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PREFACE 

J. T. TOUCHTON AND G. CUMMINS 

No- t i l l a g e  crop production has received much attention throughout the 
Southeast during the past  few years. Possible advantages of no- t i l l age  
farming compared to conventional- t i l l age  farming often ci ted include : 
improved erosion control, improved m o i s t u r e  conservation, fewer man-
hours required t o  produce a crop, l e s s  t i m e  l o s s  between harvesting
and planting crops, and energy conservation. These advantages often 
lead to  higher crop y ie ld ,  improved double-cropping systems, u t i l i za ­
tion of land once considered unsuitable for  row crop production and 
higher ne t  returns per un i t  of land area. 

Past research on no- t i l l age  farming leaves many questions unanswered. 
Somc of the most common questions asked about no-tillage systems include 
1) what is the impact of no- t i l lage farming on the environment, 2 )  what 
type of mulches should be used and what are the i r  values, 3) is so i l  
compaction a problem i n  these systems, 4)  i s  in-row subsoiling bene­
f i c i a l ,  5) are insects more of  a problem than i n  conventional-tillage 
systems, 6) what is the inpact of continuous no- t i l l age  on weed popula­
t ions,  and 7) what are the best  methods of weed control? 

The increased farmer in t e re s t  i n  no- t i l lage cropping systems common to 
the southeastern s t a t e s ,  and the importance of no- t i l lage farming to 
agr icul ture ,  have created a need for  a j o in t  southeastern conference. 
The objective of t h i s  conference is to promote no-t i l lage systems by
providing a means of comunication between research, extension, con­
servation, and industry personnel, and farmers from Alabama, Georgia, 
Florida, Kentucky, North Carolina, South Carolina, and Tennessee. The 
conference w i l l  be rotated annually among the seven s ta tes  involved. 
Information presented w i l l  be o f  a prac t ica l ,  non-technical nature that 
should be of  value to  farmers u t i l i z ing  no- t i l lage management systems. 

Trade names and company names are included in  th i s  publication for  the 
benefit of the reader and do not i n fe r  any endorsement or  preferent ia l  
treatment of the product l i s t ed  by the University of Ceorgia. 

J. T. Touchton is Assistant Professor, Soil  F e r t i l i t y ,  and D. G.  Cummins 
i s  Professor, Crop Management, Department. of Agronomy, University of 
Georgia, Georgia Station, Experiment, Georgia. 
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NO-TILLAGE, PAST AND PRESENT 


S.  H. PHILLIPS 

INTRODUCTION 


No-tillage may be defined as the introduction of seed into untilled soil 

by opening a narrow slot$, trench or band of sufficient width and depth 

to obtain seed coverage and soil contact. This system of planting 

eliminates plowing, discing, harrowing and other conventional methods of 

seedbed preparation. 


Cultivation of row crops is eliminated with the use of herbicides to 

control unwanted plants or to restrict growth and competition of desirable 

plants in pasture renovation during the establishment period of the 

newly seeded crop. 


Several terms are commonly used to describe this planting technique: 

zero till, no-till, zero tillage, direct seeding, direct drilling, sod 

planting, mulch tillage, stubble planting, ecological systems, and many 

others. These usually encompass the same basic principles referred to in 

this publication as no-tillage. Other innovations included in the no-

tillage systems include aerial seeding and incorporating seed into 

fertilizer for broadcast distribution as the fertilizer is applied. 


NO-TILLAGE DEVELOPMENT AND ADOPTION 


Centuries elapsed between the use of crude, wooden tillage implements and 
Thomas Jefferson's development of a mathematical formula for the mold-
board plow. Charles Newbold, in 1796, received a patent for a cast iron 
plow and in the early 1830's a steel mold-board plow was introduced. 
Continued refinement of primary and secondary tillage implements evolved 
to highly sophisticated, large units which annually disturb the equiva­
lent amount of soil that would be required to build a super highway from 
New York to California. 

Attention turned to no-tillage in the late 1940's with the introduction 

of plant growth regulators developed during World War 11. Klingman, at 

North Carolina, reported no-tillage work. Barron, Davidson and Fitzgerald, 

in 1951, reported successful application of no-tillage techniques. 

Sprague, in the 1960's, reported pasture renovation using chemicals as a 

substitute for tillage. Porter, New Zealand, reported on strawberry 

production followed by Hood and Jeater at Jealott's Hill on small grain. 

Scharbau of West Germany, in 1968, reported on rape and small grain no-

tillage. Hence, worldwide interest in no-tillage and research to provide 


S .  H. Phillips is Assistant Director of Extension for Agriculture, 
University of Kentucky, Lexington, Kentucky. 
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the theory for application was well underway. 


Refinement of the system can be traced to McKibben, Illinois; Shear and 

Moschler, Virginia; Triplett and VanDoren, Ohio; Freeman, Kentucky; 

Lewis and Worsham, North Carolina; and many others in the midwest and 

southeast. 


Speight, North Carolina, reported on double cropping using winter small 
grains and soybeans using the no-tillage approach. 

It would be remiss not to give full credit to innovative farmers for 

application and further sophistication of the systems and adoption on a 

commercial scale. 


Other crops which have been grown using no-tillage include horticultural 

crops, tobacco, cotton, grain sorghum, sweet sorghum, sugar cane, sugar 

beets, popcorn and sweet corn. With continued research it is probable 

that all crops can be grown using no-tillage methods. Only economics or 

a lack of imagination will prevent a wide adaptation of this method to 

all major cultivated species. 


It is paradoxical that no-tillage combines the use of modern chemicals 

with the oldest method of introducing seed into soil, similar to that 

used by the American Indian in planting maize seed with minimum soil 

disturbance using crude hand tools. 


The no-tillage system was not a sudden development during the 1950-60’s, 
but is a product of continual change in production technology and methods. 
Researchers and farmers were moving toward less soil preparation, and 
many concepts were considered. 

Wheel track planting is a method where soil is turned or plowed, followed 
with the planter aligned to plant directly behind and in the tractor 
tire track. The tire action firmed the soil and eliminated the need for 
discing and other soil preparation. At the same time a major equipment 
manufacturer was developing a “plow-plant” system. This system, like 
wheel track planting, involved plowing of the land and planting without 
additional seedbed preparation. Farmers did not accept these systems 
because of a major timing conflict resulting from plowing being delayed 
until the planting period. Weather risk and peak labor requirements 
negated the benefits gained by these systems. It should be noted that 
these systems were part of the technical evolution that made no-tillage 
more acceptable to producers when the concept was introduced. 

The acceptance and adoption of no-tillage by farmers in Kentucky and the 

southeast in the late 1960’s was influenced by four major factors. If 

all four factors had not been present, large scale commercial use of 

no-tillage systems would have been delayed. These four factors were: 


1. 	 Late, wet springs which delayed corn and soybean growers planting 

beyond normal planting dates; 
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2 .  Extremely limited available farm labor supply; 


3 .  Introduction of a commercially available no-tillage planter; 


4 . 	 Labeling and availability of a contact herbicide, Paraquat, which 

made no-tillage crop production more consistent and successful with 

the improved control of competing vegetation. 


No-tillage evolved into many unforeseen systems. What started as corn 

grown into killed sod moved into various crops grown in all types of 

residues and rotations. Perhaps the greatest development will be the 

multi-cropping systems using no-tillage methods. Double cropped small 

grains and soybeans, previously practiced only in the south, moved north 

into Kentucky, Ohio, Indiana and Illinois, and west to Iowa and Nebraska, 

with the advent of no-till systems. 


An agronomic evaluation of no-tillage by researchers, Extension specialists 

and farmers would list the following major advantages and disadvantages: 


Advantages -

Reduction of soil erosion. Wind and water erosion potential dictates 

land use. Lloyd, Ohio, shows soil erosion can be reduced from 242,000 

kg/ha under conventional tillage, to 330 kg/ha under no-tillage on 

sloping land with high intensity rainfall. 


Increased land use. Class II and III land can be used as intensively as 
Class I land because of reduced water erosion. Individual farmers can 
increase row crop acreage on land subject to erosion without soil degra­
dation. 

Energy conservation. Energy requirements in the production of corn and 

soybeans can be reduced from 50-75% as compared with conventional 

planting (Griffith, Purdue). 


Less soil compaction. Fewer trips over field and reduction of soil 

preparation lessen the risk of soil compaction. 


Improved timing of crop establishment and planting. Crops may be planted 

and harvested under a wider range of soil moisture conditions with no-

tillage than with conventional methods. 


Reduction in irrigation water usage. From 1" to 2" less irrigation water 

per hectare is required with no-tillage due to reduced evaporation 

associated with the system. This is an important factor from an economic 

standpoint and in areas with a depleting soil water supply (Wiese, Texas). 


Reduced machinery investment. The need for high horsepower tractors is 

eliminated with no-tillage; much of that power is required for plowing 

and discing. 
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Improved moisture regime. No-tillage generally increases water infiltra­

tion rate and reduces erosion. Approximately 20% more soil moisture is 

available for crop use under no-tillage planting which is sufficient to 

reduce plant stress during short drought periods. 


Disadvantages- ­

Soil temperature. Soil temperature tends to run 2 - 3  o lower in no-tillage 
which is a disadvantage in northern areas because it delays spring 
planting. Soils have less day-to-night temperature fluctuation under 
no-tillage, but late spring freezes will injure no-tillage crops to a 
greater extent than conventional crops due to mulch cover and reduced 
soil radiation. 

Insect activity. Insect numbers and crop damage can be higher than in 

conventional tillage, and the need for insecticides is greater. 


Higher producer-managerial level required. More management ability is 

needed or must be developed in the no-tillage system than with conven­

tional methods. There are fewer alternatives to correct errors than in 

conventional systems. 


GROTJTH AND POTENTIAL OF NO-TILLAGE 


The rapid growth of no-tillage from research plots and a few rows for 
observation on farms to present acreage was not expected. Farmers tried 
a few acres and gradually changed to total no-tillage. Others started 
using no-tillage in double cropping while growing a large part of row 
crop acreage in conventional tillage. Producers in the middle Atlantic 
states and the upper southeast now grow 20-30% of all corn acreage no-
tillage, and 30-50% of soybeans no-tillage. 

It is improbable that no-tillage or any single system of production will 
be used by growers to the exclusion of all other methods. A conservative 
estimate is that 60-80% of crop acreage will be planted no-tillage within 
the next 25 years. The ability to control emerging perennial weed 
problems, regulation and availability of chemicals, changing economics of 
crop production, increasing environmental concern for sediment control, 
cost and availability of energy and world need for food and fiber will 
dictate the percentage of crops grown no-tillage and the rate of change 
from traditional methods. 

No-tillage is off the drawing boards and is a highly desirable method of 
crop production with a predictable, steady growth in acreage and numbers 
of producers world-wide. 

Wide interest and adoption of no-tillage has been recorded world-wide, 

and the potential growth and use of no-tillage is unlimited. It should be 

recognized that the no-tillage system as it is known today is less than 
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20 years old, while conventional systems are at least 200 years old. 
It is impossible t o  forecast the changes and opportunities that will 
develop with this important concept of crop production. 

No-tillage has application for both the large commercial operator and 
the small subsistence farmer in developing countries. A farmer without 
equipment can grow only the acres he has the energy to till, but with 
no-tillage more food can be produced. R. Lal, International Institute 
for Tropical Agriculture, 1975, reports similar data on no-tillage maize 
and grain legumes on tropical soils in Ibadan, Nigeria, and sees wide-
spread adoption in the shifting agricultural systems of West Africa. 

Argentine reports from J. Cazenave and others, 1977, support growth 

potential for South America in no-tillage crop production systems 

involving maize, soybeans, sunflower and wheat. 


No-tillage crop production will be limited only by the imagination of 

researchers such as those of you in attendance at this conference. 




- -

- -

CLEAN WATER IN AGRICULTURE 

DWIGHT M.  TREADWAY 

It i s  a p l e a s u r e  t o  be on your program today.  F i r s t ,  l e t  m e  de sc r ibe  t h e  
o rgan i za t i on  I work for  the  S o i l  Conservat ion Se rv i ce .  The SCS i s  par t  
of t h e  U.S. Department of Agricu1ture .  W e  a r e  a t e c h n i c a l  agency made up 
of such d i s c i p l i n e s  as b i o l o g i s t s ,  eng inee r s ,  s o i l  s c i e n t i s t s ,  s o i l  conser­
v a t i o n i s t s ,  economists ,  f o r e s t e r s ,  and agronomists. Our a s s i s t a n c e  i s  
provided through l o c a l  s o i l  and water conserva t ion  d i s t r i c t s  and i nc ludes  
(1) provid ing  t e c h n i c a l  a s s i s t a n c e  t o  h e l p  landowners p l a n  and c a r r y  o u t  
conserva t ion  practices on t h e i r  l and ,  ( 2 )  p r epa r ing  s o i l  surveys  and making 
i n t e r p r e t a t i o n s ,  ( 3 )  he lp ing  u n i t s  of government so lve  f l ood  problems, 
provide municipal  and i n d u s t r i a l  water supply ,  and prov ide  wate r- or ien ted  
r e c r e a t i o n a l  a c t i v i t i e s ,  and ( 4 )  he lp ing  u n i t s  o f  government and i n d i v i d u a l s  
make sound land  use d e c i s i o n s .  

Next, I w i l l  t a l k  about soil conse rva t ion ,  and t h i s  is  r e a l l y  t h e  h e a r t  of 
my p r e s e n t a t i o n .  I d o n ' t  p l a n  for  us  t o  look back i n t o  t h e  d u s t  bowl t h i r ­
t i e s  nor  t o  dwel l  on t h e  severe  e ro s ion  t h a t  was occu r r i ng  i n  t h e  t h i r t i e s  
and before .  W e  know about t hose  days ,  bu t  w e  must n o t  f o r g e t  t hose  hard. 
l e s sons  t h a t  t hose  be fo re  us l ea rned .  

My objective today is tobuild a discussion on old lessons--the need for 
sound conserva t ion  i n  a t ine when w e  must produce n o t  on ly  t o  make a l i v i n g ,  
bu t  a l s o  t o  t r u l y  f eed  t h e  world.. From t h i s  comes two t h i n g s  f i r s t ,  food 
produc t ion  and second, t h e  r e s u l t a n t  environmental  q u a l i t y  s t anda rds  f o r  a 
better l i f e  of which c l ean  water is one. 

The main work of t h e  S o i l  Conservat ion Se rv i ce  and s o i l  conserva t ion  d i s ­
t r i c t s  f o r  t h e  wast 40 y e a r s  ha s  been t o  d e a l  w i t h  s o i l  e r o s i o n  t o  p r o t e c t  
t h e  l a n d ' s  a b i l i t y  t o  produce food and f i b e r .  W e  and conserva t ion  d i s t r i c t s  
a r e  j u s t l y  proud of what we  have helped Georg ia ' s  landowners do i n  conser­
vation. We call our basic program of conservation operations "CO." In this 
program w e  p rov ide  h e l p  t o  landowners t o  c a r r y  o u t  conserva t ion  practices on 
t h e i r  l and .  Our s o i l  survey program, t h e  watershed program, and t h e  resource  
conserva t ion  and development program have a l l  been s u c c e s s f u l .  We can p o i n t  
to  many success  s t o r i e s .  

