r sus  no- t i l l age  when rows were 45 cm apart .  When rows were 90 c m  apar t ,  
y i e l d s  w e r e  h ighe r  f o r  t h e  convent ional  method but  no t  a t  t h e  5% l e v e l  of 
p robab i l i t y .  Responses were t h e  same f o r  Funks G-4708 and Pioneer 3369A 
c u l t i v a r s .  

I n  1978, convent ional  t i l l a g e  w a s  compared wi th  no- t i l l age  wi th  and 
wi thout  s u b s o i l i n g  f o r  f o u r  corn c u l t i v a r s .  With subso i l i ng  t h e r e  were 
no y i e l d  d i f f e r e n c e s  between n o- t i l l a g e  and convent ional  bu t  methods of 
t i l l a g e  i n t e r a c t e d  wi th  subsoi l ing .  There w a s  a l a r g e  response t o  sub-
s o i l i n g  f o r  bo th  t h e  no- t i l l age  method and t h e  convent ional  method of 
t i l l a g e ,  b u t  g r e a t e r  f o r  no- t i l lage .  A s  a r e s u l t ,  t h e  no- t i l l age  method 
gave h ighe r  y i e l d s  than  t h e  convent ional  method under subsoi l ing .  

The y i e l d  responses,  over t i l l a g e  methods, f o r  subso i l i ng  were r e l a t e d  
t o  s tand .  Stands (p l an t s /ha )  were improved by s u b s o i l i n g  but  more s o  f o r  
no- t i l l age .  Forage y i e l d s  c o r r e l a t e d  wi th  g r a i n  y i e l d s  but  bahiagrass  re-
growth y i e l d s  a t  ha rves t  were b e t t e r  when corn y i e l d s  w e r e  low. This sug­
g e s t s  t h a t  t h e  b e t t e r  groundcover of t h e  h igher  y i e l d i n g  t rea tments  shaded 
out  undergrowth. 

T i l l a g e  methods d i d  n o t  a f f e c t  y i e l d s  i n  1979 al though subso i l i ng  
improved the p l a n t  populat ion.  

For t h e  t h r e e  yea r s  of t h e  experiments,  g r a i n  y i e l d s  f o r  no- t i l l age  
w e r e  s u p e r i o r  o r  as good as t h e  convent ional  method when narrow rows were 
used and t h e  s o i l  w a s  subsoi led  beneath t h e  row t o  35 cm. The need f o r  
s u b s o i l i n g  i n t e r a c t e d  wi th  season; i n  1978 t h e r e  w a s  a b e n e f i t  bu t  i n  1979 
t h e r e  was no e f f e c t .  

'Contribution from t h e  Univers i ty  of F lo r ida ,  Ga inesv i l l e ,  FL 32611. 
Jou rna l  Series -. Received 

S o i l s  Chemist, Aso. Agronomist, and Agronomist, r e spec t ive ly ,  Universi ty  
of F lo r ida ,  Ga inesv i l l e ,  32611. 
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The no - t i l l age  method of p l a n t i n g  row crops has  been widely adopted 
i n  many states. An except ion  is Flor ida .  Y e t  r e sea rch  has shown t h a t  i n  
most i n s t a n c e s  y i e l d s  could be  comparable t o  convent ional  methods i f  t h e  
b e s t  s t and  and row widths are adopted (3,4,5,6,7) .  Comparable y i e l d s  
would make t h e  no- t i l l age  method p r e f e r a b l e  because t h e  method o f f e r s  
a d d i t i o n a l  f l e x i b i l i t y  i n  p l a n t i n g  and savings  i n  t i m e ,  machinery, and 
energy over-the convent ional  method. The n o- t i l l a g e  p r a c t i c e  has been 
eva lua ted  by Gal laher  (1) and Robertson and P r i n e  (8) .  

METHODS 

In 1976, t h e  experiment w a s  a f a c t o r i a l  of two c u l t i v a r s :  Funks 
G-4708 and Pioneer  3369A; two methods of p l an t ing :  convent ional ,  which 
inc luded  r o t a t i l l i n g ,  harrowing, and p l a n t i n g  wi th  t h e  n o- t i l l  p l a n t e r  
and n o - t i l l  which had once-over wi th  t h e  n o - t i l l  p l a n t e r ;  and two row 
widths:  90 and 45 cm. Treatments were r e p l i c a t e d  fou r  t i m e s .  The n o- t i l l  
p l a n t e r  w a s  made by A l l i s  Chalmers and had t h e  s e r r a t e d  cou l t e r s .  It had 
at tachments  t o  apply f e r t i l i z e r :  880 kg/ha of 4-3.4-6.6 (N-P-K); carbofuran 
2,3-Dihydro-2, 2-dimethyl-7-benzofuranyl methylcarbamate; and l i q u i d  herbi­
c ides :  2-ch1oro-4-ethy1amino-6-isopropy1-amino-1,3, 5 - t r i az ine  ( a t r az ine )  
and N (Phosphonomethyl) g lyc ine  (glyphosate  o r  roundup). P l o t s  cons i s t ed  
of  6 r o w s ,  90 cm a p a r t ,  and 12.3 meters long. The 45 c m  row width w a s  
ob ta ined  by doubling back between t h e  90 c m  rows. 

I n  1978 and 1979, t h e  experiments w e r e  f a c t o r i a l s  of two s u b s o i l  treat­
ments: subso i l ed  t o  36 cm depth beneath row and a check; and 4 c u l t i v a r s :  
Funks G-4507, DeKalb XL18, DeKalb XL12, and Pioneer 3958, r e p l i c a t e d  4 times. 
P l o t s  cons i s t ed  of 6 rows spaced 76 c m  a p a r t .  A t  ma tu r i t y ,  g r a i n  y i e l d s  
were c a l c u l a t e d  at 15%moisture and s t o v e r  ( s t a l k s ,  less e a r s )  and under-
growth y i e l d s  on an oven-dry bas i s .  

I n  1978, corn  rece ived  900 kg/ha 4-3.4-13.3 (N-P-K) a t  p lan t ing .  
Carbofuran w a s  app l i ed  at  the  rate of 22 kg/ha bes ide  t h e  row and t o  c o n t r o l  
weeds glyphosate  and a t r a z i n e  werebroadcast over  t h e  s o i l  s u r f a c e  a t  t h e  
rate of 4 l i ters and 3 kg/ha ( a c t u a l ) ,  r e spec t ive ly .  About 30 days a f t e r  
p l a n t i n g ,  420 kg/ha of w a s  app l i ed  as a s idedress ing .  Following 
ha rves t  i n  middle August, 3 soybean [Glycine (L.)  Merr.] c u l t i v a r s ,  
' J u p i t e r , '  and 'Cobb,' and sunflowers  (Helianthus s p  'Sungrow 
380A') were p lan ted  wi th  t h e  n o- t i l l  p l a n t e r  fol lowing t h e  corn c u l t i v a r s  
t o  s tudy r e s i d u a l  e f f e c t s  of t i l l a g e  and subso i l i ng .  

On March 27, 1979, corn received 350 kg/ha of 4-3-17.5 (N-P-K) bes ide  
t h e  row and 3 kg/ha ( a c t u a l )  of a t r a z i n e  and of 2-chloro-2', 6'-diethyl-N­
(Methoxymethyl) a c e t a n i l i d e  (Alachlor) and 4 l i t e r s / h a  glyphosate  broadcast  
during t h e  p l a n t i n g  once-over operat ion.  Bahiagrass f r o s t e d  j u s t  before  
t rea tment  and s i n c e  t h e r e  w a s  a p o s s i b i l i t y  glyphosate  might not  work, we  
post  d i r e c t e d  1, l '-dimethyl-4, 4 '- bipyridinium ion  (paraquat)  a t  t h e  rate  
of 1 liter/ha on A p r i l  28. On May 11, t h e  corn  w a s  s idedressed  wi th  a mix­
t u r e  of 15-0-12.5 (N-P-K) and at  t h e  rate  of 350 and 420 kg/ha, 
r e spec t ive ly .  
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RESULTS AND DISCUSSION 

Corn g r a i n  y i e l d s  were not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  
of p r o b a b i l i t y  i n  1976 f o r  p l a n t i n g  t rea tments ,  c u l t i v a r s ,  o r  row width 
(Table 1 ) .  Conventional p l an t ing  w a s  somewhat b e t t e r  than  n o- t i l l  a t  t h e  
90-cm row width f o r  both c u l t i v a r s  but  t h e  d i f f e r e n c e  w a s  reduced consid­
erab ly  a t  t h e  45-cm row width. Probably t h e  c l o s e r  rows shaded out  under-
growth and reduced competit ion f o r  n u t r i e n t s  and water.  I n  succeeding 
y e a r s ,  75-cm rows were planted.  

The b e s t  response i n  1978 was f o r  subso i l i ng .  Both corn g r a i n  and 
forage  y i e l d s  were increased (Table 2). The h igher  fo rage  under subsoi l ­
i ng  crowded out  undergrowth so  t h a t  weed and bahiagrass  growth fol lowing 
subso i l i ng  was  lower than  t h e  check. The e f f e c t s  of t i l l a g e  methods over 
s u b s o i l i n g  and c u l t i v a r s  w e r e  not d i f f e r e n t .  Grain and fo rage  y i e l d  f o r  
Funks G-4507 and g r a i n  y i e l d  f o r  Pioneer 3958 w e r e  s i g n i f i c a n t l y  h igher  
than  DeKalb XL18 and XL12. C u l t i v a r s  d i d  not  a f f e c t  undergrowth. 

Although t h e  o v e r a l l  e f f ec t so f  t i l l a g e  methods were not  d i f f e r e n t ,  
they d id  i n t e r a c t  wi th  subsoi l ing .  The i n t e r a c t i o n  f o r  corn  g r a i n  y i e l d s  
i s  shown i n  Table 3 .  Without subso i l i ng ,  n o- t i l l  corn g r a i n  y i e l d  was 
s i g n i f i c a n t l y  lower than  convent ional ly- planted corn. However, wi th  sub-
s o i l i n g  n o - t i l l  corn g r a i n  y i e l d s  were h igher  than t h e  check. Probably 
s u b s o i l i n g  increased  r o o t  depth and access  t o  water and t h e  advantage was 
enhanced under n o- t i l l  p l an t ing  s i n c e  evaporat ion from t h e  r e s idue  covered 
s u r f a c e  w a s  reduced s o  t h a t  moisture supp l i e s  down t h e  p r o f i l e  were g rea t e r .  
Addi t iona l  b e n e f i t  f o r  subso i l i ng  was ev ident  i n  s t ands  (Table 4). Stands 
were s i g n i f i c a n t l y  h igher  f o r  subsoi led  corn compared t o  check but  methods 
of t i l l a g e  had l i t t l e  e f f e c t  on s tand.  Ears p e r  p l a n t  were not  a f f e c t e d  
by subso i l i ng  o r  p l a n t i n g  methods. 

Nu t r i en t  composition of t h e  corn s tove r  was not  a f f e c t e d  g r e a t l y  by 
s u b s o i l i n g  (Table 5 ) .  The d i f f e r e n c e s  i n  uptake t h a t  occurred (Table 6) 
were e s s e n t i a l l y  r e l a t e d  t o  y i e l d  d i f f e r e n c e s  (Table 2). Subsoi l ing  re­
duced t h e  uptake of n u t r i e n t s  i n  t h e  undergrowth because corn  grew b e t t e r  
and competed wi th  t h e  undergrowth f o r  n u t r i e n t s  and water. For methods 
of p l a n t i n g ,  uptake of n u t r i e n t s  i n  t he  undergrowth was b e t t e r  from t h e  
convent ional  t reatment  poss ib l e  because of t h e  composition of t h e  under-
growth. There were more weeds and less bahiagrass  f o r  convent ional  com­
pared t o  n o - t i l l  and s i n c e  undergrowth contained more n u t r i e n t s  fol lowing 
convent ional  p l a n t i n g ,  t h e  weeds must have been h igher  i n  n u t r i e n t s  than  
bahiagrass .  

Soybeans w e r e  p lan ted  l a t e  (August 15)  and y i e l d s  were low, averaging 
980 and 880 kg/ha f o r  ' J u p i t e r '  and 'UF V-1' c u l t i v a r s ,  r e spec t ive ly .  
'Cobb' soybeans and sunflowers gave no cons i s t en t  y i e lds .  There w a s  no 
r e s i d u a l  e f f e c t s  due t o  t i l l a g e  and subso i l i ng  on the  ' J u p i t e r '  and 'UF 
V-1' soybean y i e lds .  

I n  1979, low r a i n f a l l  i n  t h e  l a t t e r  s t a g e s  of growth reduced g r a i n  
y i e lds .  Subsoi l ing  and t i l l a g e  had no e f f e c t  on y i e l d  o r  ears per  p l an t .  
However, subso i l i ng  aga in  improved t h e  s tand .  There were almost 52,000 
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plants/ha f o r  t h e  subsoi led  beans compared t o  46,400 plants/ha on t h e  
check. Funks G-4507 had t h e  h ighes t  y i e l d  s i m i l a r l y  t o  t h e  1978 r e s u l t s ,  
bu t  Pioneer  3958 y i e lded  s i g n i f i c a n t l y  less than  Funks G-4507 as compared 
t o  1978 where y i e l d s  were about t h e  same. Yie lds  and uptake of N f o r  t h e  
s t o v e r  corresponded t o  g r a i n  y i e l d s .  The o v e r a l l  stover/grain y i e l d  r a t i o  
i n  1978 and 1979 w a s  1.84 and 1.58, r e spec t ive ly .  

I n  1976 and 1979, t h e  convent ional  pract ice  of p l a n t i n g  corn gave 
y i e l d s  no d i f f e r e n t  from t h e  n o- t i l l a g e  method. Since c o s t s  of p l an t ing  
by t h e  no- t i l l age  method are d e f i n i t e l y  lower (2), i t  fol lows t h a t  it 
would be  more economical t o  p l a n t  corn  by t h e  n o- t i l l a g e  p r a c t i c e .  

I n  1978,  corn y i e l d s  obta ined  from t h e  convent iona l  p r a c t i c e  was more 
than by no- t i l l age ;  4470 v s  3370 kg/ha, r e s p e c t i v e l y  (Table 3) .  The value 
of t h e  y i e l d  d i f f e r e n c e  (1100 kg/ha) would probably more than  make up f o r  
t h e  sav ings  i n  us ing  t h e  n o- t i l l a g e  compared t o  t h e  convent ional  method 
(2) .  However, when both methods had t h e  added pract ice  of subso i l i ng ,  
t h e r e  w a s  i nc reased  y i e l d s  f a r  both methods of p l a n t i n g  and t h e  inc rease  
w a s  enough g r e a t e r  f o r  n o- t i l l a g e  t h a t  i t  w a s  s u p e r i o r  t o  t h e  convent ional  
method; 5643 vs 5258 kg/ha, r e s p e c t i v e l y  (a 385 kg/ha y i e l d  d i f f e r ence ) .  

1. 

2. 

3.  

4 .  

5. 

6 .  
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Table 1.	 1976 corn  g r a i n  y i e l d  d a t a  t e s t i n g  row 
width and n o- t i l l a g e  on two c u l t i v a r s .  

C u l t i v a r s  t Average 
Treatments Funks G-4708 Pioneer  3369A over c u l t i v a r s  

Bows spaced 90 cm, kg/ha 

Conventional 4 5240 5130 

No - t i l l  4 4880 4360 

Rows spaced 45 cm, kg/ha 

Conventional 4 4730 5330 

No - t i l l  4 4800 5400 

Average over spac ing ,  kg/ha 

Conventional 4 4980 5 240 

N o  - t i l l  -4 4840 4880 

8 4910 5060 

5180 

4620 

5030 

5100 

5110 

4860 

'Funks G-4708 is  an early-maturing c u l t i v a r  and Pioneer  33698 is a medium 
maturing c u l t i v a r .  

of observa t ions .  
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Table  2.	 1978 y i e l d  d a t a  i n  n o- t i l l a g e  experiment 
on co rn  on Scranton f s .  

N' 
Y ie lds  

Treatments Corn g r a i n  Forage Undergrowth 

Subso i l i ng  
No 32 
Y e s  32 

T i l l a g e  
Conventional 32 4860 9090 2531 
No-till 32 4510 8130 2480 

Cu l t  ivars 
Funks G-4507 16  2620 
DeKalb XL18 16  2780 
DeKalb XL12 16  2410 
Pioneer  3958 16  2200 

'Number of observa t ions .  

'Values fol lowed by d i f f e r e n t  l e t t e r s  are d i f f e r e n t  a t  t h e  
5%l e v e l  of p r o b a b i l i t y .  
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Table 3 . 	 1978 corn g r a i n  y i e l d s  showing i n t e r a c t i o n  
between subso i l i ng  and n o- t i l l a g e  t rea tments .  

Subsoi l ing  P lan t ing  method 
t reatment  Conventional No- t i l lage  

NO 3370bB 

Y e s  5260 5640a 

followed by d i f f e r e n t  s m a l l  let ters i n  between 
columns and d i f f e r e n t  c a p i t a l  letters i n  rows are 
d i f f e r e n t  at  t h e  5% l e v e l  of p r o b a b i l i t y .  Data are 
averages over  f o u r  r e p l i c a t i o n s  and f o u r  c u l t i v a r s .  



148 


Table  4 . 	 1978 corn  p l a n t  popula t ion  and e a r s  
per  p l a n t  as a f f e c t e d  by n o- t i l l a g e  
and subso i l i ng .  

Treatments  Plants/ha Ears/plant 

S u b s o i l i n g  
No 32 0.91 
Y e s  32 60,200a 0.92 

P l a n t i n g  method 
Conventional 32 53,000 0.92 
No - t i l l age  32 53,800 0.91 

'Number of observa t ions .  

fol lowed by d i f f e r e n t  l e t t e r s  are d i f f e r e n t  
a t  t h e  5% l e v e l  of p r o b a b i l i t y .  



Table 5. 	 N u t r i e n t  composi t ion o f  co rn  s tove r  and undergrowth i n  
1978 as a f f e c t e d  by s u b s o i l i n g  and methods o f  p l a n t i n g .  

N 0.88 0.88 0.95 0.82 1.15 1.26 1.08 

P 0.23af 0.23 0.22 0.20 0.21 

K 0.59 0.60 0.56 0.63 .81 1.80 

Ca 0.10 0.11 0.10 0.11 0.95 0.89 1.48 0.36 

0.09 0.08 0.09 0.08 0.23 0.22 

cu 21 18 21 16b 

Fe 32 20 19 48 48 
Mn 22 24 119 118 126 1 1 1  

' Number o f  observa t ions .  

Values fo l lowed by d i f f e r e n t  l e t t e r s  i n  h o r i z o n t a l  rows t e s t i n g  s u b s o i l i n g  and methods of  
p l a n t i n g  f o r  s t ove r  and undergrowth, r e s p e c t i v e l y ,  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  the  5% 
l eve l  o f  p r o b a b i l i t y .  



Table 6. 	 Uptake o f  n u t r i e n t s  i n  corn s tove r  and undergrowth i n  
as a f f e c t e d  by s u b s o i l i n g  and methods o f  p l a n t i n g .  

N 90a 85a 66b 33a 26b 33a 26b 

P 16b 23a 21a 18b 6a 6a 

K 39b 62a 51 41a 52a 

Ca 7 12 9 9 26 22 39a 

6b 9a 6a 56 
cu 0.17 0.17 

Fe 0.14 0.18 0.17 0.15 

Mn 0.20 0.18 0.34 0.27 0.33 0.28 

'Number o f  observat ions.  

fo l lowed by d i f f e r e n t  l e t t e r s  i n  h o r i z o n t a l  rows t e s t i n g  subso i l  i ng  and methods o f  p l a n t i n g  
fo r  s tover  and undergrowth a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  5% l e v e l  o f  p r o b a b i l i t y .  



Table 7. y i e l d  data i n  n o - t i l l a g e  corn exper iment on Scranton f s .  

Gra in  Stover 

Treatments Nt y i e l d  an t  Y i e l d  N uptake 
-------

Subso i l i ng  

No 3200 461 0 49 
Yes 0.91 5610 56 

T i  lage 

Conventional 49,050 0.92 5060 

N o  - t i l l  3220 49 , 0.90 5160 54 

Cul t i v a r s  

Funks 16 47,200 0.87 

16 20b 48,850 0.89 

XL12 16 47,550 0.93 
Pioneer 16 53,190 0.94 

'Number o f  observa t ions .  

fo l lowed by d i f f e r e n t  l e t t e r s  a re  d i f f e r e n t  a t  t h e  5% l e v e l  o f  p r o b a b i l i t y .  



NO-TILLAGE VERSUS CONVENTIONAL TILLAGE CORN I N  
BAHIAGRASS SOD WITH SOYBEANS FOLLOWING 

R. L. STANLEY, JR. AND R. N. GALLAHER 

Perennial  grasslands occupy several m i l l i o n  acres i n  the  southeastern USA 

and a lso  occur on vas t  acreages i n  the  t rop i cs .  With proper management tech­

niques t h a t  are e f f i c i e n t  and a t  t he  same t ime conserve the land and o the r  

na tu ra l  resources, much o f  t h i s  area could be used f o r  g r a i n  production. Re-

search was i n i t i a t e d  a t  AREC Quincy w i t h  3 object ives:  (1)  compare conven­

t i o n a l  methods o f  s o i l  preparat ion and c u l t i v a t i o n  w i t h  n o - t i l l a g e  methods 

f o r  producing corn i n  Bahiagrass sod, (2 )  determine the  in f luence o f  the two 

prac t i ces  on soybean product ion f o l l o w i n g  t h e  corn, and (3 )  i d e n t i f y  l i m i t i n g 

factors i n  n o - t i l l a g e  corn product ion. 