I n  spite o f  t h i s ,  today  t h r ee- fou r th s  o f  t h e  cropland i n  Georgia does n o t  
have adequate conserva t ion  t reatment and a l a r g e  p o r t i o n  of urban and o t h e r  
l and  u se s  do no t  have adequate  conserva t ion  t rea tment .  

Although t h e s e  f i g u r e s  a r e  f o r  Georgia ,  t h e  same s t o r y  also a p p l i e s  t o  ou r  
neighboring states, and throughout  a l l  o f  t h e  South.  Erosion i s  s t i l l  i n  
t h e  range of t e n  t o  f i f t e e n  t o n s  per acre per year  from u n t r e a t e d  cropland.  
This  i s  two or t h r e e  t i m e s  t h e  minimum necessary  t o  main ta in  su s t a ined  
product  ion .  

Dwight M.  Treadway i s  State  Conse rva t i on i s t ,  S o i l  Conservat ion S e r v i c e ,  
Athens, Georgia.  



--

Technica l  a s s i s t a n c e  t o  l and  u s e r s  through so i l  conserva t ion  d i s t r i c t s  has  
done much toward t h e  j o b  o f  c o n t r o l l i n g  e r o s i o n .  Las t  y e a r ,  t h e  S o i l  Con­
s e r v a t i o n  Se rv i ce  d e l i v e r e d  ove r  90,000 s e r v i c e s  t o  landowners i n  Georgia. 
The o t h e r  s ta tes  around us d i d  t h e  same. 

I n  t h e  l a s t  f ive o r  s i x  y e a r s ,  t h e  American farmer began t o  compete i n  t h e  
expo r t  market more than  eve r  before .  Th i s  may prove t o  be a g r e a t  t h i n g  
f o r  a g r i c u l t u r e .  Expor t s  are no t  on ly  va luab l e  t o  t h e  fa rmer ,  bu t  they  a r e  
a l s o  e q u a l l y  va luab l e  t o  t h e  e n t i r e  economy. Exports  create jobs  and they  
a l s o  buy t h i n g s  such  as o i l  from t h e  world market t h a t  o u r  d o l l a r s  cannot 
buy.  Therefore ,  f o r  t h e  past  few yea r s  a g r i c u l t u r e  w a s  i n  a no-program, 
farm-program s i t u a t i o n .  The green l i g h t  w a s  on plant a l l  you wanted. The 
new USDA g r a i n  reserve program changes t h i s  somewhat so t h e r e  w i l l  l i k e l y  
be a dampening effect  on to ta l  produc t ion .  

Th i s  i n c r e a s e  i n  p roduc t ion  and i n  c rop land  use  came about  as a r e s u l t  of 
d e c i s i o n s  made a t  t h e  n a t i o n a l  level.  

On t h e  o t h e r  hand, i n  1972 Congress s a i d  t h a t  by 1983 a l l  of t h e  streams 
and waters i n  t h e  n a t i o n  would be f i s h a b l e  and swimmable. The ques t i on  
becomes t h e n ,  “How do w e  do bo th?“  How do w e  i n c r e a s e  food supply and a t  
t h e  same t i m e  improve water  q u a l i t y ?  

Nearly  h a l f  of t h e  1,000,000 acres of new land  t h a t  went i n t o  crop produc­
t i o n  i n  Georgia du r ing  t h e  p a s t  f o u r  o r  f i v e  y e a r s  h a s  been s u b j e c t  t o  
exces s ive  s o i l  e r o s i o n .  

I n  Georgia ,  w e  now have 7 ,000,000 acres of cropland.  Only h a l f  o f  it i s  on 
p r i m e  l and .  The remainder i s  s u b j e c t  t o  severe e ros ion .  

But ,  w e  have t h e  p o t e n t i a l  of adding an a d d i t i o n a l  7,000,000 a c r e s  of crop-
land  without  creating s e r i o u s  problems. Th i s  can be done by us ing  prime 
l ands  now is p a s t u r e ,  woodland, or o t h e r  u se s .  The same k ind  o f  t h i n g  could 
be done i n  ne ighbor ing  states. 

Another s i g n i f i c a n t  happening i n  t h e  South i s  t h e  i nc r ea sed  use of i r r i g a t i o n .  
W e  a r e  approaching t h e  800,000-acre- range o f  i r r i g a t i o n  on cropland i n  Geor­
g i a .  Th i s  i s  c r e a t i n g  a new demand for  waterways, terraces, and o t h e r  ero­
s i o n  c o n t r o l  p r a c t i c e s .  

U p  t o  t h i s  p o i n t ,  w e  have t a l k e d  about  i n c r e a s i n g  e x p o r t s  i n  o r d e r  t o  
ba lance  payments t o  t h e  e x t e n t  possible so t h a t  w e  can buy fo r e ign  o i l .  W e  
have d i s cus sed  t h e  i nc r ea sed  use  of c rop land  i n  t h e  South a s  a r e su l t  of 
t h a t .  W e  have also se t  t h e  stage for t h e  Federa l  Water P o l l u t i o n  Act s e t t i n g  
f o r t h  a n a t i o n a l  o b j e c t i v e  t h a t  by 1983 we w i l l  have f i s h a b l e  and swimmable 
waters. 

Our ques t i on  now i s  how w e l l  are we  doing and how w e l l  have we done i n  t h e  
past i n  terms of p r o t e c t i n g  o u r  s o i l  resource  i n  o r d e r  t o  m e e t  t h e s e  two 
apparen t  c o n f l i c t i n g  o b j e c t i v e s .  

I n  1976, we  he lped  landowners app ly  conse rva t i on  practices on 118,000 a c r e s  
of c rop land  o u t  of something l i k e  3,000,000 acres of l and  needing conserva­
t i o n  p r a c t i c e s .  I n  1977, w e  helped landowners app ly  conserva t ion  p r a c t i c e s  
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on 290,000 a c r e s  of cropland.  This  y e a r ,  w e  w i l l  p a s s  t h e  600,000 mark. 
How d i d  w e  do t h i s ?  A l o t  of it came from t h e  use of n o - t i l l  farming 

My message t o  you today i s  t h i s .  I n  t h i s  t i m e  o f  l and  use changes and 
demands for g r e a t e r  food p roduc t ion ,  w e  must speed up our  a p p l i c a t i o n  o f  
conserva t ion  and improved water q u a l i t y  p r a c t i c e s .  If w e  depend on t e r r a c e s ,  
contour  s t r i p c r o p p i n g ,  or o t h e r  t r a d i t i o n a l  practices,  w e  w i l l  never  g e t  t h e  
j ob  done. 

The b r i g h t  s tar  i n  our  program today i s  n o - t i l l  farming. N o- t i l l  o f f e r s  t h e  
b e s t  r a y  o f  hope t h a t  w e  have f o r  meeting t h e  demands of so i l  e r o s i o n  con­
t r o l  on farms i n  t h e  South and s t i l l  reach  t h e  goa l s  of i nc r ea sed  food pro­
duc t ion  and improved water q u a l i t y .  W e  i n  t h e  S o i l  Conservat ion Se rv i ce  
are going a l l  o u t  t o  advocate  t h e  use of n o - t i l l .  There i s  no o t h e r  cho ice .  

Sure ,  we  recognize t h e r e  are s t i l l  problems, bu t  i t  i s  t h e  on ly  t o o l  w e  have 
a t  p r e s e n t  for c o n t r o l l i n g  s o i l  e r o s i o n  on a l a r g e  area i n  a r e l a t i v e l y  
s h o r t  t i m e .  So, w e  ask  your help--we ask for  your s k i l l s ,  your knowledge, 
your i d e a s ,  your t e c h n i c a l  competence, your p a t i e n c e ,  and your unders tanding.  
It is t h e  best e ro s ion  control  tool t h a t  ha s  come a long  l a t e l y ,  and we must 
use  it. 

We t h i n k  n o - t i l l  has a g r e a t  f u t u r e  i n  Georgia and i n  t h e  South.  Research 
conducted by t h e  Un ive r s i t y  of Georgia and t h e  Southern Piedmont Research 
Center  ha s  been expanded du r ing  t h e  past  yea r .  W e  are looking  forward t o  
r e s u l t s  from t h i s  work as w e l l  a s  r e s e a r c h  from a d j o i n i n g  s ta tes .  We have 
good conserva t ion  farmers throughout  t h e  South who va lue  t h e i r  t o p s o i l  and 
are i n t e r e s t e d  i n  keeping it a t  home. 

We are grateful to the people in agriculture, industry, research, and exten­
s i o n  for  j o i n i n g  t o g e t h e r  t o  make t h i s  meeting possible. Most o f  a l l ,  w e  
appreciate you f anne r s  and a l l  o t h e r s  who took t i m e  t o  a t t e n d  t h i s  conference .  

I hope t h i s  meeting w i l l  answer many o f  our  ques t i ons  and move n o - t i l l  farm­
ing  a s t e p  c l o s e r  t o  becoming a s c i ence .  

With a l l  of u s  working t o g e t h e r  w e  can  make n o - t i l l  become an ou t s t and ing  
success  i n  t h e  South.  



MULTIPLE C R O P P I N G  - VALUE OF MULCH 

RAYMOND N .  GALLAHER 

INTRODUCTION 

M u l t i c r o p p i n g  (g row ing  t w o  o r  more c r o p s  p e r  y e a r  on  t h e  same land  a rea )  
has g r e a t e s t  advantage i n  t h e  t r o p i c s  and s u b - t r o p i c s  where 12 month 
g r o w i n g  seasons a r e  n o t  u n u s u a l .  S ince  F l o r i d a  and much o f  t h e  s o u t h e a s t e r n  
U.S. l i e s  i n  or  c l o s e  t o  t h i s  r e g i o n ,  p r o p e r l y  managed m u l t i c r o p p i n g  
systems c o u l d  r e s u l t  i n  i n c r e a s e d  f o o d  p r o d u c t i o n  by t a k i n g  advantage 
o f  t h e  l ong  g r o w i n g  season. Farmers i n  Taiwan,  f o r  example, s u c c e s s f u l l y  
use m u l t i c r o p p i n g  and r o u t i n e l y  grow as many as  5 or more c r o p s  p e r  yea r  on 
t h e  same land.  T h i s  success b y  t h e  Taiwan fa rmers  i s  due i n  p a r t  to  t h e  
u t i l i z a t i o n  of a yea r- round  f a v o r a b l e  g row ing  season and t o  t h e  use o f  
new techno logy ,  i n c l u d i n g  s h o r t  season c r o p  v a r i e t i e s ,  i n g e n i o u s  systems 
for o v e r l a p p i n g  p l a n t i n g  and h a r v e s t  d a t e s ,  and p r o p e r  use o f  f e r t i l i z e r  
and p e s t i c i d e s .  

The ac reage  under  m u l t i c r o p p i n g  has i nc reased  r a p i d l y  d u r i n g  r e c e n t  yea rs  
i n  t h e  U . S . ,  t h e  l a r g e s t  agronomic  m u l t i c r o p p i n g  system b e i n g  sma l l  g r a i n  
succeeded by soybeans. C l i m a t i c  c o n d i t i o n s  i n  the s o u t h e a s t  a r e  such t h a t  
m u l t i c r o p p i n g  s h o u l d  be e x p l o i t e d  t o  t h e  u t m o s t  t o  h e l p  meet t h e  demand 
f o r  a g r i c u l t u r a l  p r o d u c t s .  Food and f i b e r  p r o d u c t i o n  must  i nc rease  t o  
s a t i s f y  t h e  needs o f  a r a p i d l y  g r o w i n g  p o p u l a t i o n  i n  t h e  s o u t h e a s t  and t o  
h e l p  meet t h e  needs c r e a t e d  f r o m  n a t i o n a l  and w o r l d  c o m p e t i t i o n .  
Producers  i n  t h e  s o u t h e a s t  must  make b e t t e r  u t i l i z a t i o n  o f  t h e i r  f a rm land  
on  a yea r- round  p r o d u c t i o n  b a s i s  t o  o f f s e t  i nc reased  c o s t  and i n f l a t i o n  
from l a n d  p r i c e s ,  t a x e s ,  l a b o r ,  mach ine ry ,  i n t e r e s t ,  i r r i g a t i o n  systems and 
o t h e r  f o rms  o f  overhead.  

Many m u l t i c r o p p i n g  f a r m e r s  a r e  i n c r e a s i n g  t h e i r  chances f o r  success by 
u t i l i z i n g  n o - t i l l a g e  ( t h e  open ing  o f  a s l o t  i n  t h e  s o i l  o n l y  s u f f i c i e n t l y  
deep and w i d e  t o  p r o p e r l y  d e p o s i t  and c o v e r  the seed) or n o - t i l l a g e  p l u s  
s u b s o i l i n g ,  t o  p l a n t  one or more c r o p s  i n  t h e i r  m u l t i c r o p p i n g  system. 
M u l t i c r o p p i n g  n o - t i l l a g e  f a r m i n g  r e q u i r e s  a h igh l e v e l  o f  management t h a t  
m o s t  p roduce rs  have not  expe r ienced .  N o - t i l l a g e  has numerous advantages ove r  
c o n v e n t i o n a l  t i l l a g e  p l a n t i n g  management. N o - t i l l a g e  reduces e r o s i o n  (18 ) .  
N o - t i l l a g e  conserves  s o i l  m o i s t u r e  when p l a n t i n g s  a r e  i n t o  a c h e m i c a l l y  
c o n t r o l l e d  mu lch  c r o p  and i n d i c a t i o n s  a r e  t h a t  a more v i g o r o u s  root  system 
deve lops  t o  a i d  i n  w i t h s t a n d i n g  d r o u g h t  s t r e s s  ( 1 1 ) .  N o - t i l l a g e  r e s u l t s  i n  
t i m e l y  p l a n t i n g  o f  c r o p s  i n  s u c c e s s i o n  w i t h o u t  d e l a y s  expe r ienced  i n  conven­
t i o n a l  seedbed p r e p a r a t i o n  ( 1 3 ) .  N o - t i l l a g e  reduces t h e  number o f  f a r m i n g  
o p e r a t i o n s ,  t h u s  i n  many cases r e d u c i n g  p r o d u c t i o n  c o s t  and c o n s e r v a t i o n  
o f  f u e l  (22 ) .  N o - t i l l a g e  r e s u l t s  i n  g r e a t e r  or equa l  y i e l d  of c rops  
(10, 12, 19) .  N o - t i l l a g e  reduces prob lems w i t h  Lesse r  Corn S t a l k  Borer ,  
one o f  t h e  most  dreaded i n s e c t s  i n  t h e  s o u t h e a s t  ( 2 , 3 ) .  N o - t i l l a g e  i n  
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con junc t i on  w i t h  a good mulch c rop  can reduce weed problems when compared 
e q u a l l y  w i t h  convent ional  t i l l a g e  (12) .  N o - t i l l a g e  farming has disadvan­
tages as w e l l  as the previously mentioned advantages. The disadvantages 
can be summed up i n  t he  fact t h a t  t h i s  type of farming requ i res  an 
i nnova t i ve ,  h i g h l y  s k i l l e d ,  and informed farmer who, t o  be success fu l ,  
wants t o  make i t  work. 

Many producers a r e  u t i l i z i n g  n o - t i l l a g e  p l a n t e r s  t o  grow crops i n  c rop  
res idues ,  mulch crops or sod crops i n  succession m u l t i c r o p p i n g  systems. 
Because o f  new n o - t i l l a g e  and n o - t i l l a g e  p l u s  s u b s o i l i n g  equipment and 
chemical weed c o n t r o l ,  producers can u t i l i z e  c rop  res idues,  mulch crops and 
sods to  g r e a t  advantage as mulch for  succeeding crops ins tead  o f  burn ing  
o r  o therwise des t roy ing  them as i n  pas t  management. Mulch m a t e r i a l s  
i nc l ude  any th ing  l e f t  on or app l i ed  t o  the  s o i l  su r face  around p l a n t s  or 
i n  which crops a r e  p l an ted  i n t o  t o  conserve mo is tu re ,  moderate s o i l  
temperature,  c o n t r o l  weeds, p reven t  e ros ion  and t o  increase c rop  or  
p l a n t  p roduc t i on  capac i t y .  The mulch m a t e r i a l  may be o rgan i c ,  such as 
compost, bark,  leaves, grass c l i p p i n g s ,  c rop  res idues ,  dormant or k i l l e d  
sods, and k i l l e d  w i n t e r  cover crops such as smal l  g ra i ns  and legumes; or 
i t  may be i n e r t ,  such as sand, g r a v e l ,  pebbles, t i n f o i l  o r  po lye thy lene  
f i Im.  

Probably the most impor tant  f a c t o r  t o  farmers i s  t he  f a c t  t h a t  p r o p e r l y  
u t i l i z e d  mulch can r e s u l t  i n  s i g n i f i c a n t  increases i n  y i e l d  o f  crops 
( 1 1 ,  14, 23, 24).  The major c o n t r i b u t i n g  f a c t o r s  t o  y i e l d  response from use 
of a mulch i s  a r e s u l t  of the conserva t ion  of s o i l  water (6 ,  1 1 ,  14, 
20, 23, 24) ,  f r o m  reduced water r u n o f f  ( 1 ,  4, 14,  16, 24) and increased 
water i n f i l t r a t i o n  (9, 15, 16 ) .  Mulch m a t e r i a l  prevents  loss o f  water 
from the  s o i l  by evaporat ion.  S o i l  mo i s tu re  moves by c a p i l l a r y  a c t i o n  t o  
the  su r f ace  and evaporates i f  n o t  covered by a mulch. Mulching w i l l  
p revent  c r u s t i n g  o f  the s o i l  su r face ,  thus improving abso rp t i on  and per­
c o l a t i o n  o f  water i n t o  the  s o i l  and a t  the  same t ime, e l i m i n a t i n g  e ros ion .  
So i l  i t s e l f ,  f e r t i l i z e r s  and o ther  chemicals app l i ed  t o  t he  s o i l  a re  
major c o n t r i b u t i n g  sources to  a g r i c u l t u r a l  p o l l u t i o n .  Losses o f  s o i l  
and chemicals by bo th  water and wind e ros ion  can be reduced t o  near zero  
by u t i l i z i n g  mulches i n  c rop  p roduc t i on  (1, 4, 9, 15, 16, 23). Maintenance 
o f  a more un i f o rm  s o i l  temperature can be obta ined by us ing  mulches i n  
crop p roduc t i on  (6, 20, 23) .  The mulch a c t s  as an i n s u l a t o r  t h a t  keeps 
the  s o i l  warm d u r i n g  c o o l  pe r i ods  and cool under in tense  s u n l i g h t .  
Organic mulches can improve s o i l  s t r u c t u r e  and t i l t h .  As the  mulch 
decays, the  m a t e r i a l  works down i n t o  the  t o p s o i l .  Decaying mulch can 
serve as a source o f  increased c a t i o n  exchange s i t e s  t o  h o l d  more p l a n t  
n u t r i e n t s  as w e l l  as the a d d i t i o n  o f  n u t r i e n t s  to  t he  s o i l .  Mulch from 
legumes can f u r n i s h  s u b s t a n t i a l  q u a n t i t i e s  o f  n i t r o g e n  (N) and o the r  
n u t r i e n t s  t o  t he  succeeding c rop  (17) .  Good mulches have ‘control led or 
reduced weeds (5, 12, 21),  increased p l a n t  n u t r i e n t  uptake (20), reduced 
the need for tillage opera t ions  and thereby reduced so i l  compaction (7), 
increased s o i l  aggregat ion,  o rgan ic  mat te r  and s o i l  N ( 4 ) ,  and improved 
crop stands and reduced p roduc t i on  costs  ( 5 ) .  

When n o - t i l l a g e  and mulch management a r e  p rope r l y  incorpora ted  i n  va r i ous  
m u l t i p l e  cropping systems, advantages o f  each can a s s i s t  modern day farmers 
t o  be b e t t e r  producers o f  food and f i b e r .  The o b j e c t i v e  o f  t h i s  paper i s  
t o  d iscuss some examples o f  mulch management assoc ia ted  w i t h  m u l t i p l e  
cropping. I t  w i l l  be imposs ib le  t o  cover a l l  aspects of the sub jec t  
o r  t o  c i t e  every research re ference on the  sub jec t .  
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SMALL GRAIN RESIDUE FOR A MULCH 

S m a l l  g r a i n  f o l l owed  by soybeans i s  the agronomic m u l t i c r o p p ing system most 
widely grown i n  the  southeast  U.S., and p robab ly  i n  the  wo r l d  About half 
o f  smal l  g r a i n  p l a n t s  i s  c rop  res idue  t h a t  can be used f o r  a mulch i n  no-
t i l l a g e  p l a n t i n g  o f  summer annuals.  Wheat s t raw res idue  averages about 
9 0 ,  0.67, 0.07, 0.97, and 0.17% d r y  ma t te r ,  N, phosphorus ( P ) ,  potassium 
(K)  and ca lc ium (Ca), r e s p e c t i v e l y  (8 ) .  A 40 bu/A wheat c rop  w i l l  leave 
a res idue  o f  about 4,080 Ib/A c o n t a i n i n g  about 27,  6 and 47 Ib/A of 
N, P20 and K20, r e s p e c t i v e l y .  S o i l  e ros ion  can be reduced t o  a minimum 
w i t h  about 1,700 Ib/A o f  wheat r es i due  on a sandy o r  sandy loam soil and 
about 750 lb /A i s  needed on a c l a y  loam (8 ) .  

Interrill e ros ion  can be reduced by 40% w i t h  450 lb/A wheat s t raw and about 
80% by 1,800 lb/A as compared t o  no mulch (15).  Eros ion was near zero 
a t  h i ghe r  mulch ra tes .  Water r u n o f f  was s l i g h t l y  reduced a t  the  1,800 Ib/A 
r a t e .  Another s tudy found t h a t  2,000 Ib/A o f  wheat s t raw decreased s o i l  
loss t o  o n l y  18% b u t  t h a t  4,000 Ib/A reduced e ros ion  to  less than 5% of  
the  c o n t r o l  (16) .  Runoff v e l o c i t y  r educ t i on  by the mulch was the  major 
c o n t r i b u t i n g  f a c t o r  t o  reduce e ros ion .  

Summary o f  3 t o  4 years and 4 l o c a t i o n s  i n  Georgia o f  wheat-soybean double 
c ropp ing  y i e l d  i s  found i n  Tables 1 and 2 .  Note t h a t  system 4, n o - t i l l a g e  
of  soybeans i n t o  wheat s t raw,  i s  the  system i n  which mulch i s  u t i l i z e d .  
Soybean y i e l d  f o r  t reatment  4 i s  equal t o  soybeans i n  a l l  o t h e r  systems 
i n c l u d i n g  monocropped f u l l  season soybeans, t reatment  3. 

Table 2 shows f e r t i l i t y  response of wheat soybean double cropping a t  
t he  same s o i l  s i t e  f o r  3 years.  E f f e c t i v e  use o f  preemergence and post -
emergence h e r b i c i d e s ,  narrow rows, t ime l i ness  o f  ha rves t i ng  o f  wheat and 
p l a n t i n g  o f  soybeans i n t o  the  wheat s t raw has e s s e n t i a l  t o  o b t a i n  
these y i e l d s .  

WINTER ANNUAL CROPS FOR A MULCH 

These m u l t i c r o p p i n g  systems i nc l ude  growing of  wheat, r ye ,  oa ts ,  ba r l ey ,  
ryegrass,  ve tch ,  l u p i n  and c l o v e r s  t h a t  are chem ica l l y  k i l l e d  and con­
v e r t e d  t o  a mulch c rop  a t  or be fo re  p l a n t i n g  o f  the  succeeding crop.  I n  
some instances a smal l  g r a i n  and legume m ix tu re  i s  grown as the  mulch crop.  
No-t i l lage co rn  p l an ted  into Harry vetch and cr imson c l o v e r  m ix tu res  
produced g r a i n  y i e l d s  comparable t o  those obta ined by the a p p l i c a t i o n  
o f  100 Ib/A N i n  a U n i v e r s i t y  o f  Delaware s tudy (17) .  Approximately one-
t h i r d  o f  the  t o t a l  N f rom mulch covers was re leased t o  t he  corn  i n  a s i n g l e  
season, w i t h  about 90% o f  t h i s  de r i ved  f rom cover c rop  top  growth. 
Mulch covers were less  r e f l e c t i v e  than the  bare s o i l  sur face,  r e s u l t i n g  
i n  mulch su r f ace  temperatures up t o  10 C h i ghe r  than those w i t h  unprotected 
s o i l  su r faces .  Temperatures immediately below the  mulch covers were more 
than 10 C lower than those of the su r f ace  o f  unpro tec ted  s o i l .  

Ten years o f  research a t  Clemson University has shown t h a t  ve tch  and r y e  
mulch averaged 3.11 inches l ess  water r u n o f f  pe r  year ,  2.38 tons/A 
less s o i l  e ros ion  loss p e r  year  and t h a t  y i e l d  was equal o r  g r e a t e r  than 
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plowed unmulched c o r n  ( 4 ) .  T h i s  s t u d y  showed t h a t  t h e  degree o f  s o i l  
a g g r e g a t i o n  i nc reased  a f t e r  10 yea rs  i n  mulched t r e a t m e n t s  b u t  was reduced 
s i g n i f i c a n t  y i n  t h e  p lowed check  t r e a t m e n t .  Mulched t r e a t m e n t  o f  v e t c h  
and r y e  i n c  eased s o i l  o r g a n i c  m a t t e r  f rom 1 .5  to  2.6%, and s o i l  N 
f r o m  0.047 o 0.069% a f t e r  10 y e a r s  o f  c o n t i n u o u s  c o r n ,  w h i l e  t h e  p lowed 
check remained a t  1.2% o r g a n i c  m a t t e r  and 0.036% N .  

I n  a Georg ia  s tudy ,  n o - t i l l a g e  o f  c o r n  and soybeans showed t h a t  u s i n g  
t h e  r y e  c r o p  f o r  a mulch  as opposed t o  removal f o r  hay r e s u l t e d  i n  52 
bu/A more c o r n  and 13 bu/A more soybeans ( 1 1 ) .  T h i s  was a 46% i n c r e a s e  
fo r  c o r n  and 30% i n c r e a s e  f o r  soybeans. C o n s e r v a t i o n  and b e t t e r  u t i l i z a t i o n  
o f  moisture was t h e  m a j o r  a t t r i b u t i n g  f a c t o r  t o  b e t t e r  y i e l d  from t h e  r y e  
mulch  t o r n  and soybeans. S i m i l a r  s t u d i e s  i n  F l o r i d a  o f  n o - t i l l a g e  p l u s  sub-
s o i l i n g  i n t o  r y e  mulch  v e r s u s  c o n v e n t i o n a l  t i l l a g e  r e s u l t e d  i n  s i g n i f i c a n t l y  
g r e a t e r  soybean and g r a i n  sorghum y i e l d s ,  t a l l e r  p l a n t s ,  g r e a t e r  c r o p  
p o p u l a t i o n s  and fewer  weeds ( 1 2 ) .  

Tab les  3 -5  g i v e  y i e l d  d a t a  f rom t h e  U n i v e r s i t y  of F l o r i d a  on  g rowth  o f  
c r o p s  p l a n t e d  i n  w i n t e r  annua ls  grown f o r  a mulch .  These d a t a  i l l u s t r a t e  
many o f  t h e  b e n e f i t s  o f  n o - t i l l a g e  and a mulch  as d i s c u s s e d  i n  t h e  i n t r o ­
d u c t i o n .  N o - t i l l a g e  p l u s  s u b s o i l i n g  r e s u l t e d  i n  h i g h e r  y i e l d  t han  r e g u l a r  
n o - t i l l a g e  f o r  c o r n ,  g r a i n  sorghum and s u n f l o w e r s  ( T a b l e  3 ) .  I n  a s i m i l a r  
s t u d y  c o r n  y i e l d  was 133 bu/A f rom n o - t i l l a g e  p l u s  s u b s o i l  i n  r y e  f o r  mulch  
and 114 bu/A f o r  c o n v e n t i o n a l  t i l l a g e  plus s u b s o i l .  

Harry vetch p r o v i d e d  a lmos t  a l l  t h e  N r e q u i r e d  f o r  c o r n  and g r a i n  sorghum 
Table 4),  and n o - t i l l a g e  o f  t hese  c r o p s  i n t o  t h e  v e t c h  gave h i g h e r  
y i e l d  t han  c o n v e n t i o n a l  t i l l a g e .  Data  i n  T a b l e  5 i l l u s t r a t e s  t h e  d i f f e r e n c e  
i n  N requ i remen ts  o f  g r a i n  sorghum depend ing on t h e  mulch  or g reen  manure 
c r o p  p receed ing  t h e  g r a i n  sorghum. 

SOD CROPS FOR A MULCH 

Sod c r o p s  o f  p e r e n n i a l  g rasses ,  such as o r c h a r d g r a s s ,  b l u e g r a s s ,  f escue ,  
bermudagrass and b a h i a g r a s s  have been used as mulch  c r o p s  f o r  n o - t i l l a g e  
c o r n  more than  any o t h e r  summer annua l .  More problems have been encoun te red  
from t h e  warm season sod c r o p s  than  c o o l  season. I n  gene ra l  c o r n  p r o d u c t i o n  
has been good i n  t hese  sod c r o p s  i f  t h e  sod i s  k i l l e d  e f f e c t i v e l y  w i t h  
h e r b i c i d e s  so t h a t  t h e  sod c r o p  does n o t  compete w i t h  c o r n  for wa te r  and 
f e r t i l i z e r .  P r o p e r l y  managed sods can  be b e n e f i c i a l  as a mu lch  f o r  
g row ing  n o - t i l l a g e  c o r n .  