Six  e a r l y  corn hybrids were p lan ted i n  a bahiagrass sod on 22 March, 1978. 

Seeding d i r e c t l y  i n t o  the  sod ( n o - t i l l a g e  p lan t i ng )  w i t h  a Brown-Harden Super

Seeder was compared t o  p l a n t i n g  on a prepared seedbed t h a t  inc luded t u r n i n g 

w i t h  a moldboard bottom plow and one d isk ing.  The Super Seeder was used t o  

p l a n t  both treatments. Rows were 30 inches wide and the  subso i le r  f e e t  ahead 

o f  the p lan te rs  were s e t  a t  14 inches deep. I n  a s i n g l e  pass over the  p l o t s 

app l i ca t i on  o f  an i nsec t i c ide ,  herbic ide,  and f e r t i l i z e r  was made w h i l e  sub-

s o i l i n g  and p lan t ing .  "Roundup" he rb i c ide  was broadcast a t  1/2 ga l l on  o f  

comnercial products per acre. Furadan was banded over t h e  row a t  20 pounds

c o m e r c i a l  product per acre. F e r t i l i z e r  app l ied  a t  p l a n t i n g  was 1000 lb/A 

o f  5-10-15 (N-P205-K20) w i t h  ammonium n i t r a t e  appl ied a t  450 lb/A when t h e  

corn was 24 inches t a l l .  Conventional t i l l a g e  p l o t s  were c u l t i v a t e d  once. 

I r r i g a t i o n  water was appl ied two times, bu t  f a c i l i t i e s  were no t  adequate t o  

i r r i g a t e  f o r  maximum y i e l d  p o t e n t i a l .  Sample rows were hand harvested on 19 

Ju ly .  A t  t h i s  t ime moisture i n  the  g r a i n  was i n  a range o f  26 t o  30%. 


Grain y i e l d s  are shown i n  Table 1 as bushels/A a t  15.5% moisture. The h ighest 

y i e l d i n g  hyb r id  f o r  both p lan t i ng  methods was Funk's G-4507. With t h i s  hyb r id 

t he  prepared seedbed resu l ted  i n  a y i e l d  increase o f  16 bushels/A over the  no-

t i l l a g e  treatment. A l l  hybr ids responded i n  a s i m i l a r  manner w i t h  y i e l d  d i f ­

ferences up t o  44 bu/A. The average increase o f  a l l  v a r i e t i e s  was 24 bushels/

A i n  favo r  o f  conventional land preparat ion.  


Cobb soybeans were p lanted behind the  corn on 26 J u l y  w i t h  the Super Seeder. 

Two quarts Lasso p lus 1 p i n t  Lexone and 10 pounds 1OG Furadan (not  l a b e l l e d )  

were app l ied  dur ing  the  p l a n t i n g  operat ion.  Roundup a t  1 gal lon/A was app l ied 

i n  a second t r i p  over the f i e l d .  A l l  soybeans were p lanted w i thou t  any til­

lage i n t o  the  conventional and n o - t i l l a g e  corn residue. Soybean y i e l d s  were low 

due t o  the  l a t e  p lan t i ng  date, s t i n k  bug damage, and sha t te r i ng  losses caused 

by excessive r a i n f a l l  a t  harvest  time. Average y i e l d  from n o - t i l l a g e  beans 

behind conventional t i l l a g e  corn was 15 bushels/A compared t o  9 bushels/A

behind the  n o - t i l l a g e  corn. 


R. L. Stanley, Jr., Associate Professor o f  Agronomy, AREC Quincy, R t .  3, Box 

638, Quincy, F l o r i d a  32351. R. N. Gal laher, Associate Professor o f  Agronomy,

Agronomy Research Support Lab, Wallace Bui ld ing,  Un ive rs i t y  o f  F lo r ida ,  

Gainesv i l le ,  F l o r i d a  32611. 
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The experiment was repeated i n  1979 w i t h  7 corn hybr ids p lanted on 14 March. 
Aatrex-Lasso-Paraquat (1-2.5-0.5 a. ./A) was broadcast a t  p l a n t i n g  w i t h  Fura­
dan banded a t  20 pounds per  acre. A t  p lan t ing ,  800 lb/A o f  7-14-21 (N-P2O5-
K20) was app l ied  w i t h  300 lb/A ammonium n i t r a t e  app l ied  on 20 A p r i l .  Conven­
t i o n a l  t i l l a g e  p l o t s  were c u l t i v a t e d  once. On 16 May Paraquat + Lorox (0.5 + 
1.0 a.i./A) was app l ied  post  d i r e c t e d  t o  a l l  p lo t s .  Supplemental i r r i g a t i o n  
was used t o  main ta in  a favorable moisture regime. Corn was harvested on 18-20 
J u l y  w i t h  g r a i n  moisture content 24 t o  30%. 

Corn g r a i n  y i e l d s  f o r  1979 are shown i n  Table 2. Funk's 6-4507 was again 
t h e  h ighest  producer. Whereas i n  1978 the  conventional method r e s u l t e d  i n  a 
16 bu/A increase over n o - t i l l  (Table 1),  i n  1979 the  n o - t i l l  method resu l ted  
i n  a 7 bu/A advantage w i t h  t h i s  h y b r i d  (Table 2).  DeKalb XL-12 a l so  produced 
a s l i g h t l y  h igher y i e l d  under n o - t i l l .  The o ther  hybr ids showed a s l i g h t
y i e l d  advantage f o r  t he  conventional method i n  1979. The average y i e l d
d i f f e r e n c e  i n  1978 (Table 1)  was 24 bushels per acre f o r  conventional versus 
n o - t i l l ,  w h i l e  i n  1979 (Table 2) the  average d i f f e r e n c e  was on ly  6 bushels 
per  acre. 

Cobb soybeans were p lanted f o l l o w i n g  corn harvest on 26 July. H a l f  t he  area 
was p lan ted i n  rows and h a l f  was d r i l l e d  us ing a g r a i n  d r i l l .  Lasso-Sencor-
Paraquat (1.5-0.5-0.5 a.i./A) was app l ied  t o  row planted beans w i t h  Paraquat
omi t ted  from the  d r i l l e d  beans which were p lanted on a d isked seedbed. On 
11 September, Paraquat a t  0.5 a . i . /A  was post- d i rec ted t o  soybeans i n  rows. 
The d r i l l e d  beans held the  weed compet i t ion t o  a des i rab le  l e v e l .  Soybeans 
were i r r i g a t e d  once on 17 December. A p l o t  combine was used t o  harvest  t h e  
soybeans. Moisture content  was 15 t o  18% a t  harvest.  

Soybean y i e l d s  f o l l o w i n g  conventional corn was 17 bushels per  acre, wh i l e  
y i e l d s  behind n o - t i l l  corn was 18 bushels per  acre. Yie lds o f  d r i l l e d  beans 
were no d i f f e r e n t  from those i n  rows. 

Results from these 2 years o f  research show t h a t  corn y i e l d s  o f  up t o  150 
bushels per acre can be r e a l i z e d  w i t h  n o - t i l l  p rac t ices  on Bahiagrass sod. 
Higher y i e l d s  might  be achieved by increas ing p l a n t  populat ions. I n  1979, 
p l a n t  populat ions were i n  the  range o f  18,000 t o  23,000 p lan ts  per acre. 
Current recommendations are f o r  30,000 p lan ts  per  acre f o r  i r r i g a t e d  corn. 
Obtain ing a uni form and cons is tent  stand has been a problem, and i f  t h i s  can 
be solved t o  g i v e  h igher  populat ions, y i e l d s  o f  up t o  200 bu/A might  be rea­
l i z e d .  Research i s  being continued w i t h  t h i s  o b j e c t i v e  i n  mind. 

Soybean y i e l d s  f o l l o w i n g  corn i n  these experiments have been low enough t h a t  
t h i s  p r a c t i c e  would probably no t  be p r o f i t a b l e .  

Use o f  t rade names i n  t h i s  p u b l i c a t i o n  i s  s o l e l y  f o r  t he  purpose o f  p rov id ing
s p e c i f i c  in format ion.  It i s  no t  a quarantee o r  warranty o f  product names 
and does no t  s i g n i f y  approval t o  the  exclus ion o f  others o f  s u i t a b l e  compos­
i t i o n .  
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Table 1. 	 Grain Yie lds o f  6 Corn Hybrids Seeded i n  a Bahiagrass Sod. AREC, 
Quincy - 1978. 

Hybr id Conv. - No-Ti 11-
Funk’s 6-4507 150 134 16 
Northrup King PX 20 
DeKalb XL 12 

131 
124 

87 
108 

44 
16 

Pioneer 3958 124 104 20 
DeKalb XL 18 116 91  25 
Pioneer 3965 114 88 26 

Avg . 126 102 24 

“Conventional T i l l a g e .  Turned w i t h  bottom plow and disked once before 
p l a n t i n g  w i t h  Brown-Harden Super Seeder. 

Planted d i r e c t l y  i n t o  sod w i t h  Brown-Harden Super Seeder. 

(+ o r  - ) o f  conventional over n o - t i l l .  
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Table 2. 	 Grain Y i e l d  o f  7 Corn Hybrids Seeded i n  A Bahiagrass Sod. AREC, 
Quincy - 1979. 

~ -

No-Ti11-Hybr id  Conv. -

funk ’s  150 
Grain 

157 - 7 
b XL-726 132 129 

Pioneer 3958 125 111 +14 
Northrup King PX 20 
DeKalb XL 18 

118 
111 

114 
96 +15 

Pioneer 3965 110 91 +19 
XL 12 102 107 - 5 

~-

Avg . 121 115 6 

T i l l a g e .  Turned w i t h  moldboard plow and d isked once. Seeded 
w i t h  Brown-Harden Super Seeder. 

Planted d i r e c t l y  i n t o  sod w i t h  Brown-Harden Super Seeder.

o r  o f  conventional over n o - t i l l .  




NO-TILLAGE IN FLORIDA FROM A FARMERS VIEWPOINT 

Danny Stephens 

INTRODUCTION 

I have been asked by D r .  Raymond Gallaher t o  g i v e  my views concern­
ing  minimum t i l l a g e  farming. A s  you read t h i s  p l e a s e  understand t h a t  
t h e s e  are my views f o r  our s i t u a t i o n  a t  this  p re sen t  time.  I do not  
i n t end  f o r  you t o  accept  s ta tements  w r i t t e n  i n  t h i s  a r t i c le  as abso lu t e  
f a c t  of receive t h e  impression t h a t  I  a m  making t h e  s ta tements  I make 
as  a b s o l u t e s  nor  t o  be  taken as s p e c i f i c  gu ide l ines  upon which to base 
your program. Read t h e s e  thoughts  of mine wise ly  as you would those  
of o the r s .  By t h i s  I mean, use what I s ay  only  to  in f luence  your think­
ing  as you cons ider  i f  t h i s  d i f f e r e n t  method of farming might f i t  i n  
your program. Again remember as you read ,  t h e  s ta tements  I make are 
simply my opinions now, some of which may have changed by t h e  t i m e  you 
read them. 

CONSIDERATIONS 

I have been a t tempt ing  t o  use a method of minimum t i l l a g e  f o r  seven years  

During that t i m e  I have made many mis takes  most of which were very  

c o s t l y .  I would adv i se  anyone cons ider ing  minimum t i l l a g e  t o  be  very  

c a r e f u l  i n  t h e i r  cons idera t ion .  This  is n o t  a new wr inkle  you can add 

t o  your convent ional  method. It i s  an  e n t i r e l y  d i f f e r e n t  approach t o  

farming and should be d e l t  wi th  as  such.  I do n o t  i n t end  t o  i n f luence  

anyone against minimum tillage, the opposite is actually true. It is my 

opinion t h a t  w i t h i n  the next  decade most farming ope ra t ions  t h a t  su rv ive  

w i l l  b e  centered  around some form of minimum t i l l a g e  mult icropping system. 

My reasons  f o r  making t h i s  s ta tement  are many, I w i l l  l i s t  a few. One-­

economically t h e r e  is no doubt t h a t  a w e l l  planned, w e l l  executed minimum 

t i l l a g e  system w i l l  produce more d o l l a r s  f o r  less d o l l a r s  inves ted .  This 

w i l l  be  recognized in  the form of less equipment needs, fewer man power 

hours per  acre, fewer acres needed t o  produce needed income because of 

higher  product ion  per  acre, less energy inpu t ,  and q u a l i t y  land gained t h a t  

would be  l o s t  from eros ion .  


Two - from a management s tandpoin t  I do not  t h i n k  t h a t  t h e r e  is any com­

parison.  Any system wi th  t h e  advantages p o s s i b l e  from minimum t i l l a g e  

over t h e  convent iona l  methods must be considered by t h e  farm managers i n  
bus iness  i n  the f u t u r e .  

Danny Stephens, Farmer, W i l l i s t o n ,  F lo r ida .  
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Three - morally  I be l ieve  i t  t o  simply be c lose r  t o  the  r i g h t  way t o  
farm. The more you study t h i s  system the  more it appears t o  be t h e  
way updisturbed na tu re  maintains and reproduces i t s e l f .  Also we  have 
t h e  moral ob l iga t ion  t o  conserve and wisely use  our resources.  With 
w e l l  planned systems of minimum t i l l a g e  and multicropping we  make use 
of and conserve a l l  resources. 

Four - when w e  consider s o i l  erosion from wind or  water,  minimum t i l l a g e  
can c u t  s o i l  l o s s  t o  almost zero. This l o s s  of a v a i l a b l e  s o i l  f o r  the  
production of food and f i b e r  and i n  t h e  f u t u r e  f u e l ,  must be stopped. 
W e  l o s e  much more productive s o i l  t o  erosion and uoban development i n  
our country every year than we gain. 

Five - I be l i eve  t h i s  system has more t o  o f f e r  i n  the  Southeast than any 
other  a rea  of our country, though I do be l i eve  some customized form can 
be used anywhere. Because of cl imate w e  can produce usable p lan t  energy 
year round. W e  can do th is  much more e f f i c i e n t l y  thnough minimum til­
lage  multicropping than through our conventional methods. One day I be­
l i e v e  w e  as farmers w i l l  be growing much of t h e  f u e l  t o  run our country. 
No other  sec t ion  of our country has the  cl imate so w e l l  su i t ed  t o  con­
tinuous production a s  here  i n  the  Southeast.  

PLANNING A H E A D  

Most of t h e  remainder of what I have t o  say w i l l  be geared t o  how I be­
l e i v e  a farmer should p lan  t o  grow a crop next  year using some form of 
minimum t i l l a g e  o r  minimum t i l l a g e  multicropping. This,  I w i l l  t r y  t o  
do i n  an order ly  sequence, or  i n  t h e  order  I th ink  things should be done 
beginning now and following through with the  crop. 

F i r s t  I be l ieve  w e  should be very honest with ourselves i n  pursuing the  
following question. Am I prepared and do I g e t  things done exact ly  when 
they should be done the  major i ty  of the  t i m e ?  I f  t h e  answer t o  t h i s  
quest ion is yes one w i l l  succeed with minimum t i l l a g e .  I f  the  answer i s  
no one w i l l  not  succeed. Timeliness (doing t h e  r i g h t  thing a t  t h e  r i g h t  
time) i s  probably the  b igges t  s i n g l e  f a c t o r  i n  farming. The timely farm­
er w i l l  succeed, t h e  untimely farmer w i l l  eventually f a i l .  Almost every 
f a i l u r e  I have ever experienced farming can be traced d i r e c t l y  t o  simply 
not  being ready t o  do the  job when i t  should have been done. I be l i eve  
t imel iness  becomes much more important i n  minimum t i l l a g e  and multicrop­
ping than i n  conventional farming. One of the  reasons  I say t h i s  i s  be-
cause we must obta in  our weed and g rass  con t ro l  from some means o the r  than 
mechanical c u l t i v a t i o n  i f  t h e  system w e  a r e  using involves l i t t e r  l e f t  
on the s o i l  surface .  Another reason w e  must be more timely i n  a minimum 
t i l l a g e  system i s  we must p l a n t  when s o i l  moisture condit ions a r e  near ly  
optimum because w e  w i l l  not  have the  seedbed w e  prepare with conventional 
t i l l a g e .  Most of the f a i l u r e  experienced with minimum t i l l a g e  w i l l  be 
due t o  poor weed and grass  con t ro l  and inadequate crop stand. 

I f  a person decides t o  t r y  minimum t i l l a g e  i n  1981 he should decide now, 
i n  the  following order ,  what crop he w i l l  p l an t ,  which f i e l d  he w i l l  p lant ,  
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approximately how many a c r e s  he w i l l  p l a n t  and how he w i l l  handle 
equipment needs. Before making these  decisions  I be l i eve  a person 
should g e t  acquainted w i t h  people who have knowledge and experience 
i n  t h i s  type of cropping. This could very w e l l  be the  b e s t  advice 
you could accept. W e  need answers t o  quest ions concerning s o i l  f e r­
t i l i t y ,  weed control ,  water management i n s e c t  management, equipment 
needs, choices of crops, p lant ing dates ,  and many others  t h a t  w i l l  
arise. These quest ions meed t o  be answered as t o  how they apply t o  
minimum t i l l a g e  i n  each individual s i t u a t i o n .  Many times the  answers 
would be d i f f e r e n t  i n  minimum t i l l a g e  and/or multicropping than they 
would i n  conventional pract ices .  An example of t h i s  would be in t h e  
a rea  of weed i d e n t i f i c a t i o n  and recommended con t ro l  p rac t i ces  f o r  
minimum t i l l a g e  s i t u a t i o n s .  W e  farmers a l o t  of the  time are not  ac­
curate  enough i n  weed i d e n t i f i c a t i o n  and w e  need the  ass i s t ance  of an 
expert.  I would suggest t h a t  you g e t  t o  know a weed specialist  through 
your county extension o f f i c e  and ask  him t o  come look a t  your s i t u a t i o n  
a f u l l  season before you intend t o  p l a n t  your minimum t i l l a g e  crop. 

I n  deciding which crop t o  p lan t ,  I would suggest corn. I n  my opinion, 
corn is by f a r  the  easiest crop t o  deal  with i n  minimum t i l l a g e  condi­
t ions .  Some of t h e  reasons t h a t  I say t h i s  are:  (1) W e  can plant  corn 
e a r l y  enough t o  g e t  a jump on grasses  and weeds, (2) w e  have a broader 
s e l e c t i o n  of herbic ides  t o  use i n  corn i n  minimum t i l l a g e  condit ions than 
we do i n  other crops a t  t h i s  t i m e ,  (3) the quick, errect growth nature  of 
corn g ives  us  the a b i l i t y  t o  come underneath the p lan t  canopy with post-
d i r e c t  appl ica t ions  of contact  herbic ides  t o  solve  any weed problems 
which might escape preemergence or  postemergence herbic ides  (post- direct  
c u l t i v a t i o n  can be used i n  most crops but  seems t o  be e a s i e r  i n  corn) ,  
(4) i t  seems t o  be the opinion of people who have worked with minimum 
t i l l a g e  f o r  severa l  years  t h a t  corn i s  very w e l l  adapted t o  minimum til­
lage  condit ions without s a c r i f i c i n g  y ie ld .  I would suggest t h a t  a farmer 
not  choose soybeans as the  crop f o r  h i s  f i r s t  experience with some f o r m  
of minimum t i l l a g e .  Even i f  a farmer has had successful  experience with 
minimum t i l l a g e  corn he should approach minimum t i l l a g e  beans with much 
caution. The reasons why I maintain these  opinions are: (1) It is more 
d i f f i c u l t  t o  o b t a i n proper seed placement i n  minimum t i l l a g e  conditions. 
Those who p lan t  soybeans know the  seed must be placed shallow and i n  
adequate moisture. This is more d i f f i c u l t  t o  obta in  i n  minimum t i l l a g e  
condit ions than i n  a well  prepared conventional seedbed. I f  w e  do not  
achieve proper seed placement we w i l l  no t  ge t  the  quick and proper stand 
w e  must have t o  a i d  i n  grass  and weed control .  (2) The t i m e  of year 
w e  p lan t  beans i n  the  southeast  i s  a l s o  the  optimum season f o r  most of 
our weeds and grasses.  This, together with the f a c t  t h a t  w e  a r e  very 
l imi ted  i n  our choices of herbic ides  t o  be successful ly  used i n  m i n i m u m  
t i l l a g e  soybeans, gives u s  reason t o  be cautious.  I be l i eve  the  grasses  
are our problem i n  minimum t i l l a g e  beans and not  t h e  broadleaf weeds. 
A t  t he  present t i m e  I th ink the  t i m e l y  manager has ava i l ab le  t o  him, the  
herbicides t o  successful ly  deal  with most broadleaf weed problems. But 
I do not  think,  a t  the  present  t i m e ,  w e  have the  chemicals nor the  know 
how t o  dea l  with these  grasses  an acceptable percentage of t h e  time i n  
most conditions. 

... 