A V i r g i n i a  s t u d y  ( 1 4 )  showed t h a t  mulched t r e a t m e n t s ,  whether  o f  undisturbed 
k i l l e d  o r c h a r d g r a s s  sod on n o - t i l l a g e  p l o t s  or o f  wheat s t r a w  on  c o n v e n t i o n a l  
p l o t s ,  gave t h e  l owes t  v a l u e s  for w a t e r  r u n o f f  and h i g h e s t  v a l u e s  f o r  s o i l  
w a t e r  c o n t e n t  and y i e l d  o f  c o r n .  S o i l  w a t e r  conserved by  t h e  mulches 
i nc reased  c o r n  y i e l d  by 39 bu/A. Another  V i r g i n i a  s t u d y  produced an 
average o f  103 bu/A c o r n  on n o - t i l l a g e  i n  o r c h a r d g r a s s  v e r s u s  80 bu/A from 
c o n v e n t i o n a l  t i l l a g e  (23 ) .  The h i g h e r  y i e l d  w i t h  23 bu/A more c o r n  f rom 
n o - t i l l a g e  ve rsus  c o n v e n t i o n a l  was a t t r i b u t e d  to  l e s s  w a t e r  r u n o f f ,  less 
e v a p o r a t i o n ,  and n e g l i g i b l e  e r o s i o n .  T h i s  r e s u l t e d  i n  more e f f i c i e n t  use  
o f  w a t e r  f o r  c r o p  p r o d u c t i o n .  Kentucky r e s e a r c h e r s  have shown t h a t  k i l l e d  
b l u e g r a s s  sods have h i g h e r  s o i l  w a t e r  c o n t e n t  and lower s o i l  tempera tures  
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i n  n o - t i l l a g e  c o r n  s t u d i e s  ( 6 ) .  I n  an  Ohio  s t u d y ,  t a l l  f e s c u e  k i l l e d  and 
used f o r  a mu lch  i n  n o - t i l l a g e  c o r n  management p roduced 3 t imes  as g r e a t  
a y i e l d  e f f e c t  f o r  corn as  c o n v e n t i o n a l  t i l l a g e  t r e a t m e n t s  ( 2 4 ) .  

I n  a Georg ia  s t u d y ,  t h e  a u t h o r  f ound  t h a t  n o - t i l l a g e  o f  c o r n  i n  a f i e l d  o f  
abou t  50% f e s c u e  and 50% bermudagrass averaged 10 bu/A l e s s  than  conven­
t i o n a l  t i l l a g e  t r e a t m e n t s .  C o n v e n t i o n a l  t i l l a g e  c o r n  ranged from 128 t o  
154 bu/A w i t h  an  ave rage  o f  143 bu/A and n o - t i l l a g e  i n t o  t h e  sod ranged f rom 
121 t o  I 3 8  bu/A w i t h  a n  average of 133 bu/A. I ncomp le te  c o n t r o l  of t h e  
bermudagrass r e s u l t e d  i n  c o m p e t i t i o n  o f  t h e  sod w i t h  t h e  n o - t i l l a g e  c o r n .  

G r a i n  sorghum tended t o  y i e l d  abou t  t h e  same f o r  n o - t i l l a g e  ve rsus  con­
v e n t i o n a l  t i l l a g e  i n  a b a h i a g r a s s  sod ( T a b l e  5 ) .  Bah iagrass  was effec­
t i v e l y  c o n t r o l l e d  by p r e a p p l i c a t i o n  o f  Roundup and p o s t  d i r e c t  a p p l i c a t i o n  
o f  Paraquat  i n  t h i s  s t u d y .  

SUMMARY 

Crop r e s i d u e s ,  mulch  c r o p s ,  and sod c r o p s  can be u t i l i z e d  i n  numerous 
m u l t i p l e  c r o p p i n g  systems. E f f e c t i v e  management o f  mulches r e q u i r e s  
knowledge o f  how t o  f a r m  by t h e  n o - t i l l a g e  method and how t o  e f f e c t i v e l y  
u t i l i z e  c o n t a c t  h e r b i c i d e s  such as Paraquat  and Roundup t o  k i l l  and/or  
c o n v e r t  crop r e s i d u e s ,  mulch  c r o p s  and sod c r o p s  i n t o  a mulch .  P r o p e r l y  
managed mulches i n  m u l t i c r o p p i n g  n o - t i l l a g e  f a r m i n g  a r e  v a l u a b l e  because 
o f  reduced e r o s i o n  and p o l l u t i o n ,  m o i s t u r e  c o n s e r v a t i o n ,  l ower  s o i l  temp­
e r a t u r e s  i n  warm wea the r ,  higher s o i l  t empera tu res  i n  c o l d  wea the r ,  b e i n g  
a s o u r c e  o f  s o i l  o r g a n i c  m a t t e r  and p l a n t  n u t r i e n t s ,  reduced weed g rowth ,  
reduced Lesser  Corn S t a l k  Bo re r  i n f e s t a t i o n ,  improved chemica l  and phys­
i c a l  s o i l  p r o p e r t i e s ,  improvement i n  t i m e l i n e s s  f o r  p l a n t i n g  o f  c r o p s ,  
fewer t i l l a g e  o p e r a t i o n s ,  and improved c r o p  y i e l d .  
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3. 

4. 
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TABLE 1 .  AVERAGE OF THREE OR FOUR YEARS AND THREE LOCATIONS (CALHOUN, 
GRIFFIN AND PLAINS, GA.) OF DOUBLE C R O P  WHEAT-SOYBEANS. 

SOYBEANS AVERAGE Y I 
System F o l l o w i n g  P l a n t e d  T i l l a g e  Wheat Soy beans 

t o n  DM/A bu/A 
1. Wheat f o r a g e  e a r l y  no 3.0 32 
2. Wheat f o r a g e  e a r l y  yes 3.0 28 
3. No- crop e a r l y  yes 3 1  
4, Wheat g r a i n  l a t e  no  45.0 31 
5. Wheat g r a i n  l a t e  yes 45.0 31  

TABLE 2 .  THREE YEAR AVERAGE YIELD OF WHEAT-SOYBEAN MULTICROPPING FROM 
FERTILIZATION ON A CECIL SCL AT GRIFFIN, GA.  

T reatment  T i l l a g e  Annual F e r t i l i t y  Y i e l d  
Wheat Soybeans Wheat Soybeans Wheat Soybeans T o t a l  

N - P - K bu/A 
1 
2 
3 

y es no 
yes no  
yes no 

0-0-0 O - O - O 
67 - 0 - 0 0-0-0  
67-65-125 O - O - O 

15 d 
39 c 
43 a 

16 d 3 1  d 
29 c 68 c 
36 b 79 b 

4 yes no 67-130-250 O- O- O 50 a 39 a 89 a 

TABLE 3. CORN,  G R A I N  SORGHUM, AND SUNFLOWERS PLANTED NO-TILLAGE INTO 
R Y E  FOR A MULCH I N  1978 AT WILLISTON, FLORIDA. 

Crop V a r i e t y  N o  - T i l l a g e  N o  - T i l l a g e  D i f f e r e n c e  % 
p l u s  s u b s o i l  I nc rease  

Corn Funks G4507 89 bu/A 100 bu/A 1 1  bu/A 12 
Sorghum Grower ML135 46 bu/A 72 bu/A 26 bu/A 57 
Sorghum Deka lb  BR54 27 bu/A 69 bu/A 42 bu/A 156 
S u n f l o w e r  Sungrow 380* 358 # / A  914 # /A  556 # /A  156 

Sun f l ower  d a t a  was i n  c o o p e r a t i o n  w i t h  O r .  B r i a n  A.  B a i l e y .  
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TABLE 4. G R A I N  AND FORAGE YIELD FOLLOWING HARRY VETCH KILLED FOR A 
MULCH (M) OR USED AS A GREEN MANURE (GM). AVERAGE OF 1977 and I978  
AT THE UNIVERSITY OF FLORIDA. 

N i t r o g e n  # / A - - -
T i l  l age  0 75 150 average 

Deka lb  BR54 G r a i n  Sorghum bu/A 
no  ( M I  62 71 72 68 
y e s  (GM) 49 53 57 53 
X 56 62 65 

Deka lb  BR54 G r a i n  Sorghum t o n  d r y  m a t t e r / A  
n o  (MI 4.45 4.97 4.97 4.80 

X 3.99 

Deka lb  XL75A Corn t o n  d r y  matter/A 
no (M) 
yes (GM) 

3.65 3.85 4.05 
2.53 2.65 2.63 

3.85 
2.60 

X 3.09 3.25 3.34 

yes (GM) 3.52 3.86 3.80 

TABLE 5. YIELD OF DEKALB BR54 GRAIN SORGHUM PLANTED INTO V A R I O U S  C R O P S  
THAT ARE USED FOR A MULCH (NO-TILLAGE PLUS SUBSOIL) O R  GREEN MANURE I N  
1978 AT THE UNIVERSITY OF FLORIDA. (MULCH, M.  GREEN MANURE,GM.)

- - - N i t r o g e n  # / A  -
T i  l a g e  0 50 100 200 X 

bu/A 
cove r  c r o p  P e n s i c o l d  b a h i a g r a s s  

no (M) 18 32 53 59 73 47 
yes  (GM) 
X 

19 
19 

32 66 67 67 
32 60 63 70 

50 

no (M) I 8  
c o v e r  crop--Wrens Abruzz i  Rye

46 70 83 85 60 
yes  (GM) 
X 

20 
19 

46 57 81 74 
46 64 82 80 

56 

no  (M) 42 
c o v e r  c r o p  F r o s t  L u p i n

62 72 72 70 
- -

64 
yes (GM)-X 

65 
54 

77 86 70 69 
70 79 71 70 

73 

c o v e r  crop - - none,  w i n t e r  f a l l o w  
no 18 50 65 79 86 60 

35 58 68 86 86 
X 27 54 67 83 86 



INSECT RELATIONSHIPS IN NO-TILLAGE CROPPING 


J. N. ALL 


Insect relationships in several types of no-tillage (NT) cropping systems
have been studied in Georgia for the past 5 years. UGA and USDA-SEA 
agronomists and plant pathologists have been involved in this research and 
their cooperation is acknowledged. Cultural practices such as various 
planting dates, irrigation, subsoiling, pesticides (including herbicides,
insecticides, and nematocides), fertilization, etc. were studied in NT 
systems to determine their influence on insect populations. These were 
primarily noncontinuous types of NT systems, and a tillage operation
usually occurred every 1-2 years during a multicrop sequence. Usually the 
NT system was compared directly to a conventional tillage (CT) program that 
differed only in the tillage operation. Research also has been conducted 
t o  determine the causes responsible for the phenomena observed in NT. 

We found that various insects are enhanced, deterred, or not affected in NT 
ecosystems. Over the last 2 years, infestations of the Southern corn bill-
bug, Spenophorus callosus (Oliver), have been much higher in NT than CT in 
early season plantings of corn, Zea mays L. Practices such as irrigation
and subsoiling did not influence infestations in the NT and CT plots, but 
selected insecticides reduced damage in both tillage systems. However, no 
insecticide treatment reduced infestations below economic thresholds in NT. 
It is known that these types of severe infestations often occur in fields 
having nutgrass, Cyperus rotundus L. (this was present in our tests) and 
other weeds, thus growers should be concerned about billbug infestations in 
these type areas when using NT. 

Anotner problem in NT corn is the insect transmitted virus diseases maize 
chlorotic dwarf (MCD) and maize dwarf mosaic (MDM). Epiphytotics of either 
disease often are associated with johnsongrass, Sorghum halepense (L.)(Pers.),
since the virus overwinters in rhizomes of the weed. Even when johnsongrass
is in low levels the diseases can be severe in NT fields because johnsongrass
seedlings are often present at the time NT corn is planted. In NT many 
contact herbicides do not suppress johnsongrass seedlings as well as 
planting time tillage operations and inoculum is available in NT for vector 
transmission even as corn is germinating. We have found that suppression
of johnsongrass with certain systemic herbicides decreases the diseases in 
NT. Also systemic insecticides carbofuran and aldicarb control leafhopper
vectors of MCD and reduce virus transmission in NT. Use of disease 
resistant hybrids is another method that can be used to suppress virus 
damage. However, integrated use o f  all these techniques has proven the 
best procedure for managing virus diseases in NT and can result in 
substantial yield increases. 

J. N. All i s  Associate Professoro f  Entomology, Department o f  Entomology,
University of Georgia, Athens, Georgia. 



We a r e  concerned abou t  i n c r e a s e d  damage i n  NT by c e r t a i n  s t o r e d  g r a i n  
i n s e c t s ,  e s p e c i a l l y  i n  c o r n  p l a n t e d  i n  t h e  s t u b b l e  of s m a l l  g r a i n s .  Sampl ing  
i n d i c a t e s  t h a t  f i e l d  i n f e s t a t i o n s  of sap b e e t l e s  ( N i t i d u l i d a e ) ,  ma ize  w e e v i l  
complex ( S i t o p h i l u s  spp ) ,  and g r a i n  b e e t l e s  ( T e n e b r i o n i d a e )  o c c u r  i n  
unharves ted  sma l l  g r a i n s  (NT r e s i d u e )  and t h e s e  p o p u l a t i o n s  move i n t o  c o r n  
p r i o r  t o  h a r v e s t .  O t h e r  i n s e c t s  t h a t  have h i g h e r  i n f e s t a t i o n s  i n  NT i n c l u d e  
s p i t t l e b u g s ,  Prosapia spp, (nymphal f eed ing  on b r a c e  r o o t s )  and t h e  r i n g -
l egged  ea rw ig ,  E u b o r e l l i a  a n n u l i p e s  (Lucas ) ,  ( i n  h a r v e s t  s t a g e  e a r s  o f  
c o r n ) ,  b u t  damage appears n e g l i g i b l e .  

One of o u r  most  i n t e r e s t i n g  f i n d i n g s  i s  t h a t  i n f e s t a t i o n s  o f  l e s s e r  c o r n-
s t a l k  b o r e r ,  Elasmopalpus l i g n o s e l l u s  ( Z e l l e r )  a r e  c o n s i s t e n t l y  reduced i n  
NT. T h i s  has been observed i n  c o r n ,  sorghum, and soybeans by  us  and o t h e r s .  
Research suggests  t h a t  t h i s  occu rs  p r i m a r i l y  f r o m  d i v e r s e  b e h a v i o r  o f  
l a r v a e  i n  NT as  compared t o  CT r a t h e r  t h a n  a d e t r i m e n t a l  e f f e c t  on i t s  
b i o l o g y .  Seve ra l  t y p e s  of expe r imen ts  a l l  i n d i c a t e  t h a t  l a r v a e  a r e  
f a c u l t a t i v e  p e s t s  i n  NT. They f e e d  on t h e  r e s i d u e s  o f  f o r m e r  c r o p s  and 
d o n ' t  a t t a c k  c o r n  u n l e s s  i t  i s  encoun te red  i n  t h e i r  m i g r a t i o n s .  Thus, NT 
c r o p  r e s i d u e s  a c t  as  a d i l u t i n g  system f o r  l e s s e r  c o r n s t a l k  b o r e r  popu la­
t i o n s  by  p r o v i d i n g  an abundance o f  an a l t e r n a t e  f o o d  sou rce  on wh ich  
l a r v a e  can s u r v i v e .  I n  CT f i e l d s  no f e e d i n g  m a t e r i a l  o t h e r  t h a n  c o r n  i s  
a v a i l a b l e  and l a r v a e  must  f i n d  and a t t a c k  t h e  s e e d l i n g s  o r  t h e y  w i l l  p e r i s h .  

F a l l  armyworm, Spodoptera  f r u g i p e r d a  ( J .  E .  S m i t h ) ,  i n f e s t a t i o n s  o f  l a t e  
p l a n t e d  c o r n  and sorghum a r e  reduced i n  NT as compared t o  CT. T h i s  o c c u r s  
o n l y  f o r  a s h o r t  p e r i o d  when s e e d l i n g s  have n o t  y e t  grown above t h e  NT 
r e s i d u e s .  Research i n d i c a t e s  t h a t  two f a c t o r s  a r e  i n v o l v e d  (1) reduced 
o v i p o s i t i o n  by  f a l l  armyworm moths i n  NT and ( 2 )  i n c r e a s e d  p r e d a t i o n  o f  
young f a l l  armyworm l a r v a e  i n  NT. However, t h e  i n f e s t a t i o n s  g r e a t l y  
i n c r e a s e  as  s e e d l i n g s  grow above NT r e s i d u e s  and damage u l t i m a t e l y  becomes 
n e a r l y  as g r e a t  as i n  CT when f a l l  armyworm p o p u l a t i o n s  a r e  h i g h .  