~ 
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After the decision of which crop to plant is made. the decision of where 
i t  i s  t o  be  p l an t ed  must be  made. One th ing  t o  cons ide r  i n  making t h i s  
d e c i s i o n  is, will i r r i g a t i o n  be  used? If p o s s i b l e  p l an  t o  i r r i g a t e .  I n  
our  o p e r a t i o n s  w e  u se  t h e  center p i v o t  systems f o r  more than  j u s t  t o  
add supplemental  water i n  dry cond i t i ons .  We  w i l l  use  them t o  apply her­
b i c i d e s  i n  the f u t u r e .  W e  p r e s e n t l y  apply f e r t i l i z e r  through them. Many 
times i n  minimum t i l l a g e  c o n d i t i o n s  w e  a r e  p l a n t i n g  i n t o  e x i s t i n g  l i v e  
p l a n t  growth of some kind.  This live growth is constantly p u l l i n g  mois­
t u r e  from the s o i l  caus ing  d ry  planting c o n d i t i o n s  a t  a time when w e  
would l ike  t o  b e  p l a n t i n g .  With i r r i g a t i o n ,  w e  have  the advantage of 
p l a n t i n g  when w e  would l i k e  to. Planting i n t o  e x i s t i n g  p l a n t  growth and 
trash i s  d i f f e r e n t  from p l a n t i n g  i n t o  a c l e a n ,  well p repared  seedbed. 
A s  a person  beg ins  t o  use minimum t i l l a g e  equipment and d e a l  w i t h  d i f f e r ­
ent k inds  of situations i t  i s  comfort ing t o  know we can i r r i g a t e  t o  com­
pensate formistakes. If it is not possible to irrigate I would be more 
c a r e f u l  i n  my c o n s i d e r a t i o n  of where t o  p l a n t .  I would s e e k  t h e  adv i ce  
of people  who have had several y e a r s  exper ience  i n  t h i s  t ype  of cropping.  
I  b e l i e v e  a f t e r  a f anne r  g a i n s  exper ience  i n  minimum t i l l a g e  o r  no- t i l ­
l a g e  farming h e  h a s  a Setter  possibility of succes s  w i thou t  i r r i g a t i o n  
than  t h e  convent iona l  because of having t r a s h  (o r  mulch) on t h e  s o i l  sur­
face .  But t h i s  advantage w i l l .  develop as a person g a i n s  exper ience  be-
cause  farming s u c c e s s f u l l y  under minimum t i l l a g e  c o n d i t i o n s  wi thout  ir­
r i g a t i o n  t a k e s  much p lanning  and the t imely  a p p l i c a t i o n  of t hose  p l ans .  

The second t h i n g  I would cons ide r  in t h e  cho i ce  of a f i e l d  o r  f i e l d s ,  
is  s o i l  type.  Some s o i l  types  lend themselves ve ry  w e l l  t o  minimum til­
l a g e  p l a n t i n g  o p e r a t i o n s  and some do no t .  Heavy, dense ,  hard c l a y  type 
s o i l s  can be  a problem t o  p l a n t  i n  w i t h  t h e  equipment a v a i l a b l e  on t h e  
market  a t  this t i m e .  I f  possible, I would choose a loamy, e a s i l y  worked 
s o i l .  I f  a farmer has  some of both soil t ypes  o r  a random mixture  it 
probably would be  good f o r  him t o  plant some of bo th .  This would prevent  
him from making the mistake of t h i n k i n g  h e  could o r  could n o t  p l a n t  i n  a 
p a r t i c u l a r  s o i l  type  Wi thout  actually do ing  so .  

The t h i r d  t h i n g  I would do is make a very c a r e f u l  weed s tudy  of t h e  f i e l d s  
I  w a s  c o n s i d e r i i g .  I t h i n k  t h i s  should be  done a f u l l  season  prev ious  
t o  t h e  a c t u a l  p l a n t i n g  of t h e  crop.  I f  p o s s i b l e  g e t  someone t r a i n e d  i n  
weed i d e n t i f i c a t i o n  and h e r b i c i d e  u se  t o  h e l p  you do t h i s .  I do n o t  
t h i n k  i t  w i l l  b e  a problem f o r  farmers to g e t  someone who i s  t r a i n e d  i n  
t h i s  area t o  h e l p  them i f  they  s t a r t  a y e a r  b e f o r e  a c t u a l l y  p l a n t i n g  t h e  
crop. Many t i m e s  t h e  farmer i s  n o t  a b l e  t o  i d e n t i f y  t h e  weeds i n  h i s  
f i e l d  and make proper  s e l e c t i o n s  of h e r b i c i d e s  t o  be  used. This  is espe­
c i a l l y  t r u e  under m i n i m u m  t i l l a g e  c o n d i t i o n s .  Much of t h e  t i m e  w e  have 
h e r b i c i d e s  a v a i l a b l e  t h a t  w i l l  fit a p a r t i c u l a r  weed i n  a p a r t i c u l a r  f i e l d  
under conven t iona l  farming practices ' bu t  under minimum t i l l a g e  c o n d i t i o n s  
w i l l  n o t  perform s u c c e s s f u l l y  a t  a l l .  S ince  weed c o n t r o l  is one of t h e  
two main o b s t a c l e s  to be overcome i n  minimum t i l l a g e  farming,  I would aga in  
l i k e  t o  stress t h e  importance of securing t h e  h e l p  of someone who has  
exper ience  i n  t h i s  area. 
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After t h e  c rop  t o  be  p l an t ed  and t h e  f i e l d  o r  f i e l d s  t o  b e  p l a n t e d  
ha s  been chosen, then  I would t e s t  t h e  s o i l  and water. Every fa rmer ,  
I am s u r e ,  i s  f a m i l i a r  w i t h  how t o  p rope r ly  t a k e  samples f o r  s o i l  
tests. But t h e  t h ing  t h a t  is  d i f f e r e n t  under minimum o r  n o- t i l l a g e  
c o n d i t i o n s  is  t h a t  w e  probably a r e  n o t  moving t h e  s o i l  v e r t i c a l l y .  
The l a y e r  of s o i l  on t h e  s u r f a c e  remains on t h e  s u r f a c e .  Th i s  can 
cause  t h e  s u r f a c e  s o i l  t o  be q u i t e  d i f f e r e n t  ( f e r t i l i t y  w i s e )  than  
t h e  s o i l  deeper  than one i nch ,  Because of t h i s ,  and because w e  s u b s o i l ,  
I  l ike  t o  sample the s o i l  a t  t h r e e  depths .  We sample a t  one inch ,  
two t o  twelve, and thirteen t o  e igh t een  inches a l l  o u t  of t h e  same 
hole .  The one i nch  sample w i l l  mainly t e l l  you i f  you have a pH pro­
blem on t h e  s o i l  s u r f a c e  which wi l l  affect herbicide a c t i v i t y .  The 
sample deeper  t han  twelve inches  w i l l  show you i f  you have f e r t i l i t y  
d i f f e r e n c e s  between the normal r o o t  zone and t h e  s u b s o i l .  Another 
t h i n g  t h a t  I t h i n k  i s  a good t h i n g  t o  do is to d i v i d e  t h e  samples and 
send them t o  a t  least  two l a b s  and p r e f e r a b l y  t h r e e  d i f f e r e n t  s o i l  
t e s t i n g  l abs .  Th i s  makes a comparison p o s s i b l e  which can b e  va luab l e .  
I  a m  l e a r n i n g  more a l l  t h e  time as t o  how minor element imbalances 
can completely  cause  a l l  o t h e r  proper  p r a c t i c e s  t o  be  i n e f f e c t u a l .  B y  
having t h e  d i f f e r e n t  s o i l  a n a l y s i s  w e  have a b e t t e r  chance of d e t e c t i n g  
t h e s e  problems. The more i n t e n s i v e l y  we farm t h e  more s c i e n t i f i c  w e  
must b e  t o  keep fcom causing o u r s e l v e s  problems. Also,  w e  should have 
the water w e  p l a n  t o  u se  ( a s  i r r i g a t i o n  cr  i n  t h a  spray  tank)  checked. 
pH and calcium levels in water are t h i n g s  t h a t  can cause  b i g  problems. 
These may sound l i k e  small unimportant  t h i n g s  u n t i l  w e  have a c rop  t h a t  
s o  far  as we  know, w e  have done evcry th ing  r i g h t .  For some unknown 
r ea son  t h e  c rop  may n o t  do l i k e  i t  should and then  we f i n d  o u t  we have 
some small problem t h a t  a l l  of a sudden h a s  become b i g  because w e  d i d  
n o t  check the t h i n g s  w e  could have and made proper  c o r r e c t i o n s .  

A s  w e  make t h e  d e c i s i o n s  as t o  how many acres w e  are going t o  p l a n t ,  
a g a i n  I would sugges t  beginning w i t h  a small number of acres and i n c r e a s e  
the ac reage  as our  exper ience  and confidence i n c r e a s e s .  This pos s ib ly  
can be done by borrowing equipment, having t h e  work done by someone who 
has t h e  equipment, o r  by more than  one farmer sha r ing  i n  the c o s t  of 
the needed equipment. The. main t h i n g  is t o  remember you must be  capable  
of doing t h e  r i g h t  t h i n g  a t  t h e  r i g h t  t i m e .  

Th i s  b r i n g s  u s  t o  t h e  final. t h i n g  I l i s t e d  i n  which a farmer needs t o  
make d e c i s i o n s  on, a f u l l  season  i n  advance of a c t u a l l y  p l a n t i n g  h i s  
first minimum t i l l a g e  crop.  When I u s e  t h e  term minimum t i l l a g e  I a m  
refering t o  some method of p l a n t i n g  i n t o  e x i s t i n g  c rops  o r  crop r e s i d u e  
w i thou t  p r ev ious  s o i l  p r epa ra t l on .  I know t h a t  t h e r e  are o t h e r  ways of 
reduc ing  t i l l a g e  such a s plow p l a n t ,  disc and p l a n t ,  chisel and p l a n t ,  
and o t h e r s  b u t  I do n o t  cons ider  t h e s e  t r u e  minimun t i l l a g e  systems i n  
the sense w e  are d e a l i n g  with.. T o  p r a c t i c e  minimum t i l l a g e  i t  t a k e s  
equipment e s p e c i a l l y  adapted t o  t h e  s i t u a t i o n s .  The cho i ce  and t h e  se­
cu r ing  of minimum t i l l a g e  equipment i s  t h e  f i n a l  t h i n g  I have l i s t e d  t h a t  
a farmer  needs t o  do i n  advance of  planting h i s  crop.  There is l i m i t e d  
a v a i l a b i l i t y  of economical equipment on t h e  market t h a t  w i l l  do an ade­
qua t e  j o b  in a l l  cond l t i ons  a h i g h  pcrcentage of t h e  t i m e .  A farmer should 
probably look a t  a l l  t h e  d i f f e r e n t  p1anters h e  can f i n d  o u t  about  and 
e v a l u a t e  t h e  j o b  they a c t u a l l y  do by looking a t  the c r o p s  planted wi th  
them and t h e  f i e l d  conditions under w h i c h  they were p lan ted .  One of 
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t h e  most important  t h i n g s  t o  look a t  j s  the soil type  i n  which t h e  
planter w a s  used. Was t h e  s o i l  a ve ry  e a s i l y  worked s o i l  such as 
sand o r  w a s  i t  a more d i f f i c u l t  s o i l  t o  d e a l  w i th  such a s  c l ay .  I n  
t h e  deep sands any of t h e  p l a n t e r s  w i l l  do a p r e t t y  good j o b  un le s s  
t h e r e  is a l o t  of l i t t e r  on the  s o i l  sur face .  Under heavy mulch o r  
l i t t e r  cond i t i ons  some of t h e  p l a n t e r s  do not  have enough c l ea rance  
t o  avoid dragging on the p l an te r .  This  i s  especially t r u e  of t h e  sub-
s o i l  p l a n t e r s .  In  heavier type  s o i l s  I have n o t  seen  a p l a n t e r  t h a t  
I f e e l  w i l l  c o n s i s t a n t l y  do an  accep tab le  job .  Some w i l l  do a good 
j o b  i f  mois ture  cond i t i ons  are j u s t  r i g h t ,  bu t  i f  i t  is  a l i t t l e  too  
w e t  o r  d ry  you began t o  see a poor s tand .  

I f  the p l a n t e r  t o  b e  used is  of t h e  s u b s o i l  type  look a t  t h e  l eng th  of 
t h e  s u b s o i l e r s .  It takes adequate  c l ea rance  between t h e  s o i l  s u r f a c e  
and anything on t h e  p l a n t e r  t h a t  might ca t ch  t r a s h  and cause a b u i l d  
up of t r a s h  which w i l l  p revent  smooth ope ra t ions ,  

Look a t  t h e  a b i l i t y  of the p l a n t e r  t o  p repa re  an adequate  seed bed. I 
t h i n k  that many of t h e  manufacturers  who are a t tempt ing  t o  b u i l d  and 
se l l  minimum t i l l a g e  p l a n t e r s  have t h e  wrong a t t i t u d e  about  seedbed 
prepara t ion .  W e  must have a smooth, w e l l  prepared seedbed even though 
i t  may n o t  be but  two t o  f o u r  inches  wide. W e  cannot g e t  by wi th  j u s t  
a s l i t  i n  t h e  ground t o  drop a seed in. This  may work i n  some condi­
t i o n s  b u t  c o n s i s t a n t l y  i t  w i l l  no t .  Also t h e  seedbed must be f i rm  
enough behind t h e  s n b s o i l e r  t o  prevent  caving i n .  Another t h ing  t o  
look at are the p l a n t e r  p a r t s  used t o  prepare  t h e  seedbed. Many use  
s p i d e r s  o r  o t h e r  a t tachments  t h a t  w i l l  wrap up o r  cake up some way 
wi th  c rop  mulch o r  o t h e r  t h ings  on t h e  s o i l  su r f ace .  A s  you look a t  
t h e  p l a n t i n g  j o b  by d i f f e r e n t  p l a n t e r s  t ake  no te  of whether i r r i g a t i o n  
w a s  used t o  compensate f o r  a poor p l a n t i n g  jbb.  Many times i n  sit­
u a t i o n s  where a poor seedbed w a s  formed caus ing  improper seed placement 
o r  coverage, t h e  problem can be overcome wi th  an  a p p l i c a t i o n  of water. 

I s t a t e d  before that I b e l i e v e  t h e  two t h i n g s  t h a t  cause f a i l u r e  wi th  
minimum t i l l a g e  cropping, most of t h e  t i m e ,  are poor weed c o n t r o l  and 
improper s tand .  Both of these are d i r e c t l y  r e l a t e d  t o  t h e  job  done 
wi th  t h e  p l an te r .  I f  t h e  seed i s  w e l l  placed in an adequately prepared 
seedbed we o b t a i n  t h e  s tand  we  need and a l s o  we  o b t a i n  t h e  proper,  even 
growth which g i v e s  u s  our  most e f f e c t i v e  weed c o n t r o l .  I n  my opinion 
t h e  manufacturers  of minimum t i l l a g e  equipment must become conscious 
of the need f o r  a narrow y e t  w e l l  prepared seedbed. I n  your s ea rch  f o r  
t h e  proper  equipment f o r  your s i t u a t i o n  look f o r  t h e  p l a n t e r  t h a t  d i s­
t u r b s  t h e  s o i l  s u r f a c e  t h e  least but  leaves a narrow w e l l  prepared seed-
bed under t h e  s o i l  cond i t i ons  on your farm. 

I t h i n k  t o  be  s u c c e s s f u l  w i t h  minimum t i l l a g e  a farmer needs t h r e e  b a s i c  
p i eces  of equipment. These are a p l a n t e r ,  a broadcas t  sp raye r ,  and a 
d i r e c t e d  sprayer .  W e  have d iscussed  t h e  p l an te r .  The sprayer  should 
be  capable  of d e l i v e r i n g  from 20 t o  50 ga l lons  of material pe r  acre under 
adequate  p re s su re  and main ta in  proper a g i t a t i o n .  The d i r e c t e d  sp raye r  
must be  capable  of p l ac ing  t h e  sprayed material proper ly  i n  relation t o  
t h e  crop. When t h e  crop grows as i t  should and t h e  weeds are suppressed 
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adequately t h i s  is  a simple job ,  we  j u s t  spray broadcast d i rec ted  
under the p lan t  canopy. I n  some s i t u a t i o n s  w e  may need t o  use  
shie lds .  Therefore, t h e  d i rec ted  spraying u n i t  probably should have 
the  option of adding these sh ie lds .  I n  my opinion every minimum 
t i l l a g e  farmer should own o r  have a d i rec ted  sprayer ava i l ab le  t o  
operate t h e  d i r e c t  sprayer properly. This can be the  d i f fe rence  
i n  success o r  f a i l u r e .  I bel ieve  the f i r s t  s t e p  toward success i n  
1981 is  f o r  you t o  make these  decisions now and not s i x  months from 
now. 

Lets  imagine t h a t  you have decided what crop and v a r i e t y  t o  p lan t ,  
you have decided where it w i l l  be planted,  how many a c r e s  you w i l l  
p l an t ,  and have made a l l  necessary decis ions  concerning equipment. 
A t r u e  minimum t i l l a g e  cropping s i t u a t i o n  begins with t h e  crop grown 
previous t o  the a c t u a l  crop t o  be grown. This,  i n  my opinion, i s  
one of the tremendous advantages of t h e  system. Every crop c a r r i e s  
over i n t o  and influences the  following crop. An example of what I 
mean is  i n  t h e  a rea  of f e r t i l i t y .  W e  can a f fo rd  t o  adequately fer­
t i l i z e  t h e  f i r s t  crop because we know the  following crop w i l l  benef i t  
from it. I n  some planned r o t a t i o n s  t h e  following crop w i l l  not need 
any add i t iona l  p lan t  food other  than the  res idua l  from t h e  previous. 
An example of this  could be soybeans following corn i n  t h e  same year. 
I know t h i s  program can be followed under conventional t i l l a g e  prac­
t i c e s  but  not  near ly  as e f f e c i e n t l y  as with minimum t i l l a g e .  You 
probably w i l l  want t o  begin your program with a winter  crop of small 
grain.  This small g ra in  crop may be used i n  many d i f f e r e n t  ways de-
pending on the system you have chosen. Some of the options you have 
when growing t h i s  small crop a r e  t o  use  i t  f o r  gra in ,  s i l a g e ,  or  j u s t  
a mulch f o r  t h e  following crop. The idea of growing a heavy mulch may 
become important where i r r i g a t i o n  is not  used. A s  you make plans f o r  
your cover crop, have someone who t ra ined i n  f e r t i l i t y  help  you work 
out a season-long f e r t i l i t y  program using your s o i l  test r e s u l t s .  One 
of t h e  things you might consider i s  t h e  appl ica t ion of calcium a f t e r  
the cover crop i s  planted t o  insure  proper pH on the s o i l  surface  i f ,  
of course, s o i l  test r e s u l t s  show a need. There a r e  choices of cover 
crops depending on your program. 

After  the  cover crop has been planted and u t i l i z e d  as you planned, i t  
becomes plant ing time. All decisions concerning v a r i e t y ,  population, 
f e r t i l i t y ,  i n s e c t  con t ro l  p lans ,  and herbic ide  use have been made months 
before. One of t h e  th ings  you should be cautious about i s  how t o  handle 
the  ex i s t ing  l i v e  p lan t  growth a t  planting.  One of t h e  things I think 
we  are i n  need o f ,  t h a t  we  have not  had, i s  an economical product w e  can 
use that w i l l  completely k i l l  everything growing a t  p lant ing time. Most 
of t h e  time it i s  des i rab le  t o  have everything completely k i l l e d  a t  t h e  
time of p lant ing t o  give t h e  crop a head s t a r t .  So f a r  we  have not  
had a product I f e l t  we  could af ford  t h a t  would do t h i s  job.  Paraquat 
has not  done t h e  job for-me. Early i n  the  year we have not been ab le  
t o  k i l l  small gra ins  with paraquat without making two t o  th ree  applica­
t ions .  Later  a t  soybean plant ing time we have not  been a b l e  t o  s a t i s f a c t o r ­
ially k i l l  ex i s t ing  grasses.  The thing I would caution you about is t o  
not p lan t  your crop and wait  until j u s t  before i t  emerges t o  use paraquat 
and expect t o  cons i s t an t ly  g e t  an adequate k i l l  of ex i s t ing  plant  growth. 
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You might want t o  spray paraquat s eve ra l  days previous t o  crop emergence 
and then again  j u s t  be fo re  emergence. There has been some work done 
wj th  low rates of Roundup t h a t  looks good, but  t h e  tests are l i m i t e d  
a t  t h i s  time. A product  l i k e  Roundup i s  what we need b u t  w e  can no t  
a f f o r d  it a t  t h e  manufacturers  present  recommendations and prices. 

Af t e r  w e  have p lanted ,  we should monitor f o r  i n s e c t s  and weeds j u s t  as 
i n  conventional  t i l l a g e  methods. Mnay t i m e s  t h e  minimum t i l l a g e  p lanted  
f i e l d  w i l l  look ve ry  rough t o  t h e  t r a d i t i o n a l  eye. This  look w i l l  d i s­
appear as t h e  crop covers  t h e  s o i l  su r face  and becomes t a l l  enough t o  
go under the p l a n t  canopy and clear up any undes i r ab le  weeds which exist 
wi th  d i r e c t  spraying.  From t h i s  po in t  on t h e  management w i l l  be much 
l i k e  that which we t r a d i t i o n a l l y  use.  Some th ings  w e  might p lan  t o  do 
t h a t  w e  have n o t  done be fo re  is s o i l  test i n  t h e  middle of t h e  crop 
growing season and have p l a n t  t i s s u e  ana lyses  run. A s  w e  begin t o  more 
i n t e n s i v e l y  use  the  s o i l  through mult icropping w e  must be more aware 
of s o i l  f e r t i l i t y .  

REMINDER AND POSSIBILITIES 

Remember, probably t h e  most important  advice i n  what you have read is  t o  
contact people who can adv i se  you and he lp  you make dec i s ions  as we l e a r n  
a d i f f e r e n t  method of producing food, f i b e r  and f u e l .  Soon w e  w i l l  be 
seeing p ro fes s iona l  consultants i n  t h i s  area. 

I do not  t h i n k  t h a t  t h e r e  has ever  been anything come on t h e  scene i n  
a g r i c u l t u r e  t h a t  o f f e r s  t h e  product ion p o s s i b i l i t i e s  and problem solv­
i n g  a b i l i t i e s  t h a t  minimum t i l l a g e  and mult icropping does. As  an  example 
t o  think on, cons ider  t h i s  -  A  farmer i n  Levy County F lo r ida  (or  any o the r  
county i n  t h e  Southeas t ) ,  has  problems wi th  wind and water e ros ion ,  h igh  
c o s t  of f u e l  and equipement, h igh  c o s t  and u n a v a i l i b i l i t y  of labor .  H i s  
b e s t  s o l u t i o n  is  t o  produce more p e r  acre and and farm fewer acres. He 
plants a c rop  of s m a l l  g r a i n  (with o r  without  legumes) t o  graze.  He 
grazes  t h a t  crop 60-90 days then p l a n t s  irrigated corn. H e  h a r v e s t s  t h e  
corn crop as s i l a g e  o r  high mois ture  g ra in .  He then p l a n t s  a second crop 
of corn f o r  s i l a g e  (using t r o p i c a l  corn v a r i e t i e s ) ,  o r  p l a n t s  g r a i n  
sorghum o r  soybeans. He h a r v e s t s  t h i s  t h i r d  crop and p l a n t s  small g r a i n  
t o  graze again.  H e  has  done t h i s  w i th  almost zero  e ros ion  from wind o r  
water and a minimum of inpu t  f o r  what he  has produced. This is j u s t  one 
p o s s i b l e  program. There are many o the r  combinations such as t h i s  one 
which are being s u c c e s s f u l l y  appl ied  by a few farmers.  

CONCLUSION 


I  b e l i e v e  farming has  a b r i g h t  f u t u r e ,  bu t  w e  need t o  produce more per  
farmed acre t o  minimize c o s t  t o  t h e  farmer and a l s o  provide our people 
wi th  h igh  q u a l i t y  food a t  t h e  lowest p o s s i b l e  p r i ce .  Our people must eat 
and  I f o r  one want to see us  eat as inexpensively as poss ib le .  Do no t  
say i t  can no t  be done, t h e  f i r s t  s t e p  toward accomplishment is t o  b e l i e v e  
it can be done, There w i l l  always b e  farmers,  t h a t  i s  no t  t h e  quest ion.  
The ques t ion  is ,  who w i l l  be t h e  farmers?  I b e l i e v e  the  major i ty  of those 
who cont inue  t o  farm w i l l  be applying some form of the  type program w e  
have been d iscuss ing .  
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Remember as  I s t a t e d  a t  the beginning of th is  a r t i c l e ,  " these are 
my views and feel ings" . Some of them may have changed o r  may not  
apply t o  you but  I thank you f o r  taking your time t o  read them. 

I would l i k e  t o  make publ ic  w r i t t e n  record of apprecia t ion f o r  se rv ice  
t o  a g r i c u l t u r e  t o  J o h n  Bladwin (Levy County Agent), D r .  David Teem, 
and Dr. Raymond Gallaher. 

To you the  reader,  consider t h i s  - what g rea te r  use of a l i f e  can there  
be than to work with t h e  s o i l  of t h e  e a r t h  and see it produce. 



POSTEMERGENCE DIRECTED SPRAY EQUIPMENT AND CALIBRATTON 

DAVID B . TEEM 

In t roduc t ion  

Sandy s o i l s  wi th  low o rgan ic  matter content  combined wi th  i n t e n s e  p re s su re  
from d i f f i c u l t  t o  c o n t r o l  weeds are major problems found by producers  i n  
F l o r i d a  and much of t h e  sou the rn  United S t a t e s .  These s o i l s  o f t e n  el imin­
ate  the  use of c e r t a i n  h e r b i c i d e s  o r  t h e  h e r b i c i d e s  must be  used a t  low 
rates. I n  a d d i t i o n ,  f requent  r a i n s  which move r a p i d l y  through these  s o i l s  
o f t e n  l e a c h  t h e  h e r b i c i d e s .  I n t e n s e  weed p re s su re ,  l o w  h e r b i c i d e s  rates, 
and l each ing  are a few o f  t h e  f a c t o r s  which r e s u l t  i n  poor weed c o n t r o l  o r  
a t  b e s t ,  short-term weed con t ro l .  E f f e c t i v e  weed c o n t r o l  f o r  t h e  f i r s t  fou r  
to  s i x  weeks i f  o f t e n  s u f f i c i e n t  f o r  many crops  t o  produce good y i e l d s  bu t  
producing a good y i e l d  i s  b e n e f i c i a l  on ly  i f  t h e  crop can be harves ted .  
Weeds which emerge fou r  t o  s i x  weeks a f t e r  t he  crop and are n o t  c o n t r o l l e d  
can r e s u l t  i n  tremendous ha rves t ing  problems. I n  convent iona l ly  p l an ted  
c rops  many o f  these  weeds can be c o n t r o l l e d  by c u l t i v a t i o n ;  however, adverse 
weather cond i t i ons  which de l ay  c u l t i v a t i o n  may r e s u l t  i n  weeds i n  t h e  row 
becoming too  l a r g e  t o  k i l l  w i th  c u l t i v a t i o n .  I n  n o - t i l l  p l a n t i n g s ,  c u l t i ­
v a t i o n  i s  n o t  an  op t ion  f o r  c o n t r o l l i n g  these  l a t e  emerging weeds. Many 
weeds can be e f f e c t i v e l y  c o n t r o l l e d  by spraying  over  t h e  top  of  t h e  crop;  
however, i n  c e r t a i n  s i t u a t i o n s  t h e r e  are no h e r b i c i d e s  which can be  sprayed 
over  t he  crop without  s e r i o u s  crop i n j u r y .  I n  these  s i t u a t i o n s ,  a post-
emergence d i r e c t e d  sp ray  i s  t h e  b e s t  answer f o r  c o n t r o l  of t h e s e  weeds i n  
e i t h e r  convent ional  o r  n o - t i l l  p l an t ings .  

T i m e  of Appl ica t ion  

The o b j e c t i v e  of  a d i r e c t e d  spray i s  t o  spray  t h e  weeds wi th  minimum con tac t  
of t h e  h e r b i c i d e  on t h e  crop leaves .  Directed sprays  w i l l  be e f f e c t i v e  only 
i f  t h e r e  i s  a h e i g h t  d i f f e r e n t i a l  between t h e  crop and weed. For most of 
t he  h e r b i c i d e s  t o  be s a f e l y  used, the  crop should b e  a t  least 1 2  inches  t a l l  
and the  weeds less than  4 inches  t a l l  (Figure 1 ) .  I f  t h e  crop i s  smaller 
o r  t h e  weed l a r g e r  than  t h i s ,  increased  crop i n j u r y  w i l l  genera l ly  r e s u l t .  
I f  t h e  crop i s  t a l l e r  than  1 2  inches  and the  weeds are less than 4 inches  
then  a g r e a t e r  h e i g h t  d i f f e r e n t i a l  e x i s t s  and less crop i n j u r y  w i l l  r e s u l t .  
I n  t h i s  s i t u a t i o n ,  i t  i s  gene ra l ly  adv i sab le  to  delay t h e  a p p l i c a t i o n  and 
a l low as many weeds as poss ib l e  t o  emerge before  t h e  l a r g e s t  weed reaches 
4 inches .  

David H. Teem i s  Assoc ia te  P ro fe s so r  of  Agronomy, Department of Agronomy, 
303 N e w e l 1  H a l l ,  Un ive r s i t y  o f  F l o r i d a ,  Ga inesv i l l e ,  F lo r ida  32611. 
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Figure  1. 	 Minimum crop h e i g h t  and maximum weed h e i g h t  f o r  e f f e c t i v e  con­
t r o l  w i thou t  crop i n j u r y  when apply ing  pos t- d i r ec t ed  sp rays .  

Equipment Needed 

Seve ra l  types  of d i r e c t e d  sp ray  a p p l i c a t o r s  are commercially a v a i l a b l e .  The 
equipment i s  n o t  complicated and many producers  have cons t ruc t ed  t h e i r  own 
a p p l i c a t o r s .  

The b a s i c  requirement  of t h e  equipment is t o  a l low s e t t i n g  t h e  h e i g h t  and 
o r i e n t a t i o n  of t h e  spray  nozz l e  i n  a c o n s t a n t  p o s i t i o n  i n  r e l a t i o n  t o  t h e  
s o i l  and crop.  This  can be accomplished by mounting t h e  nozz les  on equip­
ment such as s l i d e s ,  guage wheels,  o r  c u l t i v a t o r s  (F igu re  2 ) .  Once t h e  
nozz les  have been a d j u s t e d  to sp r ay  t h e  lower 4 i nches  of t h e  crop,  they 
w i l l  remain i n  t h a t  p o s i t i o n  even i n  rough f i e l d s .  Nozzle h e i g h t  and o r i ­
e n t a t i o n  must be se t  f o r  t h e  crop and weed s i t u a t i o n  i n  each f i e l d  t o  be  
sprayed.  Boom s p r a y e r s  w i th  drop nozz les  are n o t  w e l l  s u i t e d  f o r  t h i s  
type a p p l i c a t i o n  s i n c e  t he  he igh t  of t he  nozz le  i s  n o t  cons t an t  i n  rough 
f i e l d s .  Each t i m e  t h e  boom bounces, t h e  nozz le  sp rays  h ighe r  than  4 i nches  
on t h e  c rop  and i n j u r y  r e s u l t s .  Appl ica tors  are a l s o  a v a i l a b l e  w i t h  s h i e l d s  
which p r o t e c t  t h e  c.rop from the spray. This type equipment may be u s e f u l  
i n  certain s i t u a t i o n s ,  b u t  w i  l I generally result i n  uncont ro l led  weeds i n  
the row. 
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REAR VIEW 

Figure  2. 	 Side  and rear v i e w  o f  2-nozzle p e r  row arrangement mounted 
on s l i d e s .  

Nozzles,  P r e s s u r e ,  and Spray Volume 

Most o f  t h e  h e r b i c i d e s  used f o r  d i r e c t e d  s p r a y s  r e q u i r e  good s p r a y  coverage 
o f  t h e  weed f o r  e f f e c t i v e  c o n t r o l .  P roper  cho i ce  of  n o z z l e s ,  p r e s s u r e ,  and 
ga l l onage  can be  c r i t i c a l  f o r  e f f e c t i v e  c o n t r o l  w i t h  minimum crop i n j u r y .  

Nozzles 

F l a t  f a n  n o z z l e s  are w e l l  s u i t e d  f o r  d i r e c t e d  sp r ays .  These nozz l e s  can 
be  ope ra t ed  a t  low p r e s s u r e  and t h e  sp r ay  p a t t e r n  over lapped i n  t h e  d r i l l  
(F igu re  2 ) .  The ove r l ap  should  be abou t  6 i nches  f o r  uniform d i s t r i b u t i o n .  
A t y p i c a l  f l a t  f a n  nozz l e  t i p  i s  a Tee Jet 8004.  Th is  type  t i p  i s  a v a i l a b l e  
f o r  d i f f e r e n t  ga l l onage  o r  d i f f e r e n t  sp ray  a n g l e s .  For example, i f  h i g h e r  
ga l lonage  i s  d e s i r e d  an 8005 o r  8006 may be used.  I f  lower ga l lonage  i s  
d e s i r e d ,  an 8003 o r  8002 may b e  used.  I f  a wider  sp r ay  a n g l e  i s  needed, 
95 and 110 degree  s p r a y  a n g l e s  are a v a i l a b l e .  For  example a 9504 w i l l  app ly  
t h e  same ga l l onage  as a n  8004 b u t  wi th  a wider  a n g l e  ve r su s  This  
can  be  h e l p f u l  s i n c e  t he  wider  s p r a y  a n g l e  a l lows  s p r a y i n g  t h e  same area 
w i t h  t h e  nozz l e  a t  a lower  h e i g h t .  
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Flood je t  (TK s e r i e s )  nozz les  provide wide spray angles  a t  low p res su re ;  
however, i n  dense weed s i t u a t i o n s  the  l a r g e  d r o p l e t s  produced may not  
provide s u f f i c i e n t  coverage. 

Off- center (OC s e r i e s )  t i p s  are a l s o  a v a i l a b l e .  This type sprays  only from 
one s i d e  of t h e  t i p  and no coverage w i l l  be  achieved i n  t h e  middles un le s s  
m u l t i p l e  nozz les  p e r  row are used. I f  c u l t i v a t i o n  i s  t o  be  used f o r  t he  
middles then  two of f- center  t i p s  pe r  row can be  e f f e c t i v e l y  used. 

Cone ( D  and TX series) t i p s  are n o t  w e l l  s u i t e d  f o r  d i r e c t e d  sprays .  These 
t i p s  are designed f o r  high p re s su re  and produce f i n e  spray p a r t i c l e s .  These 
f i n e  part ic les  will  d r i f t  on to  the  crop leaves and r e s u l t  i n  i n j u r y .  I n  
a d d i t i o n  t h e  cone shape of t h e  p a t t e r n  is not  w e l l  s u i t e d  f o r  spraying  low 
on t h e  crop.  

P re s su re  

The lowest  p o s s i b l e  p re s su re  which w i l l  p rovide  s u f f i c i e n t  spray  coverage 
of  t h e  weeds should be used. P re s su res  i n  the  range of 1 5  t o  25 p s i  are 
d e s i r a b l e .  I f  s u f f i c i e n t  coverage i s  n o t  achieved a t  these  p re s su res ,  
choose a t i p  wi th  a l a r g e r  o r i f i c e .  This  w i l l  i n c r e a s e  gal lonage wi thout  
i n c r e a s i n g  pressure .  High p re s su re  creates small p a r t i c l e s  which d r i f t  
and should be avoided. 

Sp ray  Volume 

The ga l lons  pe r  acre needed w i l l  vary depending on t h e  d e n s i t y  and s i z e  o f  
the  weeds. I n  most s i t u a t i o n s  20 to  30 ga l lons  pe r  acre i s  adequate.  

Speed 

Directed sp rays  can be appl ied  at  any speed which can s a f e l y  be used t o  
ope ra t e  t h e  equipment wi thout  crop i n j u r y .  Choose t h e  speed which can be 
s a f e l y  used f o r  t h e  s i z e  of t h e  crop and select nozz le  t i p s  which w i l l  
d e l i v e r  t he  d e s i r e d  gal lonage a t  t h a t  speed. 

Sprayer  C a l i b r a t i o n  

Proper c a l i b r a t i o n  i s  c r i t i ca l  s i n c e  he rb i c ide  rates which are too high may 
r e s u l t  i n  crop i n j u r y  and w i l l  i n c r e a s e  c o s t s .  Rates which are too low may 
r e s u l t  i n  poor weed con t ro l .  Any method of c a l i b r a t i o n  which i s  a c c u r a t e  
can be used f o r  d i r e c t e d  sprays .  One of t he  easiest t o  use  methods which 
i s  a c c u r a t e  i s  ou t l i ned  i n  t h e  fol lowing s t e p s :  

Step 1. 	 Measure t h e  swath width sprayed by one nozz le  i n  inches  
(Figure 3) .  This  width w i l l  vary wi th  nozzle  he igh t  
and o r i e n t a t i o n  t h e r e f o r e  measurements should be made 
a f t e r  these  adjustments  are made i n  t he  f i e l d  t o  be 
sprayed.  
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SWATH WIDTH 

Figure  3 . 	 Measure t h e  swath width sprayed  by one n o z z l e  t o  determine 
the  course  l eng th  r equ i r ed  t o  equa l  1/128 a c r e .  

S tep  2. 	 Determine t h e  course  l e n g t h  r equ i r ed  f o r  t he  measured swath 
width t o  e q u a l  1/128th a c r e .  

Swath wid th  of one nozz l e  Course l e n g t h  t o  equa l  
( i nches )  a c r e  ( f e e t )  

1 0  408 
12  340 
1 4  292 
16  255 
18 226 
20 204 

S t e p  3. Measure and mark t h i s  course  l e n g t h  i n  t h e  f i e l d .  

S t ep  4.  	 Choose t he  gear  and R P M  t o  be used,  d r i v e  t h e  measured course 
and record  t h e  t i m e  r equ i r ed  t o  t r a v e l  t h a t  d i s t a n c e .  The 
t r a c t o r  should be moving p r i o r  t o  c r o s s i n g  t h e  s ta r t  of t h e  
course  and t h e  t i m e  begun when t he  t r a c t o r  c r o s s e s  t h e  marker. 
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S tep  5. 	 S t a r t  t h e  s p r a y e r  and a d j u s t  t h e  r e g u l a t o r  to t h e  d e s i r e d  
p r e s su re .  

S t ep  6. 	 Check t he  un i formi ty  o f  t h e  nozz les .  This  i s  a c r i t i c a l  
s t e p  i n  t h e  c a l i b r a t i o n  o f  any s p r a y e r  w i t h  any c a l i b r a t i o n  
method. Catch t h e  flow from a nozz le  i n  a baby b o t t l e  o r  
graduated c y l i n d e r  f o r  10 seconds and record  t h e  amount. 
Repeat t h i s  procedure f o r  10 seconds at each nozz le .  Compare 
the amount caught  from each nozz l e  f o r  un i fo rmi ty .  I f  t h e  
flow from a nozz le  i s  15%higher  o r  lower than  t h e  o t h e r  
nozz l e s ,  r e p l a c e  i t .  

S t e p  7. 	 Catch t h e  flow i n  ounces from one nozz le  f o r  the l e n g t h  
of t i m e  r equ i r ed  t o  d r i v e  t he  measured course  (from s t e p  
4 ) .  The ounces caught i n  t h i s  l e n g t h  of t i m e  i s  e q u a l  t o  
t h e  g a l l o n s  p e r  acre be ing  a p p l i e d  by t h e  sp raye r .  I f  
4 nozz l e s  pe r  row ( 2  nozz l e s  p e r  s l i d e )  are used and t h e  
f r o n t  and rear nozz l e s  on one s l i d e  are sp ray ing  the same 
swath,  then c o l l e c t  t h e  flow from bo th  nozz les .  

S t ep  8. Determine t h e  acres sprayed  p e r  tank.  

Gal lons  p e r  t ank  = a c r e s  p e r  tank
Gallons p e r  acre 

S t ep  9. 	 Determine t h e  amount o f  h e r b i c i d e  needed p e r  tank.  Acres p e r  
tank x h e r b i c i d e  rate p e r  acre = h e r b i c i d e  p e r  t ank .  

Example:	 S t e p  1. Swath width measured - 18 inches. 
S t ep  2. Course l e n g t h  from c h a r t  = 226 f t .  
S tep  3 .  Measure and mark 226 f o o t  course .  
S tep  4 .  T i m e  t o  d r i v e  226 f t .  i n  5 t h  gear  

a t  1400 rpm = 34 seconds.  
S tep  5. Sprayer  a d j u s t e d  t o  20 p s i .  
S t ep  6.  Nozzles checked and uniform. 
S tep  7. Catch f ow from one nozz le  for  34 

seconds Amount c o l l e c t e d  = 20 
ounces. Sprayer  i s  app ly ing  20 
g a l l o n s  p e r  acre. 

S t ep  a.  Sprayer  tank c a p a c i t y  is  200 g a l l o n s .  

20 g a l  pe rper a c r e  tank = 	 10 acres sprayed  
per t ank  

S t ep  9.  	 Recommended h e r b i c i d e  rate = 1 q u a r t  
p e r  a c r e .  Ten, a c r e s  p e r  t ank  X 1 
q u a r t  p e r  acre = 10 q u a r t s  p e r  tank.  
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Summary 

A d i r e c t e d  sp ray  a p p l i c a t o r  i s  similar t o  a n  insurance  po l i cy .  Purchase 
i t  and hope you never  need t o  use i t .  Unfortunately he rb i c idesapp l i ed  
p rep lan t  o r  preemergence seldom provide  f u l l  season c o n t r o l  and d i r e c t e d  
sp rays  are needed. Directed spray  equipment is a v a i l a b l e  and i s  n o t  
d i f f i c u l t  to  use. Herb ic ides  are a v a i l a b l e  and are e f f e c t i v e .  The major 
need is t o  have a s u f f i c i e n t  h e i g h t  d i f f e r e n t i a l  between t h e  crop and the  
weed. 



SOIL AND WATER CONSERVATION THROUGH DOUBLE CROPPING 

F. D. TOMPKINS, C. H. SHELTON, AND C. R. GRAVES 

INTRODUCTION 

Excessive s o i l  l o s s  from row-cropped land  due t o  water e r o s i o n  cont inues  
t o  be a prominent problem i n  West Tennessee. Proven e ros ion  c o n t r o l  
p r a c t i c e s  are o f t e n  r e j e c t e d  by farmers  on t h e  b a s i s  of implementation and 
maintenance c o s t s  and incompa t ib i l i t y  wi th  machinery ope ra t ion  and e x i s t i n g  
f i e l d  arrangement. The wind-deposited s o i l s  t yp i fy ing  t h e  area are h ighly  
s u s c e p t i b l e  t o  e ros ion  when v e g e t a t i v e  cover i s  not  p re sen t .  Farmers have 
h i s t o r i c a l l y  favored c l e a n  c u l t i v a t i o n  t o  i n s u r e  es tab l i shment  of adequate 
p l a n t  s t ands  and a s s u r e  e f f e c t i v e  weed con t ro l .  Demand f o r  soybeans has  
r e s u l t e d  i n  increased  use of marginal  land having s t e e p  s lopes  f o r  row crop 
product ion us ing  convent ional  t i l l a g e  p r a c t i c e s .  A s  a r e s u l t ,  s o i l  l o s s  
f r equen t ly  exceeds t o l e r a b l e  l i m i t s ;  and water q u a l i t y  i n  r e c e i v i n g  streams 
is impaired by sediment and accompanying p o l l u t a n t s .  