T h i s  s h o r t  l a g  i n  p o p u l a t i o n  b u i l d u p  by  f a l l  armyworm i n  NT corn /sorghum 
may have p r a c t i c a l  impor tance  f o r  control l ing i n f e s t a t i o n s .  We c u r r e n t l y  
a r e  i n v e s t i g a t i n g  i n s e c t i c i d e  s t r a t e g i e s  t h a t  u t i l i z e  reduced s p r a y  
schedu les  and r a t e s  i n  NT i n  o r d e r  t o  de e l o p  more e c o n o m i c a l l y  e f f i c i e n t  
management systems f o r  f a l l  armyworm i n  l a t e  p l a n t e d  c r o p s .  

Most  i n s e c t s  t h a t  a t t a c k  o l d e r  c o r n  have s i m i l a r  p o p u l a t i o n s  i n  NT as  i n  CT. 
T h i s  i n c l u d e s  s t a l k  b o r e r s  European c o r n  b o r e r ,  O s t r i n i a  n u b i l a l i s  (Hubner ) ,  
and t h e  Southwestern  c o r n  b o r e r ,  D i a t r a e a  grandiosella (Dyar). We have 
n o t e d  no s i g n i f i c a n t  d i f f e r e n c e s  between NT and CT i n  t h e  number p l a n t s  
a t t a c k e d  o r  l o d g i n g  by  e i t h e r  i n s e c t  i n  s e v e r a l  t e s t s  conduc ted  o v e r  t h e  
p a s t  4 y e a r s .  Ear  damage by  t h e  c o r n  earworm, H e l i o t h i s  zea ( B o d d i e ) ,  f a l l  
armyworm, and European c o r n  b o r e r  i n  NT has a l s o  been s i m i l a r  t o  CT. 

We have been s t u d y i n g  t h e  i n f l u e n c e  o f  NT on b e n e f i c i a l  i n s e c t  p o p u l a t i o n s  
i n c l u d i n g  p r e d a t o r s  such as  ground b e e t l e s  (Carab idae )  , t i g e r  b e e t l e s  
( C i n c i n d e l  i d a e ) ,  and o t h e r s .  These b i o l o g i c a l  c o n t r o l  agen ts  a r e  i m p o r t a n t  
r e g u l a t o r s  o f  p e s t  i n s e c t s  and o u r  samp l i ng  i n d i c a t e s  t h a t  t h e i r  p o p u l a t i o n s  
o f t e n  a r e  s e v e r a l  f o l d  h i g h e r  i n  NT t h a n  CT. A m a j o r  o b j e c t i v e  o f  most  
p e s t  management systems i n  a g r i c u l t u r e  is t o  d e v e l o p  ways t o  enhance 
a c t i v i t i e s  o f  b i o l o g i c a l  c o n t r o l  agen ts  and o u r  r e s u l t s  i n d i c a t e  t h a t  NT 
promotes development o f  f a v o r a b l e  env i ronmen ts  f o r  many p r e d a t o r y  i n s e c t s .  
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Observations indicate that higher predator populations in NT reduce fall 

armyworm levels on young corn and we are currently investigating this on 

other pests also. 


Our research to date emphasizes the fact that insect relationships in NT 
cropping systems often differ from CT and that each species must be studied 
individually in order to develop a collective conclusion on overall pest
potential in NT. In general, noncontinuous 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 CT systems planted at the same 
time. However, our research indicates that insect pest management will be 
a primary concern in multicrop NT systems where crops are planted later than 
normal. 

Pest management in NT must be based on sound knowledge of pest bionomics in 

NT ecosystems. Direct control methods should be used only when necessary

and be precluded by use of cropping practices in NT that, if are not 
detrimental to pests, are at least not conducive t o  population buildups.
Use of NT practices that enhance biological control factors should be 

encouraged. When direct suppression of pests is necessary, the control 

strategies should be founded on an understanding of (1) effective techniques

for pest suppression and their costs, (2) rapid sampling procedures that 

accurately define current pest levels, (3) damage potential and economic 
impact of specified pest levels, and (4) impact of pest control methods on 
biological control agents and other factors in NT ecosystems. With this 
knowledge, action thresholds can be defined for specified pest populations

and the most effective and efficient control methodology recommended. 




CONSERVATION TILLAGE SYSTEMS AND THEIR CONTROL OF WATER EROSION 
IN THE SOUTHERN PIEDMONT' 

G .  W .  Langdale, A .  P .  Barnett ,  and J .  E .  BOX, J r . 2 

INTRODUCTION 

Soi l  erosion has been considered a ser ious  hazard t o  row crop production 
on sloping cu l t iva ted  Piedmont lands s ince  the  ea r ly  1930's.  Soil erosion 
induced by conventional t i l l a g e  causes s o i l  management problems. I n  the  
1940's Adams (1 )  observed y i e l d  reduction of 34 t o  40% f o r  row crops
(cotton and corn) on Southern Piedmont s o i l s  (Capabil i ty Class IV land)
where the  top 15 cm (6  inches) had been eroded by water. Langdale e t  al. 
(5)  recent ly  observed a s i m i l a r  40% corn y i e l d  reduction, even though
modern f e r t i l i z e r s  , herbicides , and improved v a r i e t i e s  have increased 
corn y ie lds  more than 100% in the past  30 years .  

Sediment from s o i l  erosion has recently been iden t i f i ed  as our most 
ser ious  pol lu tant  ( 8 ) ,  and i t  serves as a c a r r i e r  of agrichemicals. In 
the Southern Piedmont the  source of most farm-transported sediment i s  
conventionally t i l l e d ,  row cropped land ( 3 ) .  Barnett and Hendrickson ( 2 )
demonstrated the hazards of continuous t i l l i n g  cotton f o r  20 years .  Their 
annual s o i l  losses  from runoff p lo ts  ranged from 11 t o  119 metric tons/ha
( 5  t o  53 tons/acre)  on Capability Class I I I  land. They concluded t h a t  
summer thunderstorms account f o r  25% of the  annual r a i n f a l l  and cause 56% 
of the  annual runoff as well as  86%of the  annual s o i l  loss. Wil l i s  and 
Evans (13) estimated a current  monetary value of $59.00/ha ($24.00/acre)
f o r  the major nut r ients  ( N ,  P ,  and K) contained i n  the  general ly accepted
natural s o i l  loss  of 11.2 metric tons/ha/yr (5.0 tons /acre /yr) .  

T h i s  paper describes the e f f e c t s  of recent  conservation t i l l a g e  procedures 
on runoff and sediment t r anspor t  from r a i n f a l l  simulator p lo ts  and small 
upland watersheds a t  the Southern Piedmont Conservation Research Center. 
Both p lots  and watersheds were located primari ly on eroded Cecil sandy loam 
s o i l  ( T y p i c  Hapludults) w i t h  slopes ranging from 3 t o  7% ( 9 ) .  Ti l lage  and 
cropping sequences used on these  research si tes a r e  given in  Table 1 .  
Summer annuals, e i t h e r  soybeans (Glycine max L .  Merr.) o r  grain sorghum
(Sorghum vulgare Pers.)  followed small grain-barley (Hordeum vulgare L . )  
o r  rye (Secale cereale L . ) ,  which provided a mulch upon harvest .  

C o n t r i b u t i o n  from Southern Piedmont Conservation Research Center,
Watkinsvil l e ,  GA 30677, Agricultural Research, Science and Education 
Administration, U .  S .  Department of Agriculture,  i n  cooperation w i t h  
t he  University of Georgia Experiment S ta t ion .  

Soil S c i e n t i s t ,  Agricultural  Engineer, and Soil S c i e n t i s t ,  respect ively ,  
U.  S .  Department of Agriculture,  Watkinsville,  GA 30677. 



Table 1 .  	 Ti l l age  treatments,  cropping sequence, s lope ,  ana crop 
row or ien ta t ion  on r a i n f a l l  s imulator  p lo t s  and watersheds. 

T i  11age* Crop Sequence Slope Row Orientat ion 

Rainfal l  Simulator Plots  

CT/NT Comb. Rye/Soybean 6 Contour 
CT/NT plus Grazed + Comb. Rye/Soybean 6 Slope 

Conservation Watershed (Terraced) 

CT/CT Plowed down Rye/Soybean 1 - 3 Contour 
NT/ NT Combined Barley/Grain Sorghum 1 - 3 Contour 

Nonconservation Watershed (Nonterraced) 

CT Fa1 low/Soybean 2 - 7 Contour 
NT/NT Comb. Barley/Grain Sorghum 2 - 7 Slope 

* CT = conventional t i l l ;  NT = n o - t i l l ;  NT plus = n o- t i l l  p lus .  

Rainfall Simulator Plots  

All r a i n f a l l  s imulator  tests (7)  were performed on 6% slopes w i t h  an average 
K value of 0.25. Simulated r a i n f a l l  was applied i n  12.7-cm increments a t  a 
constant  r a t e  o f  6.4 cm/hour (erosion index, EI, = 174 metric tons-m/ha).
Unless otherwise spec i f i ed ,  t o t a l  rye residues averaged approximately 2.5 
metric tons/ha w i t h  p l o t  lengths of 10.7 m .  The standard 6-cm f l u t e d  
c o u l t e r  ( n o - t i l l )  and n o- t i l l  plus (10,  l l ) ,  as well a s  conventional t i l l a g e  
treatments,  were imposed’on p l o t s .  The no- t i l l  plus implement u t i l i z e s  a 
spring- loaded f l u t e d  c o u l t e r ,  a 5.0-cm wide c h i s e l ,  and a s l o t  f i l l e r  t i n e  
(10,  11) .  This reduced t i l l a g e  treatment was in-row chise led  20 cm deep. 

Conservation Watershed 

One Southern Piedmont Conservation Research Center watershed i s  located on 
3.0% sloping land with pa ra l l e l  t e r races  (25.6 m apa r t )  and bisect ing grass 
waterways b e h i n d  flumes (12).  This watershed was 1.26 ha in  s i z e  and 
refer red  t o  as P-3. Three consecutive years of convent ional ly- t i l led  soy-
beans w i t h  fa l l- planted rye (green manur ing)  were grown (October 1972 t o  
October 1975) on this watershed (Table 1 ) .  Three consecutive years
(October 1975 t o  October 1978) of continuous double crop no- t i l l ing  of 
barley and grain sorghum followed. 
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Nonconservation Watershed 

Another Southern Piedmont Conservation Research Center watershed, P-1 , i s  
located on 2.0 t o  7.0% sloping land without t e r races  o r  grass waterways ( 6 ) .
This 2.71-ha watershed was planted t o  soybeans us ing  conventional t i l l a g e
methods f o r  two consecutive years .  The watershed was fallowed between 
November and April each year .  Rows were oriented approximately pa ra l l e l  t o  
ground contours. Af ter  harvesting the  second soybean crop,  a 0.28-ha 
grassed waterway 11 m wide was es tabl ished before n o- t i l l  double cropping
barley and g r a i n  sorghum continuously f o r  two consecutive years .  Rows of 
both of these  crops were oriented up- and downhill t o  permit herbicide 
appl ica t ion pa ra l l e l  t o  the  grass waterway. 

DISCUSSION 

Rainfall Simulator Plots  

Cumulative runoff response t o  t i l l a g e  d u r i n g  low antecedent s o i l  moisture 
i s  presented i n  Fig .  1 .  Excessive runoff (72%) associated with the t i l l e d -
fallow p lo t s  shows how vulnerable clean t i l l  s o i l  i s  t o  natural  high- intensi ty 
storms ( 2 ) .  W i t h  crop residue mulch (standing rye stubble plus combine resi­
dues) n o- t i l l  prac t ices  created surface  conditions t h a t  reduced runoff volume 
(56%).  The combined e f f e c t  of chiseling 20 cm deep ( n o- t i l l  p lus)  and a rye
residue mulch almost eliminated runoff (5%) when antecedent s o i l  moisture was 
low. However, runoff data in Fig. 2 and Table 2 suggest t h a t  "in-row ch i se l­
i n g " associated w i t h  the no- t i l l  plus treatment diminishes i n  importance as 
s o i l  water,  slope length ,  and soybean canopy increase.  Slope l e n g t h  i s  
probably the  most important parameter, because the  chances a re  remote f o r  
h igh- intens i ty  rainstorms occurring when antecedent s o i l  moisture i s  h i g h
a f t e r  soybean canopy development i n  double crop systems ( 6 ) .  For the  n o- t i l l  
plus treatment in-row chise l ing d i d  not a f f e c t  runoff a f t e r  canopy develop­
ment under h i g h  antecedent s o i l  moisture and rye residues.  The i n t e r a c t i v e  
e f f e c t s  of rye residue quant i ty  and soybean canopy development d i d  not appear 
t o  a l t e r  runoff values f o r  n o- t i l l  treatment (Table 3 ) .  

Table 2. 	 Runoff and sediment losses from r a i n f a l l  simulator p lo ts
planted t o  soybeans w i t h  the  no- t i l l  p l u s *  system and from 
t i l l e d  fallow a t  low and h i g h  antecedent s o i l  moisture. 

S1ope Rye Stubble T i l l ed  
Length,  m Low** Hi gh Low High 

Runoff, % 

10.7 4 . 2  36.7 19.2 62.0 71.5 87.5 
21.4 12.9 67.4 43.8 80.8 85.0 91.8 

Sediment, metric tons/ha 
10.7 0.05 0.40 0.09 0.22 36.3 39.2 
21.4 0.29 0.72 0.11 0.18 50.1 39.4 

* The n o- t i l l  plus treatment u t i l i z e d  a f lu ted  c o u l t e r  and in-row 
chise l ing (20 cm deep on Cecil s c l  s o i l  w i t h  6.0% s lope . )

** Antecedent s o i l  moisture was considered low during i n i t i a l  r a i n f a l l  
s imulator  runs, which began a t  average s o i l  moisture. Antecedent 
s o i l  moisture was considered h i g h  during the  second runs made within 
24 hours on wet s o i l .  
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Table 3.  	 Runoff and sediment losses from low antecedent s o i l  
moisture p lo t s  planted t o  soybeans w i t h  the  no- t i l l  
system i n  varying q u a n t i t i e s  of rye mulch. 

Canopy Rye Residue, metric tons/ha 

2.46** 3.02 3.58 4.70 

Runoff, % 

Rye Stubble 
Hal f-Canopy
F u l  1-Canopy 

57.1 57.6 57.6 
57.7 58.6 59.7 
58.2 52.2 56.6 

54.2 
51.4 
58.1 

Sediment, metric tons/ha 
Rye Stubble 
Hal f-Canopy
Full -Canopy 

0.11 0.09 0.07 
0.11 0.09 0.09 
0.05 0.07 0.05 

0.07 
0.09 
0.09 

* 	 The n o- t i l l  treatment u t i l i z e d  a 6-cm f l u t e d  c o u l t e r  without 
addit ional  t i l lage.