One of t h e  most e f f e c t i v e  methods of c o n t r o l l i n g  water e ros ion  i s  t o  maintain 
e i t h e r  growing vege ta t ion  o r  p l a n t  r e s i d u e  on t h e  s o i l  su r f ace .  Vegetat ion 
tends t o  absorb the  energy of f a l l i n g  ra indrops ,  reduce t h e  v e l o c i t y  of s u r f a c e  
runof f ,  and inc rease  i n f i l t r a t i o n  capac i ty  through improved s o i l  s t r u c t u r e .  No-
t i l l a g e  c u l t u r a l  practices provide a scheme f o r  engaging i n  row crop product ion 
whi le  s imultaneously main ta in ing  a p r o t e c t i v e  cover of v e g e t a t i v e  material on 
the  s o i l  su r f ace .  Improvements i n  p l a n t i n g  equipment and advances i n  h e r b i c i d e  
and a p p l i c a t o r  technology are expected t o  a l low more producers t o  r e a l i z e  t he  
documented advantages of n o- t i l l a g e  cropping without  excess ive  r i s k  of poor 
s t a n d s  and inadequate  weed c o n t r o l .  Curren t ly  about 100,000 acres of soy-
beans are n o- t i l l  seeded annual ly i n  Tennessee; most of these  p l an t ings  are 
i n  wheat s t u b b l e  as p a r t  of a double c rop  program. 

SOIL AND WATER CONSERVATION STUDIES 

Research involv ing  double cropping of soybeans and wheat w a s  i n i t i a t e d  a t  
t he  Milan Experiment S t a t i o n  i n  West Tennessee i n  1963. Several area farmers 
were a l r eady  employing t h e  p r a c t i c e  on a r e g u l a r  b a s i s .  To eva lua t e  t h e  
conserva t ion  imp l i ca t ions  of s e v e r a l  cropping and management p r a c t i c e s ,  two 
watersheds were instrumented t o  monitor r a i n f a l l  and runof f .  F i e ld  8 con­
ta ined  9 . 3  a c r e s  with an average s l o p e  of two percent .  Predominant s o i l s  
were Calloway and Henry s i l t  loams. F i e l d  9 i n i t i a l l y  cons i s t ed  of 36 acres 
with about two percent  average s lope .  I n  September 1975, t he  f i e l d  w a s  
graded t o  an average s lope  of about 1 . 2  percent  and d ive r s ions  were i n s t a l l e d ,  
reducing t h e  watershed area t o  28 a c r e s .  Co l l i n s  and Loring s i l t  loams were 
the  predominant s o i l  types .  

F. D. Tompkins and C .  H ,  She l ton  a r e  Associate  P ro fe s so r s ,  Department of 
A g r i c u l t u r a l  Engineering, and C .  R .  Graves is Assoc ia te  Professor ,  Department 
of P l an t  and S o i l  Science,  The Un ive r s i t y  of Tennessee, Knoxvil le ,  Tennessee, 
37916. 
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Seasonal d i s t r i b u t i o n  of r a i n f a l l  and runoff r a t e s  and volumes on F i e l d  8 
is shown i n  F igure  1. For t he  12-year per iod of record ,  t h e  maximum r a i n-
f a l l  intensity and peak rate of runoff  occurred dur ing  t h e  period conta in ing  
the  months of A p r i l  through June. These events  thus occurred when s o i l  
under convent ional  c u l t i v a t i o n  was most vu lne rab le  t o  s o i l  loss  as p a r t i c l e s  
loosened dur ing  seedbed p repa ra t ion  were r e a d i l y  a v a i l a b l e  f o r  t r a n s p o r t  in 
runoff  w a t e r .  The volume of runof f ,  i n  percentage of annual  average,  was 
a l s o  g r e a t e s t  dur ing  t h i s  three-month per iod .  While about h a l f  of t h e  annual 
r a i n f a l l  occurred dur ing  t h e  f i r s t  s i x  months of t h e  year ,  61.4 percent  of 
the  t o t a l  runoff occurred i n  t hese  months. Average annual s u r f a c e  runoff 
from t h e  watershed over  t h e  per iod  of record  was 32 pe rcen t  of t he  r a i n f a l l  
volume. 

Table 1 shows r a i n f a l l ,  r unof f ,  and sediment y i e l d  from F i e l d s  8 and 9 �or 
s e l e c t e d  storms. Crops were soybeans, e i t h e r  produced wi th  convent ional  cu l­
t i v a t i o n  o r  n o- t i l l  p lan ted  i n  wheat s t u b b l e  i n  a double c rop  program. The 
s e l e c t e d  storms occurred a t  times when g r e a t e s t  s o i l  l o s s  d i f f e r e n c e s  be-
tween t h e  two  systems would be expected.  Sediment y i e l d ,  as used he re ,  
r e f e r s  t o  suspended sediment measured a t  t h e  o u t l e t s  of grassed  waterways 
which c a r r i e d  s u r f a c e  runoff  from t h e  two f i e l d s .  Some of t h e  s o i l  eroded 
by ra indrops  and s u r f a c e  runoff  would have been redepos i ted  a t  p o i n t s  lower 
i n  t h e  f i e l d s  and would n o t  have reached t h e  monitor ing s t a t i o n  dur ing  a 
g iven  storm. Consequently, a c t u a l  s o i l  e ros ion  on t h e  f i e l d  would have been 
g r e a t e r  than t h a t  i n d i c a t e d  by sediment y i e l d .  

F i e l d  8 was convent iona l ly  t i l l e d  i n  1974 and double cropped i n  1975, To 
i l l u s t r a t e  t he  advantage of  v e g e t a t i v e  cover ,  compare t h e  storms occurr ing  
June 10, 1974 and A p r i l  30, 1975. Note t h a t ,  f o r  similar antecedent  con­
d i t i o n s ,  h i g h e s t  sediment y i e l d s  u sua l ly  correspond t o  h i g h e s t  rates and 
volumes o f  r a i n f a l l  and runof f .  The r a i n f a l l  i n t e n s i t y  of t h e  1975 s torm 
was almost t h r e e  t i m e s  t h a t  of t h e  1974 event ,  and t o t a l  r a i n f a l l  volume 
was over  f i v e  t i m e s  as g r e a t .  Y e t  t h e  1974 storm, occu r r ing  when the  f i e l d  
w a s  c l ean ly  c u l t i v a t e d ,  produced t h r e e  times as much sediment as the  1975 
storm. T o t a l  r a i n f a l l  between the  storm of A p r i l  30, 1975 and t h a t  of  
December 15 ,  1975 w a s  30.1 inches .  However, t h e r e  w a s  on ly  1.0 inch of 
runoff  and sediment y i e l d s  were q u i t e  low. This  w a s  a t t r i b u t e d  p r imar i ly  
t o  t h e  presence of v e g e t a t i o n  and s t u b b l e  r e s i d u e  a s s o c i a t e d  wi th  t h e  
double cropping system. 

F i e l d  8 was d isked  on May 5, 1976 t o  prepare  a convent ional  seedbed. The 
f i r s t  s torm t h e r e a f t e r  occurred on May 13. The 2.82-inch s torm (1.20 
inches  per  hour maximum i n t e n s i t y )  r e s u l t e d  i n  a sediment y i e l d  averaging 
181 pounds pe r  acre. A 2.53-inch r a i n  f e l l  on the  c l ean ly  c u l t i v a t e d  f i e l d  
on June 2, 1976; and r e s u l t i n g  runoff  w a s  1.58 inches .  Not only  w a s  sediment 
y i e l d  h igh  a t  141  pounds per  a c r e ,  bu t  i n f i l t r a t i o n  was less than 38 percent .  

The advantage o f  n o- t i l l  p r a c t i c e s  f o r  e ros ion  c o n t r o l  is v i v i d l y  i l l u s t r a t e d  
by t h e  t h r e e  s torm even t s  shown f o r  F i e l d  9 f o r  1976. To ta l  r a i n f a l l  and 
runoff  dur ing  t h e  March 5 s torm were n o t  very g r e a t  (1.25 and 0.32 inches,  
r e spec t ive ly )  . However, t he  h igh  rainfall i n t e n s i t y  (4 .68  inches per  hour) ,  
coupled wi th  the  s p a r s e  v e g e t a t i v e  cover provided by t h e  wheat a t  t h a t  t i m e ,  
r e s u l t h d  in a sediment y i e l d  of 137 pounds per  acre. On Apr i l  24, when t h e  
r a i n f a l l  rate and q u a n t i t y  w e r e  less and t h e  wheat growth w a s  cons iderably  
g r e a t e r ,  t h e  sediment y i e l d  w a s  on ly  7 pounds per  a c r e .  When the  s torm of 
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Ju ly  14  occur red ,  t h e  wheat had been ha rves t ed  and soybeans had been 
p l an t ed  i n  t h e  s t u b b l e .  Due t o  t h e  e x c e l l e n t  ground cover  on  undis tu rbed  
s o i l ,  t h e  runof f  of 0 .02  i nches  w a s  on ly  one pe rcen t  of t h e  r a i n f a l l  and 
sediment y i e l d  was on ly  3 pounds pe r  acre. 

F i e l d  9 conta ined  a mix ture  of conven t iona l l y  t i l l e d  and n o - t i l l  soybeans 
i n  1977 and 1978. Table 1 shows t h a t  more s o i l  was l o s t  i n  1978 when a 
h ighe r  percen tage  of t h e  area was conven t iona l l y  t i l l e d .  Observat ion of 
runof f  water e n t e r i n g  t h e  grassed  waterway du r ing  t h e  s p r i n g  and summer 
months i n d i c a t e d  t h a t  v i r t u a l l y  a l l  of t h e  s o i l  e r o s i o n  which occur red  w a s  
on t h e  conven t iona l l y  t i l l e d  a r e a s .  

PERFORMANCE OF DOUBLE CROP SOYBEANS 

A t o t a l  of 310 a c r e s  of double  c r o p  soybeans were grown i n  produc t ion  f i e l d s  
a t  Milan between 1971 and 1979 as i n d i c a t e d  i n  Table  2 .  Produc t ion  p r a c t i c e s  
changed from yea r  t o  yea r  as improved variet ies ,  h e r b i c i d e s ,  and f i e l d  
machines were developed and became a v a i l a b l e .  The most promising p r a c t i c e s  
i n d i c a t e d  by replicated experiments  conducted s imul taneous ly  were app l i ed  
i n  t h e  produc t ion  f i e l d s .  Mean per- acre  y i e l d  was 32 bushe l s  over  t h e  
nine- year per iod .  Yie lds  o f  s i n g l e  c rop  soybeans i n  similar produc t ion  
f i e l d s  averaged 36 bushe l s  pe r  a c r e .  Thus, y i e l d s  of n o - t i l l  double  crop 
soybeans averaged 11 pe rcen t  below y i e l d s  of s i n g l e  c rop  beans grown with 
convent iona l  t i l l a g e .  

Seve ra l  r e s e a r c h e r s  have no ted  t h a t  row spac ing  i n  s t u b b l e  p l an t ed  soybeans 
w a s  more impor tan t  than  i n  convent iona l  p l a n t i n g s .  Thus, f i v e  soybean 
varieties were eva lua t ed  from 1974 through 1976 i n  rows spaced 40 and 20 
inches  a p a r t  p l an t ed  n o - t i l l  i n  wheat s t u b b l e .  Table  3 shows t h a t  a pos i­
t ive y i e l d  response  t o  t h e  c l o s e r  row spac ing  was ob ta ined  each yea r .  The 
average  response  of t h e  f i v e  v a r i e t i e s  t o  t h e  c l o s e r  row spac ing  was about  
5 bushe l s  per  acre y i e l d  i n c r e a s e .  There w a s  no s i g n i f i c a n t  variety/row 
spac ing  i n t e r a c t i o n  i n  any y e a r .  

. 	 Performance of fou r  soybean var ie t ies  was eva lua t ed  from 1977 through 1979 
i n  rows spaced 10 and 20 i nches  a p a r t .  P l a n t i n g s  were n o- t i l l a g e  immediately 
fo l lowing  wheat harvest. Soybeans i n  t h e  10- inch rows y i e l d e d  a n  average  
of t h r e e  bushe l s  pe r  a c r e  more than  p l a n t i n g s  i n  20-inch rows as shown i n  
Table  4.  However, t h e  y i e l d  response  w a s  s i g n i f i c a n t  i n  on ly  one yea r ,  
1977. The o v e r a l l  low y i e l d s  observed i n  1977 were a t t r i b u t e d  t o  s e v e r e  
drought  c o n d i t i o n s .  The h i g h e r  p roduc t ion  f i e l d  y i e l d s  i n  1977, shown i n  
Table 2,  r e s u l t e d  from p l a n t i n g s  made a f t e r  t h e  s e v e r e  drought  c o n d i t i o n s  
had ended. A s  i n  t h e  prev ious  row spac ing  s tudy ,  t h e r e  was no variety/row 
spac ing  i n t e r a c t i o n  i n  any of t h e  t h r e e  y e a r s .  

P l a n t i n g s  i n  narrow rows may h e l p  reduce s o i l  e r o s i o n  as w e l l  as i n c r e a s e  
y i e l d .  The p l a n t  canopy w i l l  tend t o  absorb most of t h e  r a ind rop  impact 
energy,  and t h e  a d d i t i o n a l  p l a n t  m a t e r i a l  w i l l  p h y s i c a l l y  r e s t r a i n  t h e  s o i l  

Date of p l a n t i n g  s t u d i e s  have i n d i c a t e d  t h a t  p l a n t i n g  a f t e r  June 1 r e s u l t s  
i n  reduced soybean y i e l d s .  A s  i n d i c a t e d  i n  Table  1, produc t ion  f i e l d s  
p l an t ed  i n  s t u b b l e  were never  seeded b e f o r e  mid-June. Cons idera t ion  i s  
be ing  g iven  t o  s eed ing  soybeans i n  green wheat t o  overcome t h e  pena l ty  o f  
l a t e  s eed ing  i n h e r e n t  wi th  s t u b b l e  p l a n t i n g  systems.  Performance of soybeans 
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grown i n  f i v e  cropping sys tems ,  inc luding  seeding i n  green wheat, w a s  com­
pared a t  Milan from 1977 t o  1979. The c u l t u r a l  p r a c t i c e s  are descr ibed and 
average annual y i e l d s  are given i n  Table 5. Recall t h a t  drought condi t ions  
e x i s t e d  a t  t he  t i m e  of p l a n t i n g  i n  1 9 7 7  and continued f o r  s e v e r a l  days. 
Seeding i n  green wheat d id  not  r e s u l t  i n  increased  y i e l d s  over s t u b b l e  
p l an t ing .  S o i l  moisture content  a t  p l an t ing  w a s  observed t o  be c r i t i c a l  
f o r  beans seeded a e r i a l l y  i f  adequate  s t a n d s  were t o  be e s t a b l i s h e d .  Only 
f i e l d s  r e l a t i v e l y  f r e e  of  weeds lend themselves t o  seeding  i n  t h e  growing 
wheat. 

SUMMARY 

No- t i l l  p l a n t i n g  i n  s t u b b l e  is an e f f e c t i v e  practice f o r  reducing s o i l  l o s s  
by water e ros ion .  For a 12-year per iod  of  record ,  maximum r a i n f a l l  in ten­
s i t y  apd peak rate of runoff  occurred dur ing  the  months of  A p r i l  through 
June. These months inc lude  t h e  per iod  of concent ra ted  seedbed p repa ra t ion  
and p l a n t i n g  under a convent ional  t i l l a g e  system; and l o s s e s  of unprotected,  
f r e s h l y  t i l l e d  s o i l  may be l a r g e .  

Yie lds  of double c rop  soybeans s t u b b l e  p lan ted  i n  wheat averaged 11 percent  
below those  of s i n g l e  c rop  soybeans i n  convent ional  seedbeds. Average 
y i e l d s  of  double c rop  beans were increased  by f i v e  bushe ls  p e r  acre when 
row spacing w a s  reduced from 40 t o  20 inches .  Seeding i n  green  wheat did 
not  produce a y i e l d  advantage over  p l a n t i n g  i n  s t u b b l e  fo l lowing  wheat 
harves t  . 
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Figure 1. 	 Seasonal distribution of rainfall and runoff on Field 8 

at Milan, Tennessee, 1966-1977. 




Table 1. 	 Rainfall, r uno f f ,  and sediment y i e l d  during s e l e c t e d  events  and associated with 
convent iona l  t i l l a g e  (CT) and n o - t i l l  (NT) soybean produc t ion  on two f i e l d s  a t  
Milan Experiment S t a t i o n  

R a i n f a l l  f f Sediment 
Max. Rate To ta l  Peak Rate T o t a l  Yield 

F i e ld  Date T i l l a g e  Crop ( i n . )  ( i n .  (in.) 

5 / 1 5 / 7 4  Soybeans, 1.44 0.60 0.29 0.31 6 
CT No Winter 0.72 0.27 0.12 0.23 

7 / 4 / 7 4  Cover 3 .57  0.97 0.25 0 .31 3 3  

75 Double 2.64 0 .83  0.45 0.67 10 
NT Crop, 2.00 1 . 4 3  0.34 0.69 3 

1 2 / 1 5 / 7 5  beans and 0.80 1.48 0.05 0.07 0 . 4  
Wheat 

3 / 5 / 7 6  Double 1.25 0.32 0.32 137 
4 / 2 4 / 7 6  NT Crop,  2.40 0 .90 0.12 0.11 7 

14I 7 6  beans and 1.60 1 .60 0.02 0.02 3 
Wheat 

7 / 1 1 / 7 7  90% NT Soybeans 4.27 0.70 0.12 0.13 2 
and Wheat 0.90 0.80 0.02 0.07 2 

9 / 2 4 / 7 7  10% CT Soybeans 2.07 1 .73 0.06 0.27 10 -
1 / 9 / 7 8  90% CT Soybeans 2.28 4.14 0.47 1 .74 7 1  
51 2.28 1.15 0.29 0.50 86 
6 / 2 1 / 7 8  10% NT Soybeans 4.30 0.80 0 .41  0.30 101 

and wheat 

8 

8 

9 

9 

9 



1 7 8  


Table 2. 	 Performance of soybeans p lan ted  
n o- t i l l  i n  wheat s t u b b l e  a t  Milan 
Experiment S t a t i o n  from 1971 t o  
1979 

P lan t ing  No. o f  Mean Yield,  
Year Date Acres Bu/A-
1971  6/15-18 11 36 

1972 6/14-17 28 24 

1973 6/19 5 41 

1 974 6/20 2 8  28 

1975 6/18-23 47 30 

1976 6/14-22 82 27 

1977 7/5 32 24 

1978 6 /26  18 34 

1979 6/14-16 59 42 

Table 3. 	 Mean y i e l d s  of f i v e  soybean v a r i e t i e s  
p lan ted  n o- t i l l  wi th  row spacings of 
20 and 40 inches  i n  wheat s t u b b l e  a t  
Milan Experiment S t a t i o n  

Row 

Spacing, Mean Yield,  Bushels per  Acre 

inches 1974 1975 1976 

40 35 1 7  2 3  

20 38 26 2 1  
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Table 4. 	 Mean y i e l d s  of four  soybean v a r i e t i e s  
p lan ted  n o- t i l l  wi th  row spacings of 
10 and 20 inches  in wheat s t u b b l e  a t  
Milan Experiment S t a t i o n  

Row 
Spacing, Mean Yie ld ,  Bushels per Acre 

1978inches  1977 - 1979 

20 8 29 31 23 

10 1 4  30 34 26 

Table 5 .  	 Performance of soybeans grown i n  f i v e  cropping systems a t  
Milan Experiment S t a t i o n  from 1977 t o  1979 

Mean Yield (Bu/A) 
1977C u l t u r a l  P r a c t i c e  -

1. S i n g l e  crop,  convent ional  seedbed 56 39 44 46 

2. No- ti l l  i n  wheat s t u b b l e  7 34 44 28 

3. Conventional seedbed a f t e r  wheat h a r v e s t  4 37 41 27 

4. D r i l l e d  i n  green wheat b e f o r e  heading 6 28 46 26 

5. Simulated aer ia l  seeding  i n  green wheat 0 14 36 1 7  



SOIL FERTILITY AND ITS RELATIONSHIP TO CROP PRODUCTION COST 
IN NO-TILLAGE SYSTEMS 

J.T. Touchton 

The rapidly  increasing cos t  of crop production i s  forcing an interest i n  
p rac t i ces  t h a t  reduce o r  e l iminate  s p e c i f i c  cos t  va r i ab les  normally asso­
c ia ted  w i t h  crop production. Some prac t i ces  which have been shown t o  be 
benef ic ia l  i n  reducing production cos t  a r e  reduced t i l l a g e ,  double crop-
ping, and crop ro ta t ions .  Reduced t i l l a g e  operat ions decrease operating 
cos t s  such a s  fuel and labor ,  however, added cos t  of  special  herbicides 
may o f f s e t  this advantage i f  an e f f e c t i v e  weed control management system
i s  not u t i l i z e d .  Double cropping systems help decrease f ixed cos t s  by
spreading cos t  associated w i t h  taxes ,  land r e n t ,  and equipment over excep­
t i o n a l l y  long growing seasons r a t h e r  than over a few months d u r i n g  the 
s p r i n g  and summer. Double cropping winter  legumes w i t h  summer annuals such 
a s  corn and sorghum may subs tan t i a l ly  reduce the amount of nitrogen (N)
required f o r  summer crop production. Crop ro ta t ions  a r e  e f f e c t i v e  i n  elim­
inat ing specia l  weed problems and can be a b i g  advantage i n  f e r t i l i z e r  u t i ­
l i z a t i o n ,  e spec ia l ly  i f  leguminous/non-leguminous systems a r e  used. 

Other methods used t o  cu t  production cos t  include reductions i n  f e r t i l i z e r  
usage, p lant  populations, and herbicide usage. Excessive reduction i n  any
o f  these and s imi la r  e s sen t i a l  items may reduce crop y i e l d  below an econom­
i c a l  level  and ac tua l ly  increase r a t h e r  than decrease production cos t .  

The purpose of th is  paper i s  t o  r epor t  results from some of the f e r t i l i t y /
t i l l a g e  research s tud ies  conducted in cent ra l  and n o r t h  Georgia during the  
pas t  th ree  years  and r e l a t e  these  management p rac t i ces  t o  production cos ts .  
The reader should be aware t h a t  the  pr ices  quoted may vary among seasons 
and locat ions .  Cost figures were va l id  a t  the  time and locat ion a t  which 
the research was conducted, b u t  may not be val id  f o r  o the r  locat ions  o r  
future purchases. Most of the studies c i t e d  i n  this  paper have not been 
completed and r a t e s  of f e r t i l i z e r  o r  herbicides used should not be i n t e r ­
preted a s  a recommendation. 

Value of maintaining optimum phosphorus levels 
f o r  double-cropped, no- t i l l age  wheat and soybeans 

Wheat and n o- t i l l a g e  soybeans have been double-cropped on a Ceci1 s o i l  with 
various P l e v e l s  f o r  the pas t  two years.  Treatments were a one time ap­
p l i ca t ion  of P2O5 applied i n  the  f a l l  of  1977. Applied P ,  cos t  of P ,  s o i l  P 
l e v e l s ,  soybean and wheat y ie lds  a r e  l i s t e d  i n  Table 1 .  There i s  no doubt 
t h a t  the $15/acre cos t  of  applying 130 lbs /acre  of P2O5 i n  the fa1l of 1977 
was a sound economical investment. T h i s  appl ica t ion increased net  r e tu rns  
over the two year period by approximately $95/acre f o r  wheat and $90/acre
f o r  soybean. There was, however, a more economical return than i l l u s t r a t e d  
by y i e l d  alone,  e spec ia l ly  with no- t i l l age  soybean production. In both 

J.T. Touchton was Assis tant  Professor,  Dep. of Agronomy, Georgia S tn . ,  Uni;. 
of G A . ,  Experiment, G A . ,  and i s  now Associate Professor,  Dep. of Agronomy
and S o i l s ,  Auburn  U n i v . ,  Auburn ,  A L .  
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years ,  soybeans grown on the  low P s o i l  f a i l e d  t o  develop a closed canopy
w h i c h  resul ted  i n  extreme b u t  unnecessary weed pressure. To e f f e c t i v e l y  
control  weeds i n  the  low P p l o t s ,  soybeans had t o  be post d i rec ted  twice i n  
both years w i t h  contact  herbicides which added $12/acre/year t o  the  produc­
t ion  cost of the lower y ie ld ing soybeans. 

Table 1 .  	 Applied P2O5, cos t  of applied P ,  soi l  P levels,  and y i e l d  of 
double cropped no- t i l l age  soybean and wheat. 

Annlied c o s t /  
Soi l  P level  Wheat 
1978 1979 1978 1979 

Yields
'2'5 ac re  

lbs /acre  $ -l bs/acre-

0 0 10 9 32 20 34 36 
130 15 20 19 46 35 40 43 
260 30 56 32 40 39 45 45 
520 60 96 100 35 38 46 46 
780 90 200 168 29 38 46 47 

Applying l a rge  appl ica t ions  of P every three of four years  instead o f  rec­
commended annual r a t e s  wi l l  reduce t o t a l  appl ica t ion cos t  b u t  may be d e t r i ­
mental t o  wheat y ie lds .  Early season wheat g rowth  and winter  survival  
increased as applied P increased i n  both years ,  b u t  i n  1978 wheat grain
y i e l d  decreased when a p p l i e d  P205 rates were grea te r  t h a n  260 lbs /acre
(Table 1 ) .  The 1977/1978 growing season was favorable f o r  glume blotch i n ­
fec t i ans ;  the infect ion along w i t h  l o d g i n q  was re la ted  t o  excessive P ,  
appl ica t ions  (Table 2 ) .  In order t o  avoid poss ib le  problems associated 
w i t h  excessive P ,  f e r t i l i z e r  appl ica t ion rates shou ld  always be based on 
soi l  test  recommendations. 

Table 2. 	 Lodging and glume blotch in fec t ion  of wheat i n  
1978 a s  af fec ted  by applied P2O5. 

Appl i ed Lodgi ng Glume blotch 
6 A p r i l  4 June infect ion'2'5 

1

0 0 0 29 
130 30 35 47 
260 40 64 70 
520 53 77 73 
780 65 95 84 

Data i n  Table 2 was col lec ted  by B.M. Cunfer, Dept. of 
Plant  Pathology, Georgia S ta t ion ,  Experiment, GA. 
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Time and method of P fertilization 

for double-cropped wheat and soybeans 


Phosphorus mobility in soils is restricted and losses through leaching are 
generally not encountered. The restricted mobility and non-leaching charac­
teristics of the phosphate ions will permit advanced applications of P 
fertilizers. In double-cropping systems, once a year applicatons instead 
of fertilization for each crop can cut production cost. However, as previ­
ously pointed out, over-fertilization with P can decrease wheat yield and,
in addition, P fertilizers can be converted to a form that is not readily
available for plant uptake which may be a disadvantage to applying P several 
months in advance of planting, especially on low soils. In continuous no-
tillage systems, P fertilizers may accumulate at or near the so i l  surface 
and could possibly result in P deficient subsurface soils. 

A major study was established in the Georgia Piedmont on a Cecil sandy loam 
soil in the fall of 1977 to investigate the effects of time and methods of 
P application on wheat and soybean yields. Treatments consisted of times 
of application (fall only, spring only, and fall plus spring); methods of 
application (incorporated and unincorporated); and P rates (0,65, 130,
and 260 lbs/acre/year). Method of application is a form o f  tillage
and no-tillage, since phosphorus was incorporated by turning and disking
immediately after application. 

In 1978, there was a response to applied P (Table 3) but no differences in 
methods of application. Maximum yield was obtained with the 65 lb/acre/year

application which cost approximately $7.50/acre. This $7.50/acre/year
investment resulted in an increased gross return of $3l/acre for wheat and 
$90/acre for soybeans. With adequate P applications (65 lbs/acre/year),

prior to planting soybeans were efpreemergence residual herbicides applie ­
fective in supressing weed growth. Postemergence herbicide applications in 
the unincorporated, no-tillage plots and cultivation in the incorporated,
conventional tillage plots were not required. The no-tillage system at the 
optimum P level resulted in an approximate $10/acre savings in total produc­
tion cost over the conventional tillage system; however, in the conventional 
ti1lage system, a more economical preemergence herbicide program could prob­
ably have been utilized which would have helped equalize the production cost 
between the tillage systems. The biggest advantage for no-tillage would 
have been in time saved during land preparation. When soybeans were grown 
at the low fertility level (no applied P205), cost of the postemergence
herbicides required for effective weed control was much greater than cul­
tivation cost for the conventional tillage system. 

In 1979, wheat yield for the conventional tillage, incorporated P treatments 
averaged 10 bu/acre higher than yield from the no-tillage system. The yield
difference could not be equalized with the cheaper no-tillage production 
system. Lower wheat yield with the no-tillage system was a result of a 
poorer stand than with the conventional tillage system. 

Soybean yield was lower in 1979 than 1978 but the response to applied P was 
similar in both years. The conventional tilled beans averaged 35 bu/acre
and the no-tillage beans averaged 40 bu/acre. The soybean yield increase 
with no-tillage equalized the loss obtained with no-tillage wheat, but the 
most economfcal practice was w i t h  the conventional tilled wheat and no-tilled 
soybeans. 
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Table 3. 	 Yield o f  wheat and soybeans i n  1978 as 
af fec ted  by applied phosphorus 

Appl 
'2'5 

i ed Yield 
Wheat Soybean 

3& 

1 acre

0 34 
65 48 46 

130 46 47 
2 60 46 45 

a r e  averaged over two methods of 
appl ica t ion and th ree  times of appl ica t ion.  

Nitroqen f e r t i l i z e r  f o r  gra in  sorqhum
when no- t i l l ed  i n t o  crimson clover 

When winter crops a r e  p l a n t e d  f o r  the s o l e  purpose of p r o v i d i n g  a no-
t i l l a g e  mulch, a winter legume may be an economical choice fo r  the winter  
cover crop. Legumes will genera l ly  prov ide  an adequate mulch so t h a t  the 
advantages  o f  no- t i l l age  can be rea l ized and i n  add i t ion ,  they may a l s o  
provide an adequate quant i ty  of N f o r  the summer crop. The  cost  o f  seeding
these legumes cos t  $20 t o  $25/acre, which i s  approximately equal t o  the p r ice  

\ 	 of 100 pounds of N .  In  the Southern Piedmont of  Georgia, crimson clover 
will  mature in mid- to- late May w h i c h  i s  an ideal  time f o r  planting g r a i n
sorghum. Allowing these legumes t o  mature each year will  e l iminate  the cost  
of reseeding each f a l l ,  thereby providing an exceptionally low cost N source 
and n o- t i l l  mulch. 

A major study was es tabl ished i n  the  Southern Piedmont of Georgia i n  1977 
t o  evaluate crimson c lover  as  a p a r t i a l  o r  complete source of N f o r  grain
sorghum production. The gra in  sorghum was no- t i l l ed  i n t o  self- seeded,  
mature crimson clover.  Nitrogen was applied t o  the  g ra in  sorghum a t  r a t e s  
of 0,  13, 27, 40, 80, and 120 lbs/acre. There was no response t o  applied N ,
therefore only 3 r a t e s  a r e  shown i n  Table 4. The nitrogen p lo t s  were sp l i t
i n t o  two appl ica t ion periods ( a t  planting and 30 days a f t e r  p l a n t i n g ) ,  b u t  
time of appl ica t ion d i d  not influence y ie ld .  The N produced by the clover 
reduced production cost  of gra in  sorghum approximately $20/acre/year. I t  
i s  noteworthy t h a t  the  2-year average grain sorghum y i e l d  was 100 bu/A
where the sole source of N was the legume. Since the clover reseeded i t -
s e l f  each year ,  there was no cos t  fo r  c lover  establishment except f o r  the 
i n i t i a l  seeding. 

Addi t iona l  treatments included removing the c lover  tissue a t  maturi ty f o r  
hay and n o - t i l l i n g  sorghum i n t o  the clover stubble.  T h i s  did not  e f f e c t  
re-establishment of c lover  the following f a l l  o r  influence g r a i n  sorghum
y i e l d  r e l a t i v e  t o  applied N .  However, an addi t ional  considerat ion r e l a t e s  
t o  replacing P and K removed i n  the  clover which can be an added cos t  fac­
t o r .  Phosphorus and K removed i n  the  clover t i s s u e  averaged 14 and 138 
lbs/acre, respect ively .  Replacement cos t  would be approximately $8/acre
f o r  P and $2l /acre  f o r  K. The value and need f o r  t h e  c lover  hay may e a s i l y  
overcome this addi t ional  c o s t .  
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Table  4. 	 Yield o f  g r a i n  sorghum n o- t i l l e d  i n t o  
mature  crimson c l o v e r  a s  a f f e c t e d  by
appl i ed n i  t rogen 

Appl i e d  
n i t rogen  1978 

Year 
1979 

1

0 94 106 
40 90 112 

120 96 110 

Choice of double  cropping systems may
he lp  dec rea se  f e r t i l i z e r  c o s t  

In  many n o- t i l l a g e  systems, cont inuous g r a i n  c rops  a r e  grown on the s o i l  
throughout  the yea r .  S tubb l e  and unused m a t e r i a l s  from each c r o p  remains 
on the s o i l  s u r f a c e  a s  a n o - t i l l a g e  mulch f o r  the fol lowing c rop .  Two 
compatable cropping systems a r e  wheat double  cropped w i t h  soybeans and wheat 
double  cropped w i t h  g r a i n  sorghum. When wheat follows soybeans,  N app l i ca­
t i o n  t o  wheat can be reduced r e s u l t i n g  i n  a s u b s t a n t i a l  s av ings  i n  N fer t i l i ­
zer c o s t .  Yield from a N f e r t i l i z e r  wheat s tudy  fo l lowing  n o - t i l l a g e  g r a i n
sorghum and n o - t i l l a g e  soybeans a r e  l i s t e d  i n  Table  5. Nit rogen fert i l izer 
r equ i r ed  f o r  maximum wheat y i e l d  was 60 l b s / a c r e  when p l an t ed  behind soy-
beans and 100 l b s / a c r e  when p l an t ed  behind g r a i n  sorghum. Considering
p o s s i b l e  weed, d i s e a s e ,  insect, and nematode problems, a good management 
system would n o t  i nc lude  cont inuous  double  cropped wheat and soybeans f o r  
s e v e r a l  y e a r s  on the  same s o i l .  However, when wheat f o l l ows  soybeans i n  the 
o v e r a l l  cropping system, the  cos t  sav ing  advantage w i t h  reduced N f e r t i l i z e r  
should be u t i l i z e d .  

Table  5.	 E f f e c t  o f  f a l l  and winter N a p p l i c a t i o n s  on 
y i e l d  of  wheat fo l lowing  soybeans o r  g r a i n
sorghum. 

February 

app l i ed  N 

Soybeans Sorghum
0 20 40 0 20 40 


1 wheat yield,  bu/acre  


0 31 40 41 4 12 24 

20 47 45 58 14 28 29 

40 48 46 52 21 39 39 

60 50 54 55 34 45 51 

80  51 48 51 50 52 55 
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Source and method of nitrogen

fertilization for no-tillaqe corn 


Many agricultural specialists have suggested that no-tillage corn requires 
more N than conventional tillage corn. These suggestions are partially er­
roneous. The amount o f  N required for a specific variety to produce top
yields is the same regardless of production practice. If more N is lost 
from the soil or is immobilized in one system than another, then more N 
fertilizer may be required in the higher loss system to supply the plant
with sufficient quantities of N to produce maximum yield. 

Unfortunately, some of the cheaper N fertilizers are more susceptible to 

losses through ammonia volatilization than the more expensive ones. These 

losses are often accelerated with surface applications in no-tillage systems.

An example of nitrogen sources that are susceptible to N losses through am­

monia volatilization is urea and urea containing compounds such as 28, 30, 

and 32% N solutions. Climatic and soil conditions that determine the po­

tential for ammonia volatilization are numerous and whether or not losses 

will occur in any particular system are difficult to predict. 


Surface applications of N solutions in no-tillage systems, which is a common 

practice, can be risky. In some years N losses will be insignificant, but 

in others,losses may be severe due to factors such as inadequate moisture,

high soil pH and/or high temperatures. In no-tillage systems it may be best 
to use ammonium nitrate which is not very susceptible to N losses through
ammonia volatilization. However, if the price difference between ammonium 
nitrate (19% liquid or 34% solid) and the various urea-ammonium nitrate 
solutions is substantial, it may be more economical to use the solutions. 
Even under maximum loss conditions, from solutions seldom reach 
25% of the amount applied. It may be more economical to apply a high rate 
of the N solution if the price o f  solid ammonium nitrate is 15% or greater
than solution costs (based on cost per pound o f  actual N). 

A comparison between solid ammonium nitrate and 32% N solutions in no-

tillage corn production indicated there was no difference between the two 

sources in 1978 but a difference in favor of NH4N03 in 1979 (Table 6.)

Due to the many factors that may influence losses of urea-N from the soil,

it is difficult to predict in advance when it would be safe to surface apply 

urea-N compounds to the surface of no-tilled soils. 
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Table 6. No-tilled corn y i e l d  a s  af fec ted  by n i t rogen  sources 

Year and nitrogen source 
1978 1979 

Appl ed N trogen
nitrogen n i t r a t e  sol  u t i on n i t r a t e  so lu t ion  

1 grain y i e l d ,  

80 137 133 132 110 
160 144 149 155 147 
240 165 161 172 157 

s o l i d  amnonium n i t r a t e  

urea - ammonium n i t r a t e  solut ion 

S t a r t e r  f e r t i l i z e r  f o r  ea r ly  planted 
no- t i l l age  grain sorghum 

When s o i l s  a r e  cool ,  sorghum i s  a slow growing plant .  T h i s  slow growth will 
increase s u s c e p t i b i l i t y  t o  insec t  and disease  damage, and i n  season when 
preemergence herbicide a c t i v i t y  i s  poor, weeds may grow as f a s t  as  the  sor­
ghum plant .  T h i s  equal weed growth may prevent s a t i s f a c t o r y  appl ica t ion of 
post  d i rec ted  herbicides.  

In ratooning systems, the i n i t i a l  seeding must be planted i n  r e l a t i v e l y  cool 
s o i l s  during l a t e  winter o r  e a r l y  sp r ing  so t h a t  the  second crop will mature 
before a k i l l i n g  f r o s t  occurs i n  l a t e  f a l l .  In 1977 and 1978, e a r l y  n o- t i l l  
planted sorghum on some of the University of Georgia's experimental s t a t i o n s  
grew much slower than did e a r l y  planted convent ional- t i l led  sorghum. In 
1979, a study was designed t o  inves t iga te  the poss ib le  use of s t a r t e r  f e r t i ­
l i z e r s  t o  increase  growth r a t e  of e a r l y  planted no- t i l l age  sorghum. Results 
of test conducted a t  Plains and Griffin, Georgia (Table 7)  ind ica te  t h a t  
the re  may be an economical advantage i n  using these f e r t i l i z e r s .  Growth 
rates during the  f i r s t  two months a f t e r  planting were almost twice a s  g rea t
when s t a r t e r  f e r t i l i z e r  was applied than when i t  was not applied.  I n  ad­
d i t i o n ,  p lan t s  receiving s t a r t e r  f e r t i l i z e r  matured 7 t o  14 days e a r l i e r  
than those not  receiving s t a r t e r  f e r t i l i z e r .  When averaged over N r a t e s  
the  use of s t a r t e r  f e r t i l i z e r  increased net  returns $14/acre a t  P la ins  and 
$25/acre a t  Griffin. 
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Table 7. 	 Yield of early planted sorghum as affected by N and 
starter fertilizers at Plains and Griffin, GA, 1979 

Location and starter 
Griffin


0 
Plains 

80 -
i sorghum yield, bu/acre 

0 22 32 39 54 
40 31 41 64 79 
80 39 45 70 88 

120 42 47 68 88 

sorghum was planted in an in-row subsoiler. The 
starter fertilizer (DAP or 18-46-0) was applied in the 
subsoil tract at planting. 

was applied four weeks after planting 


If soil test values are medium to high in P and/or K, the total amount of 

these fertilziers needed may be applied as a starter application; thereby,

eliminating costly fertilzier application. However, high concentration of 

fertilizers should not be placed in contact with the seed or banded directly

beneath the seed. 


Conclus i on 

Methods to reduce production cost or at least slow down the rate of increase 
must be developed and utilized. Properly managed no-tillage and double crop-
ping systems appear to be excellent methods for reducing cost. Fertilizer 
cost increased during the past year and will probably continue to increase. 
A reduction in fertilizer use is tempting but as pointed out in this paper, 
an over-reduction in fertilizer use can actually increase production cost. 
Cost associated with fertilizer use may be reduced through proper applica­
tion method, source selection, and crop rotations. Regardless of production
practice, tillage system, or crop rotation, the most economical method for 
determining fertilizer application rate is through soil testing. When ir­
rigation systems are utilized, plant analysis should be used, along with a 
soil testing, to determine the most economical fertilizer rates. 



REDUCING ENERGY INPUTS INTO NO-TILLAGE SYSTEMS 

ALBERT C. TROUSE, JR. AND CARL A. REAVES 

No- tillage farming i s  c r e d i t e d  wi th  conserving soi l ,  water, on-farm f u e l ,  
t i m e ,  and labor. I n  add i t i on ,  it increases  y i e l d ,  improves p l an t ing  and 
ha rves t  t iming,  reduces some weather risks and s o i l  damage, and permits  
fanning of land too s t e e p  t o  till under convent ional  systems ( P h i l l i p s  and 
Young, 1973). I f  convent ional  t i l l a g e  is unnecessary, t h e  e l imina t ion  of 
f u e l ,  l abo r ,  and material now used t o  produce, assemble, and d e l i v e r  t h e  
b ig  machinery f o r  convent ional  t i l l a g e  would inc rease  savings.  Successful  
no- t i l l age  farming, however, re l ies  heavi ly  on chemicals f o r  pes t  con t ro l ,  
and t h e r e  i s  some quest ion as t o  t h e  o v e r a l l  sav ings  when energy required 
to produce t h e s e  chemicals is considered. T r u e  sav ings  are  b e s t  evaluated 
by comparing t h e  t o t a l  f u e l  input  a g a i n s t  t h e  output  of  marketable a g r i­
c u l t u r a l  products.  

Many of t h e  advantages a t t r i b u t e d  t o  no- t i l l age  farming do occur ,  hut 
only when soils are i n  except iona l  phys ica l  condi t ion.  Such s o i l s  a r e  
common i n  v i r g i n  l ands  and i n  w e l l  d ra ined  pas tures  and hay f i e l d s  t h a t  
have been w e l l  husbanded over  many years. These are s o i l s  without t h e  
pans and c r u s t s  t y p i c a l  i n  f i e l d s  t i l l e d  and t r a f f i c k e d  year  a f t e r  year 
w i th  heavy machinery. Af te r  yea r s  of convent ional  t i l l a g e  and t r a f f i c ,  
t h e  s t r u c t u r e  of t o p s o i l  degrades and e a s i l y  compacts i n t o  dense bands. 
Root systems confined by t r a f f i c  l anes  above impenetrable  plowpans have 
access only  t o  moisture s tored  between these  bands. Water unable t o  
seep r a p i d l y  through compressed bands rushes  down compacted t i re  l a n e s ,  
t r anspor t ing  va luab le  t o p s o i l  and expensive chemicals from t h e  f i e l d .  