** Standing rye stubble only. 

Both of the reduced t i l l a g e  treatments provided adequate s o i l  erosion control 
f o r  soybean production on Southern Piedmont s o i l s  (Fig.  3, Tables 2 and 3 ) .
Rows may even be or iented  up- and downhill on slopes of <6% and s lope  lengths
<20 m. Harrold and Edwards (4)  e f f e c t i v e l y  control led  soil erosion during 
a 100-year frequency storm on a 21% sloping watershed w i t h  no- t i l l  corn. 
The sediment loss  (-40 metric tons/ha) associa ted  w i t h  the  t i l l ed- fa l low 
treatment i n  Fig. 3 approximates the  average annual sediment values of 
Southern Piedmont watersheds w i t h  s i m i l a r  s lopes ( 6 ) .  Since the  simulated 
r a i n f a l l  represented approximately one-thi r d  of the annual r a i n f a l l  energy,
this shows t h e  obvious importance of residue mulches f o r  control l ing  erosion.  
Although sediment y i e l d  values reported f o r  the n o- t i l l  treatment a r e  small 
(Table 3 ) ,  d i f ferences  associa ted  w i t h  rye residue quant i ty  and soybean 
canopy a r e  l a rge  enough t o  change C-values ( F i g .  4 )  of the  universal s o i l -
loss equation (14) .  

Conservation Watershed 

Hydrologic data representing the  conservation watershed a r e  presented i n  
Table 4 and F i g .  5. We concluded that tillage and residue management provided
the only rea l  d i f ference  i n  runoff and s o i l  erosion.  Although runoff (12%)
and s o i l  erosion (2.8 metric tons/ha/yr)  were control led  w i t h i n  respectable
limits d u r i n g  the  t i l l a g e  period w i t h  conservation p rac t i ces ,  no- t i l lage
double crop management reduced r u n o f f  and erosion s l i g h t l y  more than 50 and 
90% respect ively .  Even on a per  u n i t  erosion index ( E I ) ,  the  s o i l  erosion 
reduction i s  s t i l l  near 90%. Average annual r a i n f a l l  was not highly d i f f e r e n t  
(123.3 vs 118.5 cm) between t i l l a g e  periods. Dur ing  the no- t i l l  period,
approximately 80% of the runoff occurred d u r i n g  seasons 3 and 4 (Table 4 ) .
This was a period of m i n i m u m  ground cover a t  the p r e - t i l l e r  small grain s t age .  
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Table 4. 	 Hydrologic parameters associated w i t h  t i l l a g e  on a 
conservation watershed. 

Erosion Runoff 
Season* Rai nfal 1 Index Events Runoff Sediment 

1 (May-Jul)
2 (Aug-Oct)
3 (Nov-Jan)
4 (Feb-Apr) 
Avg. Annual 

Mean 

1 (May-Jul)
2 (Aug-Oct)
3 (Nov-Jan)
4 (Feb-Apr) 
Avg. Annual 

Mean 

cm metri c tons-m/ ha no. cm metric tons/ha 

T i  1lage Period 

33.6 289 4 4.2 2.06 
21.7 107 2 1 .3  0.25 
30.3 142 4 2.8 0.11 
37.7 201 5 6.4 0.39 

123.3 739 15 14.7 2.81 

No-Ti 11 Period 

30.4 122 1 0.5 0.02 
30.1 188 3 0 .8  0.01 
34.0 105 5 3.3 0.11 
24.0 62 1 1.7 0.05 

118.5 477 10 6.3 0.19 

Most of the  runoff d u r i n g  the t i l l a g e  period occurred d u r i n g  seasons 1 and 4. 
However, s l i g h t l y  more than 70% of a l l  s o i l  erosion occurred d u r i n g  season 1 
of the t i l l a g e  period (Table 4 ) .  Sediment y i e l d  data i s  expressed on a 
monthly basis i n  F ig .  5 t o  emphasize the erosion hazard d u r i n g  season 1 w i t h  
conventional t i l l a g e  pract ices .  

Nonconservation Watershed 

Hydrologic data a re  given in Table 5.  Except f o r  extremes d u r i n g  the  t i l l a g e
period, data trends were s imi la r  t o  those of the  conservation watershed. 
During the t i l l a g e  period, s o i l  erosion was a d i s a s t e r  (22 .2  metric tons/ha).
Cumulative monthly sediment y ie lds  a r e  given i n  F i g .  6 t o  show how c lose ly
h i g h  energy r a i n f a l l  coincides w i t h  s ing le  cropped, conventional t i l l e d  
soybeans. Sixty percent of the  annual runoff and 85% of the s o i l  erosion 
occurred d u r i n g  t h i s  season. D u r i n g  the no- t i l l age  period, s imi la r  percentages
of a l l  runoff and s o i l  erosion occurred i n  season 4.  Flume-measured runoff 
and sediment were reduced 2.5- and 194-fold by continuous no- t i l l ing .  These 
wide di f ferences  c l e a r l y  suggested t h a t  n o- t i l l  systems may be used i n  the  
Southern Piedmont with s t r a t e g i c a l l y  located grass waterways t o  minimize 
runoff and sediment t r anspor t  on slopes up t o  7%. Results d u r i n g  the t i l l a g e
period on this watershed were analogous t o  those observed on most current  
convent ional ly- t i l led  farms i n  the Southern Piedmont. 
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Table 5. 	 Hydrologic parameters associated w i t h  conventional and 
no- t i l l  nonconservation watersheds. 

Erosion Runoff 
Season Rainfall Index Events Runoff Sed i men t 

cm metric tons-m/ha no. cm metric tons/ha 

1 (May-Jul) 38.1 389 
2 (Aug-Oct) 20.2 115 
3 (Nov-Jan) 37.0 115 
4 (Feb-Apr) 32.3 138 
Avg. Annual 

Mean 127.6 757 

(May-Jul ) 32.5 262 
(Aug-Oct) 20.5 119 
(Nov-Jan) 27.3 63 
( Feb-Apr) 43.5 172 

Avg. Annual 
Mean 123.8 616 

T i  11age Period 

10 13.3 22.22 
4 2.3 0.86 
6 2 .o 0.51 
6 4.5 2.67 

26 22.1 26.26 

No-Ti 11 Period 

3 1 . 5  0.02 
2 0.1 0.01 
3 0.5 0.01 
8 6.6 0.10 

16 8.7 0.14 

CONCLUSIONS 

Reduced t i l l a g e  i s  e s sen t i a l  f o r  e f f e c t i v e  control  of runoff and s o i l  
erosion during h i g h  energy r a i n f a l l  probabi l i ty  months (May - Ju ly )  on 
>3.0% sloping row crop land i n  the  Southern Piedmont. All o f  the reduced 
t i l l a g e  procedures used adequately control led  s o i l  erosion from r a i n f a l l  
s imulator  p lo t s  and watersheds. The n o- t i l l  plus treatment reduced runoff 
t o  20% (average f o r  low and high antecedent s o i l  moisture r a i n f a l l  s imulator  
runs on 10.7-m slope lengths)  which i s  a precedent i n  conservation t i l l a g e .
I n  double cropped-reduced t i l l a g e  systems, s lope length was extremely
important,  whereas average percent slope and crop canopy o r  residue quant i ty  
were only mildly important i n  runoff control .  I f  continuous reduced t i l l a g e  
systems a r e  used, crop rows may be or iented  up- and downhill w i t h  an occa­
s ional  properly- located grass waterway. 
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PHYSICAL CONDITIONS OF S O I L  AFFECTING NO-TILIAGE TECHNIQUES 

ALBERT C .  TROUSE, JR,  

F i e l d s  have been t i l l e d  t o  bu ry  s u r f a c e  d e b r i s  f o r  many g e n e r a t i o n s ,  
and  t h e y  have been overworked i n  o r d e r  to l e a v e  a c o v e r i n g  of smooth, 
p u l v e r i z e d  soil. Although t h e s e  f i e l d s  may present a n  a t t r a c t i v e  appea r­
a n c e ,  t h e  s o i l  i s  exposed  t o  t h e  f o r c e s  of  w i n d  and w a t e r  w i t h  p o t e n t i a l l y  
d e v a s t a t i n g  e f f e c t s ,  To r educe  t h e  damage, as w e l l  a s  t o  keep  c o s t s  down, 
f i e l d s  toddy shou ld  be t i l l e d  o n l y  to reclaim t h e  u n d e s i r a b l e  f e a t u r e s  i n  
a s o i l  p r o f i l e .  I f  s o i l s  need t i l l a g e ,  t h e y  shou ld  h e  t i l l e d  no d e e p e r  
t h a n  n e c e s s a r y  f o r  r e c l a m a t i o n  o f  a l l  b a r r i r r s  t o  a s s u r e  deep  a i r ,  w a t e r ,  
and r o o t  p e r m e a b i l i t y .  I n d i s c r i m i n a n t  t i l l a g e  not  o n l y  wastes f u e l ,  money, 
and t i m e ,  bu t  l e a v e s  t h e  s o i l  v u l n e r a b l e  t o  s e r i o u s  recompact ion .  The 
f i r s t  p a s s  of  a wheel  o v e r  w e l l - t i l l e d  s o i l  s e r i o u s l y  a f f e c t s  r o o t  and 
water p e r m e a b i l i t y  so t h a t  by t h e  t i m e  a f i e l d  h a s  been t r a f f i c k e d  i n  
many l o c a t i o n s  t o  a p p l y  all needed c u l t u r a l  o p e r a t i o n s ,  a g r e a t  p o r t i o n  
o f  t h e  f i e l d  h a s  become a poor medium f o r  m o i s t u r e  c a p t u r e  and r o o t  
development.  

C o n s e r v a t i o n  t i l l a g e  and r e l a t e d  p r a c t i c e s  have been s u g g e s t e d  t o  con-
s e r v e  moisture. and r e d u c e  e r o s i o n .  But f a r m e r s  w i l l  o n l y  adop t  t h o s e  
c o n s e r v a t i o n  methods t h a t  a l l o w  them t o  produce  a c r o p  p r o f i t a b l y .  No-
t i l l a g e  farming, which  became f e a s i b l e  with t h e  adven t  o f  c h e m i c a l s  t o  
c o n t r o l  weeds,  is one  of  t h e  p r i n c i p l e  ways t o  c o n s e r v e  s o i l  w h i l e  
u t i l i z i n g  t h e  l a n d .  More water can  be abso rbed  where t h e  r a i n  d r o p s  
f a l l  when a mulch i s  l e f t  o n  t h e  s o i l  s u r f a c e .  T h i s  l e a v e s  less  water 
t o  wash r i l l s  t h a t  j o i n  t o  accumula t e  e r o s i v e  volumes of  r u n o f f  c a p a b l e  
o f  c a r r y i n g  away t o n s  of  t o p s o i l .  We a re  now becoming aware o f  t h e  
e x p e n s i v e  and w a s t e f u l  p r o p o r t i o n  o f  t h e  a p p l i e d  f e r t i l i z e r s  and t h e  
amount of p r o t e c t i v e  c h e m i c a l s  t h a t  a r e  c a r r i e d  o f f  t h e  f a rm i n  t h i s  
r u n o f f .  A t  t h e  same t i m e ,  w e  a r e  more aware of  t h e  sed imen t ,  p l a n t  
n u t r i e n t s ,  and c h e m i c a l  p e s t i c i d e s  c a r r i e d  t o  o u r  s t r e a m s  and lakes  
and t h e  e f f e c t  t h e y  have  on t h e  q u a l i t y  o f  o u r  water. 

I f  n o - t i l l  f a rming  i s  a s i m p l e  and s u r e  answer t o  s o i l  and water c o n s e r­
v a t i o n ,  why h a s  i t  n o t  become more r e a d i l y  a c c e p t e d ?  I n i t i a l  f a i l u r e s  
and  t h e r e  have  been many--have d i s c o u r a g e d  some f a r m e r s ,  b u t  f a i l u r e s  do 
n o t  mean t h a t  t h e  sys t em w i l l  n o t  work. More o f t e n  f a r m e r s  have  n o t  
s u f f i c i e n t l y  m a s t e r e d  t h e  new s k i l l s  and t e c h n i q u e s  n e c e s s a r y  f o r  no-
till f a r m i n g  to be s u c c e s s f u l .  J u s t  as farmers have  to  d e v e l o p  s k i l l s  
u s i n g  t h e  f a m i l i a r  t o o l s  f o r  s u c c e s s  w i t h  c o n v e n t i o n a l  f a r m i n g ,  s o  must  
t h e y  master t h e  new no-till f a r m i n g  t o o l s  and t e c h n i q u e s ,  

Fo r  n o - t i l l  f a rming  t o  be a c c e p t a b l e  s p e c i a l  c h e m i c a l s  and d i f f e r e n t  
implements  had t o  be d e v i s e d .  Some have  been  a v a i l a b l e  t o  t h e  American 
f a r m e r  f o r  s e v e r a l  d e c a d e s ,  and ,  a s  i n t e r e s t  i n  n o - t i l l a g e  p r a c t i c e s  h a s  
expanded,  b e t t e r  c h e m i c a l s  and improved n o - t i l l  implements  are  r a p i d l y  

- S o i l  S c i e n t i s t ,  N a t i o n a l  T i l l a g e  Machinery L a b o r a t o r y ,  A g r i c u l t u r a l  
Resea rch ,  S c i e n c e  and E d u c a t i o n  A d m i n i s t r a t i o n ,  U.S. Department  of  
A g r i c u l t u r e ,  Auburn, AL 



b e i n g  i n t r o d u c e d .  However, t o  keep  up w i t h  advancements ,  a de te rmined  
f a rmer  must make t i m e  t o  a c q u i r e  s p e c i a l  knowledge t o  know which chemi­
c a l s  and implements a r e  needed f o r  h i s  s p e c i f i c  s e t  of c o n d i t i o n s ,  and 
how and where and when t o  a p p l y  them. And, a l t h o u g h  f a r m e r s  s k i l l e d  
i n  t h e  use of  c h e m i c a l s  c a n  c o n t r o l  most weeds w i t h o u t  t i l l a g e ,  l i m i t e d  
s h a l l o w  c u l t i v a t i o n s  may s t i l l  be  n e c e s s a r y  t o  c o n t r o l  c e r t a i n  u n d e s i r a b l e  
p l a n t  c o m p e t i t i o n .  However, new t e c h n o l o g y  is needed f o r  c u l t i v a t i n g  
no-tillage crops if a residue cover is to remain effective. 

Farmers i n t e r e s t e d  i n  making n o - t i l l  f a rming  work may have  d i f f i c u l t y  
d e v e l o p i n g  c e r t a i n  needed c r o p  r o t a t i o n s  i n t o  a n o - t i l l  sys tem.  They 
m a y  have  c r o p  r e s i d u e  problems c a p a b l e  o f  i n t e r f e r i n g  w i t h  p l a n t i n g  o r  
of  d e l a y i n g  t h e  warming o f  s o i l  i n  t h e  s p r i n g .  I n v a r i a b l y  t h e y  w i l l  
e n c o u n t e r  o b s t a c l e s  i n  c o n t r o l l i n g  c e r t a i n  weed s p e c i e s .  R e s o l u t i o n s  
t o  t h e s e  problems a r e  needed i f  f a r m e r s  a r e  t o  be  s u c c e s s f u l .  They 
must become p i o n e e r s ,  d i s c o v e r i n g  s o l u t i o n s  t o  t h e i r  problems j u s t  as 
t h e i r  p r e d e c e s s o r s  d i d  when t h e y  c l e a r e d  o u r  n a t i o n  u s i n g  t h e  o n l y  
t o o l s  and t e c h n i q u e s  a v a i l a b l e  t o  them. 

S o i l  s u r f a c e s  must remain  permeable  t o  r a i n s  i n  o r d e r  t o  c a p t u r e  and s t o r e  
more m o i s t u r e  f o r  p r o f i t a h l e  use .  S t a n d i n g  s t u b b l e ,  when k i l l e d  w i t h  
c h e m i c a l s ,  c a n  c o n s e r v e  m o i s t u r e ,  r e d u c e  e r o s i o n ,  and i n c r e a s e  y i e l d s  i n  
f a l l o w  farmed s e c t i o n s  of  t h e  c o u n t r y  (Good and Smika, 1 9 7 8 ) .  However, i n  
a d d i t i o n  t o  a good s u r f a c e  s o i l  c o n d i t i o n ,  f a r m e r s  must a l s o  r e c o g n i z e  t h e  
s i g n i f i c a n c e  of  a good r o o t h e d .  A f t e r  a l l ,  a seedhed i s  needed f o r  o n l y  a 
few d a y s ,  whereas  a good r o o t b e d  i s  r e q u i r e d  f o r  t h e  l i f e  of  t h e  c r o p .  
Al though good weed c o n t r o l  i s  i m p e r a t i v e ,  n o - t i l l a g e  f a rming  c a n  f a i l  
u n l e s s  p r o p e r  a t t e n t i o n  is focused  on a l l  c o n d i t i o n s  of  t h e  e n t i r e  
s o i l  p r o f i l e .  

I n  t h i s  pape r  t h e  p h y s i c a l  p r o p e r t i e s  of  s o i l  w i l l  h e  d i s c u s s e d  as t h e y  
a f f e c t  n o - t i l l a g e  f a r m i n g .  Three  t y p e s  of n o - t i l l a g e  f a rming  w i l l  b e  
c o n s i d e r e d  t o  p o i n t  o u t  t h e i r  u s e  as r e l a t e d  t o  t h e  s o i l  c o n d i t i o n :  
(A) S t a n d a r d  n o - t i l l a g e ,  where a s p e c i a l  p l a n t e r  i n s e r t s  t h e  s e e d  i n t o  
a s p a r s e l y  p r e p a r e d  seedbed ;  ( B )  N o- t i l l a g e- p l u s ,  where s e e d s  are p l a n t e d  
o v e r  an access way t h r o u g h  a s o i l  h o r i z o n  i n  poor  p h y s i c a l  c o n d i t i o n ;  and 
( C )  N o- t i l l a g e- - n o- t r a f f i c  f a r m i n g ,  a new c o n c e p t  where a l l  o p e r a t i o n s ,  
from p r e p l a n t i n g  t h r o u g h  p o s t h a r v e s t i n g ,  are done on  w i d e l y  s e p a r a t e d  
wheelways. 

N o- t i l l a g e- p l u s  c a n n o t ,  i n  t h e  s t r i c t es t  s e n s e ,  b e  c a l l e d  " n o- t i l l a g e  
farming." To t h e  p u r i s t ,  however, even t h e  s t a n d a r d  n o - t i l l  p l a n t e r  i s  
accused  of  " t i l l i n g " a seedbed.  However, n e i t h e r  sys t em e x p o s e s  t h e  
l a n d  t o  m o i s t u r e  l o s s e s  o r  wind and water e r o s i o n  p r i o r  t o  p l a n t i n g  
o r  d u r i n g  e a r l y  crop- growth s t a g e .  On the other hand, no-tillage--no­
t r a f f i c  f a rming  u s u a l l y  r e q u i r e s  a d r a s t i c  t i l l a g e  t o  remove a l l  e x i s t i n g  
h a r r i e r s  t o  water ,  a i r ,  and r o o t  movement b e f o r e  its e s t a b l i s h m e n t ;  b u t ,  
a f t e r  b e i n g  e s t a b l i s h e d ,  i t  becomes t y p i c a l  of t h e  s t a n d a r d  n o - t i l l  
sys tem.  
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A .  S t a n d a r d  No-Tillage Farming 

A s  w e l l  a s  r e d u c i n g  r u n o f f  and e r o s i o n ,  n o - t i l l a g e  f a r m i n g  c a n  reduce 
t h e  t i m e ,  e f f o r t ,  and c o s t  of p r e p a r i n g  a f i e l d  f o r  p l a n t i n g ,  Of t en  t h i s  
t r a n s l a t e s  i n t o  t h e  p o s s i b i l i t i e s  o f  m u l t i p l e  c r o p p i n g  which can  i n c r e a s e  
t h e  p r o d u c t i o n  c a p a h i l i t  ies of eve ry  a c r e .  P h i l l i p s  and Young (1973) 
have  d i s c u s s e d  t h e  many a d v a n t a g e s  to be  ga ined  from n o - t i l l a g e  f a r m i n g ,  
La1 (1976) and Smith and L i l l a r d  (1976) have  demons t r a t ed  t h a t  no-
t i l l a g e  f a rming  Substantially i n c r e a s e d  t h e  p roduc t  i o n  of  each  c r o p  grown 
o v e r  t h a t  o b t a i n e d  w i t h  c o n v e n t i o n a l  t i l l a g e - o r i e n t e d  f a rming .  

However, p r o d u c t i o n  from e a c h  n o - t i l l a g e  c r o p  i s  i n c r e a s e d  o n l y  when t h e  
s o i l s  farmed are a l r e a d y  i n  a good p h y s i c a l  c o n d i t i o n .  I n i t i a l l y ,  soils 
must  be w i t h o u t  barriers to r o o t  and water movement and must n o t  be com­
p a c t e d  d u r i n g  c r o p  p r o d u c t i o n .  Well- aggregated so i l s  w i t h  a s t a b l e  f a b r i c  
s t r e n g t h  c a p a b l e  o f  s u p p o r t i n g  t h e  c u l t u r a l  equipment used to  produce  t h e  
c r o p  c a n  w i t h s t a n d  t r a f f i c k i n g .  S o i l s  w i t h  s u c h  p h y s i c a l  c h a r a c t e r i s t i c s  
a r e  found o n l y  i n  n e a r - v i r g i n  a r e a s  o r  i n  well-managed, e s t a b l i s h e d  pas­
tu res .  U n f o r t u n a t e l y ,  most of o u r  h e a v i l y  farmed f i e l d s  l o s t  t h e s e  a t t r i ­
b u t e s  y e a r s  ago ,  and we have  t o o  few a c r e s  t oday  t h a t  are w e l l - s u i t e d  t o  
s t a n d a r d  no-till a g e  t e c h n i q u e s .  

Fo r  t h e  n o - t i l l a g e  method of  f a rming  t o  be  s u c c e s s f u l ,  t h e  f a rmer  must 
o b t a i n  a c r o p  s t a n d  u s i n g  newly d e s i g n e d  p l a n t e r s .  These p l a n t e r s  are 
s p e c i f i c a l l y  d e s i g n e d  to  p l a c e  s e e d s  i n t o  s o i l  n o t  p r e v i o u s l y  p r e p a r e d  
f o r  t h e i r  e n t r y  by  c u t t i n g  t h r o u g h  t h e  s u r f a c e  r e s i d u e  and l o o s e n i n g  
a s h a l l o w ,  na r row seedbed.  Where and when s o i l  c o n d i t i o n s  a r e  i n a d e q u a t e  
f o r  deep ,  r a p i d  m o i s t u r e  p e r c o l a t i o n  and r o o t  p e n e t r a t i o n ,  t h i s  method 
f a i l s  because  a s u i t a b l e  r o o t b e d  h a s  not  been  p r o v i d e d .  

F i e l d s  i d e a l l y  s u i t e d  f o r  n o - t i l l  f a rming  can g r a d u a l l y  l o s e  the i r  pro­
d u c t i v e  c a p a c i t y  th rough  mismanagement. Mismanagement of s o i l  s t r u c t u r e  
d e t e r i o r a t e s  t h e  s u r f a c e  s o i l  c o n d i t i o n  s o  t h a t  t h e  minimum e f f o r t  e x e r t e d  
by  most n o - t i l l  p l a n t i n g  tools canno t  merge t h e  seedbed w i t h  t h e  r o o t b e d .  
V e h i c l e s  t o o  heavy f o r  t h e  once  s t a b l e  a g g r e g a t e s  may s h a t t e r  t h e  s u r f a c e  
a g g r e g a t e s  and compact t h e  s o i l  s u r f a c e .  A p p l i c a t i o n  of  c u l t u r a l  ope ra­
t i o n s  when s o i l s  are weakened by rains,  o r  by excessive s l i p p a g e  of  d r i v e  
whee l s  a p p l y i n g  s h e a r  stresses, e a s i l y  f r a c t u r e  t h e  once  s t a b l e  s o i l  
f a b r i c  and l e a d  t o  s u r f a c e  compact ion .  I n c r e a s e s  i n  compact ion  o f  t h e  
s u r f a c e  s o i l  w i l l  s e r i o u s l y  r educe  t h e  amount of  m o i s t u r e  e n t e r i n g  a 
s o i l  t o  be s t o r e d  f o r  c r o p  use.  S o i l  compact ion  is also r e s p o n s i b l e  f o r  
r e d u c i n g  r o o t  development  which r e d u c e s  t h e  r a t e  of m o i s t u r e  and n u t r i e n t s  
r e t r i e v e d .  A s  s o i l  compac t ion  becomes more p r e v a l e n t ,  c r o p  y i e l d s  w i l l  
d e c r e a s e  and t h e  f i e l d  w i l l  become less d e s i r a b l e  f o r  a d d i t i o n a l  n o - t i l l  
f a rming .  Decreased  y i e l d s  are n o t  n e c e s s a r i l y  c h a r a c t e r i s t i c  of t h e  no-
till sys t em s i n c e  a few long- term e x p e r i m e n t s  have  shown t h a t  p r o d u c t i o n  
can be m a i n t a i n e d  w i t h  p r o p e r  management. I n s t e a d ,  it is e v i d e n c e  t h a t  
b e t t e r  management is  r e q u i r e d  to make t h e  s t a n d a r d  n o - t i l l  f a rming  
sys t em work on  a s u s t a i n e d  b a s i s .  
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B.  No- Ti l lage- Plus  Farming 

J u s t  a s  some n o - t i l l  p l a n t e r s  c a n  be adap ted  t o  o b t a i n  a s l i g h t l y  deeper  
o r  wider  seedbed,  so can  t h e  n o - t i l l  p l a n t e r  be mod i f i ed  t o  p i e r c e  s t i l l  
d e e p e r  b a r r i e r s  t o  r o o t  and w a t e r  movement. Normally,  s u c h  p l a n t e r s  will 
r e q u i r e  some form of c o u l t e r  t o  c u t  th rough  t h e  s u r f a c e  t r a s h  i n  f r o n t  o f  
a n  in- row subsoiler, fo l lowed  by a d e v i c e  t o  p u l v e r i z e ,  c o n d i t i o n ,  and 
f i r m  t h e  seedbed p r i o r  t o  p l a n t i n g .  C a l l e d  “ n o- t i l l a g e  p lus , ”  the  p l u s  
r e f e r s  t o  “ p l u s  s u b s o i l i n g "  --the t e c h n i q u e  o f f e r s  most of t h e  a d v a n t a g e s  
o f  n o- t i l l a g e  f a rming  i n  s o i l s  t h a t  r e q u i r e  deep r emed ia l  a c t i o n  below 
t h e  p l a n t e d  row- Lands t i l l e d  and t r a f f i c k e d  f o r  several y e a r s  w i t h  
s t a n d a r d  equipment d e v e l o p  compacted horizons, and o n l y  n o- t i l l a g e- p l u s  
c a n  p r o v i d e  r o o t b e d s  t h a t  r e a d i l y  a b s o r b  t h e  water n e c e s s a r y  f o r  
p r o f i t a b l e  p r o d u c t i o n  when l a n d s  are i n  poor  p h y s i c a l  c o n d i t i o n .  

Most c o n v e n t i o n a l l y  farmed f i e l d s  have  deep bands  compacted by i n d i s c r i m i ­
n a n t  t r a f f i c ,  a n d ,  u n l e s s  deep c h i s e l i n g  i s  done d i r e c t l y  b e n e a t h  t h e  row, 
c r o p s  are den ied  most n u t r i e n t s  and m o i s t u r e  s t o r e d  i n  s u b s o i l s .  With no-
t i l l a g e - p l u s ,  s o i l  i s  l o o s e n e d  d i r e c t l y  under  t h e  row by deep  c h i s e l i n g  as 
t h e  c r o p  i s  p l a n t e d .  Such c h i s e l i n g ,  o r  s h a l l o w  s u b s o i l i n g ,  s h o u l d  he  j u s t  
deep  enough t o  p i e r c e  t h e  h a r r i e r s  to  r a p i d  root development ,  and a l l o w  
r o o t s  normal a c c e s s  th rough  t h e  compacted s u r f a c e  b a r r i e r ,  dense  h a r r o w s o l e ,  
and r e s t r i c t i v e  plowpan. Roo t s  a r e  then  a b l e  t o  deve lop  a t  t h e i r  g e n e t i c  
c a p a h i l i t i e s  so t h a t  r a p i d  e a r l y  growth i s  a s s u r e d  and t h e  mass of t h e  r o o t  
sys t em c a n  p r o l i f e r a t e  and r e t r i e v e  t h e  m o i s t u r e  s t o r e d  i n  t h e  deepe r  
subso i l s .  

N o- t i l l a g e- p l u s  does  not p r o v i d e  r eady  access t o  h o r i z o n t a l  r o o t  develop­
ment th rough  t h e  s u r f a c e  s o i l  between t h e  rows. About t w o- t h i r d s  o f  t h e  
f e r t i l e  s u r f a c e  s o i l  h o r i z o n  remains compact ,  t h u s  denying t h e  n u t r i e n t s  
and m o i s t u r e  i t  c o n t a i n s  t o  t h e  c u r r e n t  c r o p .  Unless s u f f i c i e n t  f e r t i ­
l i z e r s  a re  p l a c e d  i n  t h e  l o o s e n e d  zone n e a r  e a c h  p l a n t e d  r o w ,  t h e  c r o p  
may have d i f f i c u l t y  o b t a i n i n g  a d e q u a t e  n u t r i t i o n  from t h e  s u r f a c e  s o i l  
a t  ra tes  which a l l o w  r a p i d  growth.  

Depr iv ing  c r o p s  o f  t h e  n u t r i e n t s  and m o i s t u r e  i n  t h e  f e r t i l e  s u r f a c e  s o i l  
h o r i z o n  is  n o t  new, For  a l o n g  t i m e  now, r o o t s  have  n o t  deve loped  i n  t h e  
i n t e r r o w  zone of  s u r f a c e  s o i l  i n  f i e l d s  t i l l e d  i n  t h e  c o n v e n t i o n a l  manner. 
I t  i s  n o t  commonly r e a l i z e d  how much i n t e r r o w  damage is done by t r a f f i c k ­
i n g  w h i l e  pe r fo rming  o u r  p r e s e n t  c u l t u r a l  p r a c t i c e s  s i n c e  y i e l d  i n c r e a s e s  
from new t echno logy ,  i n c l u d i n g  b e t t e r  v a r i e t i e s ,  a d d i t i o n a l  n u t r i e n t  
a v a i l a b i l i t i e s ,  and  improved p e s t i c i d e s ,  mask t h e  l o s s e s  r e s u l t i n g  from 
compaction. 