Crops can surv ive  when r o o t s  are  confined t o  such narrow "window boxes,' '  
bu t  u s u a l l y  f a i l  t o  produce s a t i s f a c t o r i l y .  And when n o- t i l l a g e  farmed, 
c rops  o f t e n  y i e l d  less than  i n  convent ional ly plowed and harrowed f i e l d s .  
The simple, d i r e c t  seeding employed i n  s tandard n o- t i l l a g e  reduces water 
and wind eros ion ,  but  c rops  grown i n  s o i l s  i n  less-than-good physical  
condi t ion  r e q u i r e  l a r g e r  rootbeds than those  formed by t h e  s l i g h t  d i s­
turbance provided by s tandard n o- t i l l a g e  p l an te r s .  Unless t h e  farmer can 
make a p r o f i t  using conservat ion systems, he cannot a f f o r d  t o  save s o i l ,  
water, and f u e l .  

NO-TILL-PLUS 

An alternate sys tem of n o- t i l l a g e  farming c a l l e d  "no- till- plus" has been 
developed t o  achieve  many of t h e  b e n e f i t s  of no- t i l l age  farming on l a n d s  
i n  poor phys ica l  condi t ion .  The system inco rpora t e s  an a d d i t i o n a l  opera­
t i o n :  t h e  "plus" r e f e r r i n g  t o  p lus  subsoi l ing  i n  a l o c a t i o n  where seeds 
are t o  be planted.  Subsoi le rs  are  a t t ached  t o  n o- t i l l  p l a n t e r s  to  open 
a narrow channel through t h e  plowpan t o  c r e a t e  a pathway i n t o  t h e  sub-
s o i l  f o r  deep root  development and rap id  e n t r y  of water and oxygen. 

Albert  C. Trouse, Jr. i s  So i l  S c i e n t i s t  and Carl A. Reaves is Agr icu l tura l  

Engineer, Nat ional  T i l l a g e  Machinery Laboratory, Agr icu l tura l  Research, 

Science and Education Administrat  ion , U. S . Department of Agr i c u l t u r e 

P. 0. Box 792, Auburn, Alabama 36830. 
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Since t h i s  system does not  des t roy  e x i s t i n g  cover o r  d i s t u r b  s o i l  between 
t h e  planted rows, i t  can be accepted as "no- tillage' '  in s p i t e  of t h e  
d r a s t i c  t i l l a g e  performed i n  narrow s t r i p s .  One might consider  t h a t  t h i s  
p l a n t e r  simply prepares  a deeper seedbed than t h a t  formed by most s tandard 
no- t i l l age  p l an te r s .  

Severa l  equipment manufacturers  i n  t h e  Southeast produce machines f o r  
no-t i l l- p l u s  farming. However, no-t i l l - p l u s  p l a n t e r s  r e q u i r e  a d d i t i o n a l  
t r a c t o r  power t o  p u l l  t h e  4-, 6-, o r  8-row machines. It is necessary f o r  
t r a c t o r s  t o  supply from 30-35 hp per  row t o  p u l l  t hese  p l a n t e r s  in con­
d i t i o n s  e x i s t i n g  i n  t h e  Coastal P l a ins  area. This fo rces  many farmers 
i n  t h e  Southeast  t o  upgrade t h e i r  t r a c t o r  s i z e s  t o  t h e  140 hp range t o  
handle a 4-row opera t ion .  However, many b e n e f i t s  of n o- t i l l a g e  farming 
can be achieved when f i e l d s  t h a t  a re  i n  less- than- ideal  phys i ca l  condi­
t i o n  are farmed wi th  no- t i l l- p lus  equipment. 

ROOTBED CONDITIONING 

So i l s  a l r eady  i n  i d e a l  phys i ca l  condi t ion  provide  good rootbeds  and 
r e q u i r e  no more than enough condi t ion ing  to  a s s u r e  good seedbeds f o r  a 
short period of  time. Such f i e l d s  a re  exac t ly  i n  t h e  condi t ion  f o r  which 
t h e  s tandard n o- t i l l a g e  implements were designed. Standard n o- t i l l a g e  
farming, however, i s  was t e fu l  of f u e l  when s o i l  and water are not  con-
served and y i e l d s  are n o t  a t  least comparable to  those obtained by 
convent ional  farming techniques.  

When t h e  horizon is not  badly degraded and excess ive  mois ture  is only 
a s l i g h t  problem, a l a r g e r  seedbed can be b e n e f i c i a l .  This may a l low 
s u f f i c i e n t  d ra inage  f o r  r ap id  r o o t  development w i th in  t h e  loosened soil  
as o the r  r o o t s  slowly p e n e t r a t e  through mi ld ly  compressed pans. I n  many 
areas of t h e  Coastal P l a i n s ,  however, t h e  degrada t ion  of  t h e  horizon 
i s  so  severe  t h a t  inadequate  rootbeds and excess ive  runoff are major 
problems. No- till- plus p l a n t e r s  have evolved t o  provide t h e  condi t ion ing  
needed t o  achieve t h e  b e n e f i t s  of n o- t i l l a g e  farming on such soils. Where 
t h e  phys ica l  condi t ion  of t h e  subso i l  is s a t i s f a c t o r y ,  a narrow, man-made 
ex tens ion  from seedbed through t h e  pan t o  t h e  subsoi l  can provide an 
adequate  rootbed. The passageway must completely pene t r a t e  t h e  plowpan 
f o r  rap id  dra inage  of  excess ive  moisture and t o  a l l ow r o o t s  access t o  
mois ture  s to red  i n  t h e  subso i l .  A good rootbed i s  e s s e n t i a l  f o r  success­
f u l  c rop  production and must be assured e i t h e r  by condi t ions  a l r eady  
e x i s t i n g  o r  by condi t ion ing  provided by machinery. 

NO-TILL-PLUS PLANTERS 

No- till- plus p l a n t e r s  c u r r e n t l y  incorpora te  a tandem arrangement of 
m u l t i p l e  condi t ion ing  t o o l s ,  followed by a p l an t ing  device.  Early models 
were e s s e n t i a l l y  assemblages of commercially a v a i l a b l e  t o o l s  t o  perform 
needed tasks .  S t r ing ing  o u t  t h e s e  t o o l s ,  e s p e c i a l l y  i n  multiple- row 
u n i t s ,  c r ea t ed  a load d i f f i c u l t  t o  l i f t  from t h e  s o i l  t o  a t r a v e l  posi­
t ion .  Some t r a c t o r s  could ba re ly  l i f t  t h e  can t i l eve red  load,  a l though 
they  had t h e  power t o  p u l l  t h e  p l a n t e r s .  P l a n t e r s  w e r e  condensed through 
c l o s e r  assembly, o r  through modif icat ion and e l imina t ion  of s o m e  t oo l s .  
The load  is now centered  c l o s e r  t o  t h e  t o o l  bar ,  easing t h e  stresses on 
beams and t h e  hydrau l i c  l i f t  u n i t .  
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A s  w i t h  most n o- t i l l a g e  p l a n t e r s ,  t h e  no- t i l l- p lus  p l a n t e r  r e q u i r e s  a 
c o u l t e r .  S o i l s  in  va r ious  phys i ca l  c o n d i t i o n s  r e q u i r e  d i f f e r e n t  c o u l t e r  
f e a t u r e s  t o  slice through va r ious  cover  c rops ,  sod o r  s t ubb l e ,  and chopped 
stalks, g r a i n  straws, o r  o t h e r  v e g e t a l  matter on t h e  su r f ace .  Cou l t e r s  
are essential t o  reduce t h e  bu i ldup  of t r a s h  and r o o t s  on t h e  s u b s o i l e r  
shank and t o  f r e e  d e b r i s  from t h e  pa th  of t h e  p l a n t e r ,  bu t  they  a l s o  
assist in t h e  p u l v e r i z a t i o n  needed f o r  a good seedbed. Problems caused 
by l a r g e  c lods ,  massive s o i l s ,  and binding roo t  systems must b e  reduced 
by proper  c o u l t e r  a c t i on .  S i z e  and t ype  o f  c o u l t e r ,  a s  w e l l  as t h e  
action r equ i r ed  t o  form a p a r t i c u l a r  seedbed, depend upon implement 
de s ign  and many soil and weather f a c t o r s .  Coul te rs ,  as  w e l l  as each of 
t h e  subsequent t o o l s ,  must work t h e  s o i l  s u f f i c i e n t l y  and be  set deep 
enough t o  a i d  i n  seedbed p repa ra t i on  s i n c e  t h e r e  i s  on ly  one oppo r tun i t y  
t o  form t h e  seedbed. The proper c o u l t e r  s e t t i n g  i s  too  important  a s t e p  
t o  neg l ec t  i n  n o- t i l l a g e  farming. 

A s u b s o i l e r  o r  deep c h i s e l  fo l lows  t h e  c o u l t e r  i n  a l l  n o- t i l l - p l u s  
p l a n t e r s .  I t  is needed t o  form an  opening that p e n e t r a t e s  t h e  plowpan 
i n  a l o c a t i o n  where s o i l  w i l l  remain loosened dur ing  t h e  development of 
t h e  crop. S u b s o i l e r s  l oosen  s e c t i o n s  of s o i l  t h a t  are V-shaped down t o  
8-12 inches ,  and at  deeper dep ths  t h e  s u b s o i l e r  po in t  c r e a t e s  a channel  
point-width wide, completing a c r o s s  s e c t i o n  resembling a "Y." Usual ly ,  
s o i l  sheared from t h e  p r o f i l e  by t h i s  t o o l  i s  thrown forward, upward, and 
t o  t h e  s i d e s  o f  t h e  c e n t e r  of a c t i on .  A s  t h e  t o o l  pa s se s  by, some lumps 
of s o i l  f a l l  back i n t o  t h e  narrow groove a t  t h e  t a i l  of t h e  "Y" and b r idge  
t h e  gap. T h i s  t emporar i ly  suppor t s  t h e  remaining s o i l  t h a t  is  re turned  
t o  t h e  loosened zone, leaving a l a r g e  void near  i t s  bottom. 

To prevent  downward s i f t i n g  of s o i l ,  seeds ,  and s e e d l i n g s  i n t o  t h e  void 
dur ing  later  r a i n s ,  enough s o i l  must be re turned  t o  f i l l  t h e  channel o r  
t h e  loosened soil above t h e  void must be  s t a b i l i z e d .  Although i t  m u s t  
be firmed t o  suppor t  a seedbed, i t  should no t  be firmed so much as t o  
adverse ly  a f f e c t  a i r ,  water, o r  r o o t  permeabi l i ty .  Accomplishing t h i s  
f i rming  a c t i o n  i s  where t h e  des ign  p r i n c i p l e s  c u r r e n t l y  used i n  v a r i o u s  
no- t i l l- p lus  p l a n t e r s  d i f f e r ,  Some p l a n t e r s  u s e  r o t a r y  t i l lers ,  a p a i r  
o f  f i rming  wheels,  o r  an a r r a y  of t o o l s  t h a t  app ly  e i t h e r  a cons tan t  band 
of p r e s s u r e  o r  spo t  p r e s su re  t o  t h e  seedbed, After f i rming ,  some manufac­
t u r e r s  add implements t o  r e t u r n  loosened s o i l  (thrown too  f a r  dur ing  
subso i l i ng )  t o  t h e  narrow band t h a t  i s  t o  be p l an t ed ,  but w i t h  a minimum 
o f  l o o s e  s t r a w  and r o o t  material that would f o u l  t h e  p l a n t i n g  dev ices .  
Usually,  a d d i t i o n a l  secondary t i l l a g e  is then  performed t o  a s s u r e  t h e  
w e l l  g ranula ted  seedbed requi red  f o r  s a t i s f a c t o r y  seed germination. The 
last  t o o l  i s  u s u a l l y  a p l a n t i n g  dev ice  designed t o  work i n  convent iona l ly  
prepared f i e l d s .  

The a c t i o n s  performed by t h e  implements between t h e  c o u l t e r  and p l an t i ng  
d e v i c e  a re  n o t  necessary  i n  s tandard no- t i l l age .  These a c t i o n s  r e q u i r e  
a d d i t i o n a l  power i n p u t s  which i n c r e a s e  t h e  f u e l  expendi tu re  and c o s t  of 
no- t i l l- p lus  farming. Farmers r e q u i r e  income from p r a c t i c e s  implemented, 
t h u s  expendi tu res  f o r  extra work a re  j u s t i f i e d  on ly  when s u f f i c i e n t  con­
s e r v a t i o n  and a d d i t i o n a l  product ion a r e  assured.  

FORCE REDUCTION I N  NO-TILL-PIUS PLANTING 

There are  techniques  and des igns  that  can reduce t h e  fuel  demanded For an 
accep t ab l e  no-ti1l-plus ope ra t i on .  However, c e r t a i n  a p p l i c a t i o n s  depend 
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upon s o i l  and c l i m a t i c  cond i t i ons  and are s p e c i f i c  f o r  t h e  c rops  sown. 
It should be remembered that f o r c e s  i nc rease  as work i s  performed, and 
where s o m e  work is u s e f u l  and needed, some i s  was tefu l  o r  even harmful. 
Forces appl ied  t o  s o i l s  by t o o l s  should accomplish only needed reac t ions .  

a. Coul te rs  

Proper c o u l t e r  a c t i o n  i s  va luable  t o  a l l  n o- t i l l a g e  systems.  Draft  of 
1 4  c o u l t e r  types  has  been measured i n  t h e  s o i l  b i n s  a t  t h e  National 
T i l l a g e  Machinery Laboratory. When t r a v e l i n g  a t  a speed of  4.5 mph, i n  
f i rm s o i l  without cover ,  d r a f t  w a s  increased about 350% as depth w a s  
increased from 2 t o  6 inches ,  and about 20% more weight w a s  needed t o  
maintain depth. When g r e a t e r  depth  is not  requi red ,  f o r c e  is wasted. 
Under similar test cond i t i ons ,  increas ing  speed from 2.4 t o  7 . 1  mph in-
creased d r a f t  by only  7% when t h e  c o u l t e r s  were set at  a depth  of 4 inches,  
bu t  t h e  c o u l t e r s  did l i t t l e  b e n e f i c i a l  work wi th  t h e  a d d i t i o n a l  force.  

A series of  tests conducted i n  a moist ,  sandy loam s o i l  compared experi­
mental c o u l t e r s  w i t h  s tandard smooth cou l t e r s .  A l l  c o u l t e r s  were 1 7  t o  18 
inches i n  diameter ,  3/16-inch t h i c k ,  worked a t  a 4- inch depth,  and traveled 
a t  4.5 mph. A 1- inch f l u t e d  c o u l t e r  increased d r a f t  by about 60%, and 
about 50%more weight w a s  requi red  t o  maintain depth. A 2-inch f l u t e d  
c o u l t e r  increased  d r a f t  90% and requi red  80%more weight. Wide f l u t e s  
i nc rease  s o i l  d i s tu rbance  and are sometimes necessary  f o r  adequate  pulver­
iza t ion .  Where increased wid th  and pu lve r i za t ion  are needed, more soil  
can be d i s tu rbed  per  u n i t  of f o r c e  by f l u t e d  c o u l t e r s .  The r ipp led  
c o u l t e r  d i s tu rbed  a band of s o i l  about  one- third as wide, y e t  required 
almost a s  much power as t h e  1- inch f l u t e d  c o u l t e r .  Angling t h e  f l u t e s  
i n  c o u l t e r s  a t  about 45" increased t h e i r  d r a f t  about  10%. Large diameter 
c o u l t e r s  were not  t e s t e d ,  but  they  t ake  up more space and should need 
more weight t o  f o r c e  them i n t o  t h e  s o i l .  I f  space is not  a f a c t o r ,  how-
ever ,  t h e i r  u s e  should improve t h e  c u t t i n g  of t r a s h  and reduce d r a f t .  

The dominant purpose of t h e  c o u l t e r  is t o  cu t  through t r a s h ,  sod, and 
r o o t s ,  bu t  t h i s  could not  be t e s t e d  under cont ro l led  condi t ions .  Table 1 
s h o w s  t h e  response obtained from 3 s o i l s  without cover using 7 types  of 
c o u l t e r s  i n  t h e  17- t o  18- inch diameter range. The f o r c e  f o r  a s i n g l e  
smooth c o u l t e r ,  t r a v e l i n g  a t  4.5 mph (shown i n  Table l ) ,  would convert t o  
about 2 hp, and a 4-row u n i t  would then u t i l i z e  about 8 hp t o  c u t  through 
s o i l  without r o o t s ,  sod, o r  s t a l k s .  Four 2-inch f l u t e d  c o u l t e r s ,  working 
under t h e  same cond i t i ons ,  would r e q u i r e  1 2  hp, so 4 a d d i t i o n a l  horsepower 
would be  needed f o r  a 4-row u n i t  j u s t  t o  widen a c u t  through t h e  s o i l .  

b. Subso i l e r s  

The subso i l e r  on a no- t i l l- p lus  p l a n t e r  produces a pathway fo r  a i r ,  
water, and r o o t s  through compacted Ap horizons. Since subsoi l ing  
r e q u i r e s  most of t h e  on-farm energy used by no- t i l l- p lus  p l a n t e r s ,  i t  is 
i n  t h e  subso i l i ng  opera t ion  t h a t  proper u se  and design o f f e r  t h e  g r e a t e s t  
p o s s i b i l i t y  f o r  f u e l  reduct ion .  Two major f a c t o r s  a f f e c t i n g  d r a f t  during 
subsoiling--depth and speed--are under t h e  fa rmer ' s  con t ro l .  

Research under uniform s o i l  cond i t i ons  a t  t h e  Laboratory sugges ts  an ex­
ponent ia l  i nc rease  in d r a f t  wi th  increased  depth. Table 2 shows t h e  mean 
va lues  f o r  f o u r  c h i s e l  des igns  working i n  a Norfolk sandy loam s o i l  and 
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compares them wi th  c a l c u l a t i o n s  squaring t h e  depth  value.  When t h e  depth 
is doubled, f o r  example, t h e  d r a f t  increases about fourfold the t a b l e  
shows t h a t  doubling t h e  depth  produced a measured d r a f t  of 8.4 N which 
compared c l o s e l y  t o  t h e  ca l cu la t ed  9.6 N value. I n  f i e l d s ,  however, 
moisture content  and s o i l  condi t ion  are r a r e l y  cons tan t  w i th  depth. 
Evidence shows, nonethe less ,  t h a t  d r a f t  is increased s u b s t a n t i a l l y  wi th  
each addi t ional .  increment of depth. I n  s u b s o i l s  where r o o t s  can develop 
e a s i l y ,  ba re ly  p i e rc ing  t h e  plowpan i s  as e f f e c t i v e  as  deep subsoi l ing  
i n  encouraging r o o t  p r o l i f e r a t i o n .  Inmaterial in which r o o t s  cannot 
develop, t h e  volume of s o i l  loosened by deep subsoi l ing  is i n s u f f i c i e n t .  
If no b e n e f i t  is t o  be der ived ,  why extend subsoi l ing  depth? 

Increasing speed from 2.2 t o  4.9 rnph increased d r a f t  about  40% when sub-
s o i l i n g  a t  a 14- inch depth  i n  t h e  Norfolk sandy loam b i n  (Table 3 ) .  Much 
of  t h a t  energy w a s  expended throwing s o i l  f u r t h e r  t o  t h e  s i d e s ,  necessi­
t a t i n g  a d d i t i o n a l  energy t o  r e t u r n  i t  t o  t h e  seedbed. Almost no inc rease  
i n  volume of s o i l  d i s tu rbed  could be v e r i f i e d  f o r  t h i s  expenditure  of 
f u e l ,  and t h e  inc rease  i n  pu lve r i za t ion  w a s  n e g l i g i b l e .  

Ext rapola t ing  fo rces  obtained from a s i n g l e  subso i l e r  working 1 4  inches 
deep and convert ing them i n t o  horsepower requirements t o  s u b s o i l  4 rows 
should convince anyone t h a t  speed c o s t s  money. Calcu la t ions  wi th  t h e  
sandy loam in Table 3 i n d i c a t e  that a t  2.2 mph, 36 hp is required t o  
accomplish subso i l i ng ,  and at  4 .9  mph 1 1 2  hp i s  needed t o  accomplish t h e  
same task .  Table 3 shows t h a t  it t a k e s  more f o r c e  t o  subso i l  a t  g r e a t e r  
speeds, and s i n c e  i t  t akes  more energy t o  develop t h e  higher  speed, 
horsepower requirements  e s c a l a t e  rap id ly .  Farmers must dec ide  i f  
advantages from increased speed whi le  p l an t ing  are worth more f u e l  and 
increased wear and tear on equipment. 

Design f e a t u r e s  of t h e  b e t t e r  c u r r e n t l y  a v a i l a b l e  commercial s u b s o i l e r s  
can reduce d r a f t  by about 25% over  t h e  poorest  designed u n i t s  on t h e  
market. I f  low d r a f t  s u b s o i l e r s  a re  t o  be s e l e c t e d ,  c e r t a i n  f e a t u r e s  
should be considered. The subso i l e r  shank has a minor e f f e c t  on d r a f t  a s  
long as i t s  l e n g t h  is adequate  f o r  t h e  needed depth  and a l lows  f o r  c l ea r­
ance of loosened soil and t r a s h  beneath t h e  t o o l  bar.  The th i ckness  
should g ive  needed support under t r a c t o r  d r i v i n g  cond i t i ons  and withstand 
impact w i th  rocks ,  tree r o o t s ,  o r  o t h e r  buried ob jec t s .  Increas ing  shank 
th ickness  has l i t t l e  e f f e c t  on d r a f t  when poin t  width a l lows  f o r  adequate  
l a te ra l  c l ea rance  between t h e  undisturbed s o i l  and shank. Beveling t h e  
l ead ing  edge of a shank can reduce subso i l e r  d r a f t  by about 5% in lumpy 
s o l l s ,  but  t h e  reduct ion  is a t  t h e  expense of decreased pulver iza t ion .  
With bevel ing,  l a r g e  d r a f t  reduct ions  are poss ib l e  when r o o t s  o r  t r a s h  
tend t o  b u i l d  around b lun t  shanks. 

Where t h e  l ead ing  edge of a shank has t h e  proper s lant- - often more than 
15" g r e a t e r  than vert ical- - and t h e  point  extends more than 1 0  inches in  
f r o n t ,  lumps and t r a s h  usua l ly  s l i d e  up t h e  non-beveled shank and a r e  
e a s i l y  c leared .  This f e a t u r e  a lone  reduces d r a f t  about 30% below t h a t  
of  t h e  o l d  ver t ica l  shanked subso i l e r s .  When s o i l s  adhere s t rong ly  t o  
a shank, more s l a n t  and g r e a t e r  la tera l  c l ea rances  are needed. The 
p r a c t i c e  of welding a hard facing; t o  reduce wear can extend t h e  l i f e  of 
a shank but  does so a t  t h e  expense of d r a f t .  It may be less expensive 
t o  replace worn shanks than t o  buy f u e l  t o  p u l l  t h e  s o i l  surrounding a 
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shank through every m i l e  of subsoi l ing .  Under many cond i t i ons  i n  t h e  
Coastal P l a ins ,  t h e  s u b s o i l e r  shanh on a no- t i l l- p lus  p l a n t e r  can be 3/4  
t o  1 inch  t h i c k  and about 4 inches deep. Less depth  of s e c t i o n  i n  t h e  
shank decreases  s t r e n g t h ,  and increas ing  i t s  depth inc reases  material 
c o s t s  and adds weight t o  t h e  u n i t ,  but wi th  l i t t l e  e f f e c t  on d r a f t .  

Width of t h e  s u b s o i l e r  channel where it  p i e rces  t h e  plowpan appears  t o  
b e  of l i t t l e  consequence t o  e i t h e r  taprooted o r  nodal-rooted crops as long 
as  t h e  channel remains open. However, under some s o i l  and c l i m a t i c  s i t u a­
t i o n s ,  wide channels  may improve drainage,  bu t  forming channels  wider than 
needed wastes f u e l  doing unnecessary work and increases t h e  ease of 
s e r ious  recompaction. I n  many s o i l  condi t ions ,  a channel c rea ted  by a 
poin t  2 t o  2.5 inches  wide a p p e a r s  s u i t a b l e .  Narrow channels  are prone 
t o  easy c losu re  by l a t e r a l  f c r c e s  from in te r row t r a f f i c .  Wide channels  
lead t o  excess ive  se t t lement  and a r e  e a s i l y  compacted during la ter  i n t e r -
row t r a v e l .  

Studies involving wid th  of s u b s o i l e r  p o i n t s  are inconclus ive  due t o  t h e  
e f f e c t s  of o t h e r  f e a t u r e s  i n  poin t  des ign ,  shank geometry, and s o i l  
f a c t o r s .  Although inconclus ive ,  po in t  width p e r  se appears  t o  exert a 
small e f f e c t  on d r a f t ,  but  loosening more s o i l  than  required wastes fue l .  
Draft  is a f f e c t e d  s u b s t a n t i a l l y  by o t h e r  design f e a t u r e s  involving t h e  
poin t .  The top  s u r f a c e  of po in t s  wi th  an ang le  between 20" and 30" from 
h o r i z o n t a l  g i v e s  t h e  lowest  d r a f t  va lue  i n  many soils. Low d r a f t  is 
commonly produced when t h e  bottom of t h e  po in t  makes a 5" t o  10" angle  
w i th  t h e  f l o o r  of t h e  subsoi led  channel. With t h e s e  dimensions designed 
i n t o  s u b s o i l e r  po in t s ,  s o i l s  are l i f t e d  adequate ly  and shear  wi th  a 
minimum of f o r c e  wasted on compression and adhesion along t h e  t o p  of t h e  
po in t ,  I n  a d d i t i o n ,  energy expended i n  confinement and compaction of 
s o i l  behind and beneath t h e  po in t  is reduced. 

The v a r i e t y  of  f i rming devices  on no- t i l l- p lus  p l a n t e r s  has not  been 
evaluated under t e s t  condi t ions .  Our l i m i t e d  obse rva t ions  i n d i c a t e  t h a t  
some devices  cause excess ive  s o i l  puddling and recompaction, whereas 
o thh r s  produce low d r a f t  va lues  by doing an inadequate  job. Draft  meas­
urements of p l an t ing  devices  and t h e i r  a t tachments  have not  been i n i t i a t e d .  

TRACTION IMPROVEMENT 

Improving t r a c t i v e  e f f i c i e n c y  whi le  p u l l i n g  no- t i l l- p lus  p l a n t e r s  i s  equal 
i n  va lue  t o  reducing t h e i r  d r a f t .  T rac to r s  are t h e  source of power used 
whi le  p l an t ing ,  and engine tuning and power t ransmission t o  wheels a re  
important ,  but power i s  t r a n s f e r r e d  from wheel r o t a t i o n  t o  forward d r i v e  
through f o r c e s  app l i ed  t o  s o i l s .  After  l oose  s o i l  is firmed dur ing  a 
f irst  pas s  of  a t r a c t o r ,  about  30%more p u l l  can be developed t r a v e l i n g  i n  
t h e  same pathway during t h e  second t r i p ,  and o f t e n  an a d d i t i o n a l  10%can 
be gained during t h e  next  t r i p .  P u l l  i n  plowed f i e l d s  can be increased 
more than 100% i n  f i rm,  u n t i l l e d  s o i l  wi th  dry sod; thus ,  n o- t i l l a g e  i s  
conducive t o  improved t r a c t i o n .  B e s i d e s  improving t r a c t i o n ,  d r iv ing  on 
firm, u n t i l l e d  s o i l  can inc rease  t h e  oppor tuni ty  t o  p l a n t ,  con t ro l  p e s t s ,  
and harvest a t  t h e  proper times. Trac t ion  becomes d i f f i c u l t  t o  eva lua t e  
when cover c rops  are involved because r e s u l t s  can v a r y  wi th  crop condi­
t ion .  In  dense,  recumbent, succulent  cover,  p u l l  can be e f f e c t i v e l y  
reduced, wh i l e  t h e  same t r a c t o r  might s ca rce ly  s l i p  on sparce ,  d ry ,  
c l ipped ,  s tab le- s tooled  sod. 
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All wheels s l i p  as they  develop pu l l ,  but more t r a c t i o n  can be developed 
wi th  less s l i p  on s t a b l e  s o i l .  T i r e  s l i ppage  not only i nc reases  wear, but 
consumes f u e l  doing work not  converted in to  forward motion. T i r e  spec i a l­
ists f e e l  t h a t  each percent  of s l i p  i nc reases  f u e l  consumption by about an 
equal  percentage. Although maximum t r a c t i o n  is not  achieved,  a p u l l  a t  
12% s l i p  wastes c l o s e  t o  1 2 % fue l .  By increas ing  weight on t ires,  
s l i ppage  can be reduced and p u l l  increased.  In a plowed s t r i p ,  f o r  
example, a 13.6 x 38 t i r e  i n f l a t e d  t o  22 p s i  produced 120%:more t r a c t i o n  
a t  10% s l i p  when car ry ing  3,630 l b s  than when ca r ry ing  1,820 lb s .  This 
is equiva len t  t o  developing about 40 hp more p u l l  w i th  a two-wheel-drive 
t r a c t o r .  However, i nc reas ing  load can inc rease  s inkage i n  loose  s o i l s .  
Sinkage wastes power compacting s o i l  i n  t h e  r u t s  formed beneath tires. 
In add i t i on ,  t h e  wheel. must climb t h e  small rise i n  f r o n t  of t h e  t i r e  o r  
expend energy f l a t t e n i n g  it. Here is where t i r e  geometry becomes an impor­
t a n t  f a c t o r .  Wide tires f l a t t e n  a wide band of s o i l  t o  t h e i r  f r o n t ,  and 
dua l s  f l a t t e n  two mounds, both requi r ing  a d d i t i o n a l  power. Duals and wide 
t ires are used t o  reduce s inkage and improve f l o t a t i o n .  However, support­
ing a load on a g r e a t e r  area of  so i l  reduces pressure  which a f f e c t s  
t r a c t i o n .  Both lengthening t h e  contac t  and increas ing  i t s  width gain 
f l o t a t i o n ,  but lengthening decreases  t h e  energy l o s t  i n  compacting a 
wide band of s o i l .  Contact l e n g t h  can be increased wi th  wheels of a 
l a r g e r  diameter ;  t r a c k s  ( s t e e l  o r  pneumatic); by reducing a i r  pressure  
i n  tires; and by arranging wheels i n  a tandem des ign  so rear wheels w i l l  
d r i v e  on s o i l  firmed by t h e  f r o n t  wheels. Radial t i re  cons t ruc t ion  is 
gaining prominence. On f i rm  s o i l ,  r a d i a l s  can produce about 10%more 
t r a c t i o n  than b i a s  t i res ,  but  t h e  advantage i s  reduced i n  l oose  s o i l .  

Resul ts  are always v a r i a b l e  when fo rces  are appl ied  t o  s o i l .  The resist­
ance a s o i l  o f f e r s  a t i l l a g e  t o o l  and t h e  support given t o  a t i re  depend 
upon s o i l  s t rength .  And s t r e n g t h s  of a l l  s o i l s  can be monumentally 
altered by r e l a t i v e l y  small changes i n  mois ture  content .  

CONCLUSION 


Many f i e l d s  in t h e  Coastal P l a i n s  of Southeastern USA can be n o- t i l l a g e  
farmed only  i f  r o o t  acces s  t o  t h e  subso i l  is assured.  Although n o - t i l l -
p lus  p l a n t e r s  can provide t h i s ,  they expend more energy than s tandard 
no- t i l l age  p l an te r s .  Major d r a f t  reduct ions  and improved t r a c t o r  t r a c t i o n  
can be implemented by t h e  farmer-- reductions due t o  equipment des ign  are 
less dramatic.  No- ti l l- plus o f f e r s  b e n e f i t s  of n o- t i l l a g e  farming t o  
farmers  whose f i e l d s  are i n  less- than- idea l  phys ica l  condi t ion .  
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TABLE 1 

EFFECT OF COULTER TYPES ON MEAN DRAFT* 

D r a f t  F o r c e  (kN) 
Sandy Clay S i l t y  

Coul t  er s Loan Loam Loam 

1-in. f l u t e d  1.01 1.20 0.98 
2- in. f l u t e d  1 .08 1 .27 1.04 
Smooth 0.63 1.10 0.68 
1-in. bubb le  1 .03 1.28 1 .10  
Concave 1.11 1 .35  1.24 
Ripp le  1 .01  - 1.08 

ang led  f l u t e  1.06 1 .30 0.99 
~ ~~ 

* Speed = 4.5 mph; Depth = in.; D i a .  17  

TABLE 2 

EFFECT OF DEPTH ON MEAN DRAFT* 

8' 

A c t u a l  D r a f t  C a l c u l a t e d  D r a f t  
Depth 

X 2.4 2.4 x = 2.4 
2x 8.4 2.4 = 9.6 
3x 18.1 2.4 x = 21.6 
4 x  34.0 2.4 = 38.4 
6X 73.8 2.4 x = 86.4 

157.8 2.4 x = 153.6 

* N o r f o l k  sandy loam u s i n g  1-in. wide  chise l .  

TABLE 3 

EFFECT OF SPEED MEAN DRAFT AND HORSEPOWER" 

N o r f o l k  sandy loam Decatur  c l a y  loam 
Speed D r a f t  Horse- D r a f t  Horse-

power power 

1.0 2.2 9 12 .0  1 6  
1.4 3.1 8.0 1 5  16.0 30 
1.8 4.0 8.8 21 46 
2.2 4.9 9.5 28 21.0 62 

* A t  14- in .  d e p t h .  



EFFECT OF PLANT POPULATION ON YIELD, DISEASE, AND OTHER 
PARAMETERS OF SOYBEANS PLANTED NO-TILL AND CONVENTIONALLY 

D. L. Wright, F. M. Shokes and W. B. Tappan1 

No-till and reduced ti l lage farming are being widely accepted by growers w i t h  
a minimal amount o f  information on management o f  crops grown under these 
conditions. Labor, fuel, equipment savings and timely plantings w i t h  multiple-
cropping are major advantages o f  these systems. Li t t le i s  known about the 
long-term effects o f  no-till farming on populations o f  insects, weeds, nematodes, 
and  plant pathogenic fungi. Florida has high levels o f  certain pests and serious 
problems could result from continuous no- ti l l  planting. A 5-10% loss of stand 
can occur w i t h  no-till p lant ing due to  insect problems, cooler soil, slower seed 
germination, improper seed placement in sods and bird damage. Slower seed-
ling emergence and cooler soils as well as a build-up o f  inoculum in soil residues, 
could also contr ibute to  a higher incidence o f  seedling disease. 

Planting a winter cover crop of a small gra in  followed by soybeans i s  becoming 
popular, but research is needed to  determine whether such a crop is suff icient 
to  prevent the  build-up o f  pest populations. 

Current  Research 

W i t h  consideration o f  the above factors, research on soybean no-till systems 
was begun at the Agr icul tural  Research and Education Center at Quincy,
Florida, in 1977-78. In one s tudy the 'Centennial' soybean was grown under 
the following cu l tura l  systems : 1) soybeans af ter  rye- ryegrass winter cover 
no- ti l l  planted into stubble; 2)  soybeans no- til l planted in to  soybean stubble; 
3) soybeans after rye- ryegrass winter cover, conventional plow-plant; 4) soy-
beans planted into soybean stubble, conventional plow-plant. Three nematicides, 
Temik 15G (18 Ibs/A) ,  Soilbrom 90EC ( 1 . 5  gal/A) and sodium azide 2C (50 Ibs /A) ,  
were tested using these cu l tura l  systems. The foliar fungicide, Benlate was also 
compared to an unsgrayed check using these cul tural  practices. 

In a second s tudy seven different soybean plant populations were compared
under no- ti l l  and conventional plow-plant cu l tura l  regimes. Populations o f  
8, 6, 4, 3, 2, 1,  and 0 . 5  plants pe r  foot of  r o w  were used. Seedling disease, 
foliar disease, yields and morphological parameters (plant height and stem 
diameter) were measured. 

Kesults and Discussion o f  1979 Data 

Soybeans under the four cul tural  systems showed no significant differences 
in yields due to  the cu l tura l  systems o r  the nematicides. Only the spiral
nematode was present in suff icient numbers to  be o f  importance. Table 1 
shows that there was a two-fold increase in numbers of th is nematode in no-
till plots. Spiral nematode is not known to  be a major problem in soybeans. 

D. L. Wright, Extension Agronomist, F. M. Shokes, Plant Pathologist, and W. 
B. Tappan, Professor of Entomology, AREC, Universi ty o f  Florida, Route 3, 
Box 638, Quincy, Florida 32351. 
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The fungicide, Benlate, decreased overall foliar disease but had no effect 
o n  yield in th is  study as is of ten the  case w i t h  the Centennial var iety o f  
soybeans. 

Soybean yields at d i f ferent plant populations in 36 inch rows are shown in 
Table 2 .  Yields were similar for  both no- t i l l  and conventional plantings from 
3-8 plants per foot of row. As p lant  numbers decreased below three plants 
per  foot of row,  yields were sharply reduced and weed populations increased 
w i t h  both methods o f  planting. Stem diameters increased w i t h  a decrease 
in plant height resul t ing in a low bushy growth as compared t o  plants in 
higher populations. Plants were taller under no- ti l l  conditions than w i t h  
conventional p lant ing (Table 3 ) .  This might be at t r ibuted to increased 
moisture under the stubble mulch. The hundred seed weight increased as 
population decreased (Table 4). Seed weights were consistently higher for  
soybeans in the  conventional plow-plant system but differences were not 
statiticaII y significant. 

The incidence of seedling diseases, as evidenced by root r o t  and stem 
lesions was 12%greater on seedlings from no- ti l l  plots than on seedlings 
from conventional plow-plant plots. Plant population had only a nominal 
effect pn overal l  foliar disease rat ings (Table 5), but pod and stem blight 
increased as population increased. Anthracnose rat ings were signif icantly
different in relation to t i l lage practices and were higher in the lower popula­
tions and lower in the no- t i l l  plots. 

Fur ther  research is needed on no- ti l l  systems in relation to effects on yields
and disease. Optimal management systems need to be developed to  permit
maximum yields and minimize losses when available land for rotations i s  
limited, More data i s  needed to  determine if the short rotat ion w i t h  a winter 
crop o f  small grains is suff icient to  permit continuous no-tillage plant ing o f  
soybeans. Insuff icient data is available a t  th is time to  project any long-term 
effects of such plantings on diseases or  other pests in no- ti l l  systems in 
Nor th  Florida. 
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Table 1. 	 Ef fec t  of Nematicides on Spi ra l  Nematode Numbers and Yie ld  o f  Soybeans

(Quincy 1979). 

Nematode 
Treatment Counts/100 cc So i l  

Conventional No-Ti 11 
Y ie ld  
Bu/A 

Soi lbrom 309 734 32.7 
Temik 350 905 33.1 
Sodium azide 578 857 37.3 
Check 612 1171 34.5 

'Yields were not  s i g n i f i c a n t l y  d i f fe ren t  across cu l t u ra l  pract ices o r  i n  r e l a t i o n  
t o  treatments. 
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Table 2. 	 Effect  o f  P lant  Population on Soybean Yields Under No-Till  and Con­
ventional Planting - 1979.* 

P1ants/row ,ft. No - Ti l l  Conventional 

8 58.2 a 
bu/A 

57.2 a 
6 59.2 a 56.5 a 
4 55.5 a 55.3 a 
3 54.5 a 50.8 a 
2 40.6 b 43.3 b 
1 27.5 c 30.5 c 
0.5 16.6 d 24.7 d 

* Means i n  a column followed by the same l e t t e r  are not s ign i f icant ly  d i f f e r e n t  
DMRT p = .05). There were no s ign i f icant  differences between cul tura l  practices. 
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Table 3. 	 Plant Height and S t e m  Diameter a t  Matur i ty  - 1979 Soybean Plant Popu­
l a t i o n  Study. 

Plants/row ft. No-Ti11 
Plant  H t .  	 (an)

Conventional Stem Diameter (cn)* 

8 113.8 a 99.0 ab 0.96 cd 
6 110.9 ab 105.2 a 0.92 d 
4 108.2 ab 102.2 ab 1.00 cd 
3 107.7 ab 99.6 ab 1.04 c 
2 102.3 b 95.3 bc 1.14 b 
1 93.4 c 88.0 cd 1.45 a 
0.5 87.7 c 82.4 d 1.38 a 

Numbers i n  a column with the same l e t t e r  are not  s i g n i f i c a n t l y  d i f f e r e n t  
(DMRT p = .Ol). Each number represents a mean o f  a t  l eas t  80 measurements. 

Numbers i n  t h i s  column represent a mean o f  n o - t i l l  and conventional plow-
p lan t  stem diameters f o r  a given population. T i l l a g e  pract ices had no 
s i g n i f i c a n t  e f f e c t  on stem diameters. 
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Table 4. 	 Weight o f  100 Soybean Seed i n  Re la t ion  i n  P lan t  Populat ions w i t h  No-
Till and Conventional Management - 1979.* 

Plants/row ft. No-Till Conventional 

8 14.0 ab 14.7 c 
6 13.6 b 14.7 c 
4 14.2 ab 14.5 c 
3 14.5 ab 15.0 bc 
2 15.1 a 15.6 abc 
1 15.2 a 16.1 ab 
0.5 14.9 ab 16.6 a 

*Means i n  a column fo l l owed  by t h e  same l e t t e r  are  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
(DMRT p = .05). There was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between 
c u l t u r a l  p rac t ices .  
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Table 5. 1979 Soybean P l a n t  Populat ion Study Disease Ratings. 

Overa l l  Pod & Stem2 Anthracnose’ 
Plants/row ft. F o l i a r  Disease B1 i g h t  No-Ti11 Conventional 

Pl ow-P1a n t  

8 4.6 a 3.0 a 1.9 a 3.4 ab 
6 5.0 a 2.6 a 3.2 ab 3.2 ab 
4 5.2 a 2.6 a 1.9 a 2.8 a 
3 4.7 a 2.4 ab 2.1 a 3.9 abc 
2 4.6 a 1.0 b 2.5 a 4.5 bc 
1 4.0 b 1.1 b 4.1 bc 3.9 abc 
0.5 4.1 b 0.9 bc 4.7 c 5.4 c 

Numbers i n  a column w i t h  the  same l e t t e r  are  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
(DMRT p = .05). Each number represents a mean r a t i n g  f o r  f o u r  rep l i ca t ions .
A l l  disease r a t i n g s  were on a scale from 1-10 w i t h  one represent ing p lants
f r e e  f r o m  disease and 10 represent ing  p lan ts  k i l l e d  by disease. 

Numbers i n  these columns represent  combined means o f  n o - t i l l  and conventional 
plow-plant f o r  a g iven populat ion. T i l l a g e  p rac t i ces  had no s i g n i f i c a n t  e f f e c t  
on disease. 

Anthracnose r a t i n g s  were s i g n i f i c a n t l y  d i f f e r e n t  i n  r e l a t i o n  t o  t i l l a g e  pract­
i c e s  (DMRT p =.05). 
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