Compaction does  not o c c u r  o n l y  on  w e t  s o i l  o r  o n l y  under  heavy v e h i c l e s .  
S e r i o u s  compact ion  c a n  o c c u r  i n  w e l l - t i l l e d  s o i l - w h e n  i t  i s  q u i t e  d r y  under 
t h e  whee l s  o f  l i g h t  t r a c t o r s  and s p r a y e r s ,  and even under  t h e  equipment 
suppor t- , guide- , and depth- wheels .  I t  c a n n o t  b e  s t r e s s e d  s t r o n g l y  enough 
t h a t  r e g a r d l e s s  o f  t h e  t y p e  of implement used t o  t i l l  a f i e l d ,  a l l  subse­
q u e n t  t r a f f i c  c a n  compact t h e  t i l l e d  h o r i z o n .  T h i s  i n c l u d e s  a l l  secondary  
t i l l a g e  implements  and p l a n t i n g  equipment .  I n  f a c t ,  t h e  b e n e f i t  o f  p r imary  
t i l l a g e  is f r e q u e n t l y  l o s t  b e f o r e  t h e  p l a n t e d  s e e d s  g e r m i n a t e .  T h e r e f o r e ,  
t h a t  p a r t  o f  the f e r t i l e  h o r i z o n  n o t  l o o s e n e d  under  t h e  n o- t i l l a g e- p l u s  
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t e c h n i q u e  i s  i n  no worse  c o n d i t i o n  than  t h e  i n t e r r o w  s o i l  i n  f i e ld . :  t i l l e d  
and t r a f f i c k e d  c o n v e n t i o n a l l y .  I n  a d d i t i o n ,  b e c a u s e  no-tillage-plus 
l o o s e n s  t h e  zone b e n e a t h  t h e  p l a n t e d  row through t h e  plowpan, i t  o f f e r s  
b e t t e r  rooting c o n d i t i o n s  than  t h e  c o n v e n t i o n a l  sys t em.  

Two i m p o r t a n t  f a c t o r s  t h a t  can  l i m i t  p r o d u c t i o n  w i t h  n o- t i l l a g e- p l u s  a r e :  
(1) set t lement  w i t h i n  t h e  e x c e s s i v e l y  loosened  seedbed and ( 2 )  i n a d e q u a t e  
seedbed p r e p a r a r i o n .  

Some form o f  seedbed c o n d i t i o n i n g  is r e q u i r e d  t o  a s s u r e  t h d t  s e e d s  o r  young 
s e e d l i n g s  a r e  not  washed i n t o  t h e  s u h s o i l e r  s l o t  s i n c e  s u h s o i l i n g  o f t e n  
l e a v e s  t h e  soil b e n e a t h  t h e  p l a n t e d  row i n  an u n s t a b l e  c o n d i t i o n .  The 
l o o s e n e d  soil c o n t a i n s  lumps t h a t  can t e m p o r a r i l y  b r i d g e  t h e  subsoiler s l o t ,  
f o rming  a l a r g e  vo id  nea r  t h e  bot tom of t h e  s l o t  which l e a v e s  t h e  seedbed 
v u l n e r a b l e  t o  s e t t l e m e n t  d u r i n g  heavy r a i n s .  S e t t l e m e n t s  can  be d i s a s t e r o u s  
t o  s t a n d  e s t a b l i s h m e n t ,  e s p e c i a l l y  d u r i n g  t h e  first 3 weeks a f t e r  p l a n t i n g .  

I n  t h e  c o n v r n t i o n a l  sys tem,  f a r m e r s  can  har row r e p r a t e d l y  b e f o r e  p l a n t i n g ,  
i f  n e c e s s a r y ,  t o  p r e p a r e  a seedbed .  Not s o  w i t h  n o- t i l l a g e- p l u s ,  s i n c e  
f a r m e r s  must a s s u r e  t h e  p r o p e r  p u l v e r i z a t i o n  f o r  a good seedbed d u r i n g  a 
s i n g l e  p a s s .  W i t h  n o- t i l l a g e- p l u s ,  f a r m e r s  must a d j u s t  all a c t i o n s  of t h e  
mach ine ry  p r i o r  t o  t h e  f i r s t  pass  because t h e y  do not  have a second chance  
b e f o r e  p l a n t i n g .  S k i l l  i s  r e q u i r e d  t o  a s s u r e  a d e q u a t e  p u l v e r i z a t i o n  f o r  a 
s a t i s f a c t o r y  seedbed i n  any  n o - t i l l  o p e r a t i o n ;  a good seedbed i s  a p re-
r e q u i s i t e  f o r  a d e q u a t e  p l a n t  emergence--and a n  a d e q u a t e  s t a n d  i s  re­
q u i r e d  f o r  good p r o d u c t i o n .  

C .  No-Tillage--No-Traff i c  Farming 

The u l t i m a t e  i n  n o - t i l l a g e  f a rming  would a l l o w  f o r  t h e  c r o p  t o  t a k e  advan­
t a g e  o f  t h e  e n t i r e  f e r t i l e  s u r f a c e  s o i l  h o r i z o n ,  as w e l l  as t h e  deep ,  sub-
s u r f a c e  m a t e r i a l ;  i t  would a l l o w  f o r  t h e  c a p t u r e  o f  most  of  e a c h  r a i n ,  and 
a l l o w  r o o t s  t o  d e v e l o p  t o  t h e i r  g e n e t i c  c a p a c i t y ,  I n  a d d i t i o n ,  t h e  r o o t i n g  
volume would n o t  b e  l o s t  p r o g r e s s i v e l y  because  of  t h e  a d d i t i o n a l  compact ion  
t h a t  o c c u r s  t h r o u g h  c o n t i n u e d  c o n v e n t i o n a l  t r a f f i c .  With t h e  no- t i l l- - no­
t r a f f i c  t e c h n i q u e ,  s u p e r i o r  y i e l d s  c a n  b e  e x p e c t e d  and s u s t a i n e d  i n d e f i n i t e ­
l y  when a l l  o t h e r  c r o p  needs  are p r o p e r l y  managed and m a i n t a i n e d .  However, 
n o- t i l l  n o- t r a f f i cf a rming  is d i f f i c u l t ,  i f  no t  i m p o s s i b l e ,  u s i n g  t h e  
mach ine ry  and implements  a v a i l a b l e  t oday .  

F i e l d s  must f i r s t  b e  p u t  i n t o  a n  i d e a l  p h y s i c a l  c o n d i t i o n  w i t h  o n l y  a few 
narrow,  pe rmanen t ly  e s t a b l i s h e d  wheelways f o r  equipment t r a v e l .  A l l  ope ra­
t i o n s  f rom p r e p l a n t i n g  t h r o u g h  p o s t h a r v e s t i n g  must  h e  done  from t h e s e  wheel-
ways so t h a t  s o i l  b a r r i e r s  w i l l  n o t  b e  re- formed w i t h i n  t h e  farmed p o r t i o n s  
o f  t h e  f i e l d .  Deep p r o f i l e  m o d i f i c a t i o n s  are  p o s s i b l e  t o  improve s o i l  
c h a r a c t e r i s t i c s  be tween wheelways,  b u t  r e g a r d l e s s  o f  improvements,  t h e  s o i l  
c a n n o t  b e  m a i n t a i n e d  i n  a p r o d u c t i v e  c o n d i t i o n  when s u b j e c t e d  t o  t h e  f o r c e s  
of man’s machines .  

Our l o n g  te rm s t u d i e s  have  shown t h a t  when d e e p l y  m o d i f i e d  s o i l s  were used 
t o  p roduce  c r o p s ,  n a t u r a l  s e t t l e m e n t  was n o t  o b j e c t i o n a b l e .  Without  t r a f ­
f i c ,  s u c h  s o i l s  remained pe rmeab le  to  w a t e r  and l o o s e  enough f o r  good r o o t  
p r o l i f e r a t i o n  w i t h o u t  a n n u a l  t i l l a g e .  Our u n t i l l e d ,  u n t r a f f i c k e d  s t r i p s  
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c a p t u r e d  more of  e a c h  r a i n  and r educed  b o t h  r u n o f f  and t h e  amount o f  s o i l  
and f i e l d - a p p l i e d  c h e m i c a l s  t h a t  l e f t  t h e  s t r i p s  t o  become p o l l u t a n t s .  
Y i e l d s  no t  o n l y  e q u a l l e d  t h o s e  o f  t e s t  s t r i p s  t i l l e d  e a c h  y e a r  and kep t  
f r e e  o f  t r a f f i c ,  b u t  were s u p e r i o r  t o  t h o s e  from s t r i p s  t i l l e d  a n n u a l l y  
and t r a f f i c k e d  i n  t h e  t r a d i t i o n a l  manner. A d d i t i o n a l  a n a l y s e s  i n d i c a t e d  
t h a t  n o- t i l l - - n o- t r a f f i c  n o t  on ly  reduced o p e r a t i o n a l  c o s t s ,  b u t  bene­
f i t e d  from more t i m e l y  a p p l i c a t i o n  of a l l  o p e r a t i o n s .  

To my knowledge, o n l y  one  f a r m e r  i n  t h e  Uni ted  S t a t e s  h a s  u n d e r t a k e n  t h e  
equipment a1t e r a t i o n s  n e c e s s a r y  t o  pe r fo rm no- t i l l age- - no- t ra ff i c  f a rming  
on  a r e a l i s t i c  scale.  H e  i s  p l e a s e d  w i t h  h i s  p r o d u c t i o n  and c o s t  reduc­
t i o n s  o v e r  t h e  p a s t  4 y e a r s .  H i s  v e h i c l e s  o p e r a t e  on o n l y  60- inch c e n t e r s ,  
which means t h a t  o n l y  a b o u t  t w o- t h i r d s  o f  t h e  s u r f a c e  of  h i s  f i e l d s  can  be  
used  f o r  p r o d u c t i o n ,  s i n c e  o n e- t h i r d  forms t h e  t r a f f i c  ne twork .  H e  u s e s  
t h e  same wheelways d u r i n g  all o p e r a t i o n s ,  i n c l u d i n g  h a r v e s t i n g ,  w i t h o u t  
t r a f f i c k i n g  h i s  beds ,  and is a b l e  t o  m u l t i p l e- c r o p  i n t o  l o o s e  s o i l  w i t h o u t  
t i l l a g e .  

I v i s u a l i z e  t h a t ,  i n  t h e  f u t u r e ,  a l l  o p e r a t i o n s ,  i n c l u d i n g  h a r v e s t i n g ,  
w i l l .  be done from spann ing  u n i t s  t h a t  s p a n  much wide r  areas so t h a t  f rom 
96 t o  98 p e r c e n t  of t h e  f i e l d  w i l l  be  f r e e  of  wheel t r a f f i c .  More of t h e  
f i e l d  w i l l  b e  f r e e  t o  a b s o r b  t h e  r a i n s  and remain  f r e e  of b a r r i e r s  t o  
r a p i d  r o o t  p r o l i f e r a t i o n .  The o n l y  downward t h r u s t  upon t h e  s o i l  would 
b e  under  t h e  whee l s  of  s p a n n e r s  t h a t  would f u l l y  s u p p o r t  a l l  w e i g h t s  now 
a p p l i e d  t o  t h e  f i e l d ,  i n c l u d i n g  t h a t  of t h e  h a r v e s t e d  c r o p .  

C o n c l u s i o n s  

T r a f f i c ,  f o l l o w i n g  t i l l a g e ,  i s  t h e  major  c u l p r i t  r e s p o n s i b l e  f o r  so i l  com­
p a c t i o n .  Compacted s o i l  p r e v e n t s  t h e  e f f e c t i v e  e n t r y  o f  r a i n  and i r r i g a ­
t i o n  waters i n t o  s o i l  and p r e v e n t s  u t i l i z a t i o n  by r o o t s  o f  m o i s t u r e  
s t o r e d  w i t h i n  and o f t e n  beyond t h e  compacted s o i l  bands .  When r o o t s  are 
u n a b l e  t o  f u n c t i o n  a t  rates r e q u i r e d  f o r  a d e q u a t e  m o i s t u r e  and n u t r i e n t  
r e t r ieva l ,  c r o p  p r o d u c t i o n  d e c l i n e s .  Depressed  i n t e r r o w  t r a f f i c w a y s  
accumula te  and c h a n n e l  e r o s i v e  volumes o f  water from f i e l d s ,  which n o t  
o n l y  d e n i e s  water t o  t h e  c r o p ,  b u t  e r o d e s  f i e l d s ,  f l o o d s  l o w l a n d s ,  and 
p o l l u t e s  streams and l a k e s .  S o i l  and water c o n s e r v a t i o n  measures  are 
r e q u i r e d  t o  improve mechanized f a r m l a n d s  f o r  s u s t a i n e d  p r o d u c t i o n .  

S t a n d a r d  n o - t i l l a g e  f a rming  i s  w e l l- s u i t e d  t o  l a n d s  a l r e a d y  i n  e x c e l l e n t  
p h y s i c a l  c o n d i t i o n ,  b u t  such  l a n d s  a r e  few, and t h e i r  p h y s i c a l  c o n d i t i o n  
c a n  b e  expec ted  t o  d e t e r i o r a t e  w i t h  s u s t a i n e d  use .  

N o- t i l l a g e- p l u s  c a n  be  used  on l a n d s  t h a t  are  a l r e a d y  i n  poor  p h y s i c a l  
c o n d i t i o n .  I t  c a n  s u s t a i n  c r o p  p r o d u c t i o n ,  b u t  c a n n o t  p roduce  y i e l d s  
t h a t  s o i l s  are c a p a b l e  of  p roduc ing  and t h a t  may b e  c a l l e d  f o r  i n  t h e  
2 1 s t  Century .  

The newest  c o n c e p t  i n  keep ing  w i t h  t h e  n o - t i l l  p r i n c i p l e  is n o- t i l l a g e  
n o - t r a f f i c  f a rming .  T h i s  sys tem,  p romises  b o t h  s u s t a i n e d  and optimum 
p r o d u c t i o n .  I t s  v a l u e  needs  t o  b e  proved,  however, b e f o r e  f a r m e r s  and 
i n d u s t r y  w i l l  b e  w i l l i n g  t o  abandon p r e s e n t  f a rming  implements  and 
t e c h n i q u e s  f o r  a whole new sys t em o f  a g r i c u l t u r e  t h a t  demands an 
e n t i r e l y  new a r r a y  of  v e h i c l e s ,  t o o l s ,  and p r a c t i c e s .  
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NO-TILL PLUS .... 
PLUS IN-ROW SUBSOILING 

J. C. HARDEN, J. W. HARDEN AND L. C. HARDEN 

No- till plus is a new concept which combines two proven pract ices ,  n o - t i l l  
and in-row subsoiling i n  a "once over" operation. No-t i l l  plus is more 
than n o - t i l l  farming, more than subsoiling, more than "once over" farming, 
more than multi-cropping. I t  i s ,  i n  e f fec t ,  a l l  of these. No- t i l l  plus 
can be defined as a cropping system t h a t  includes the following elements 
i n  order t o  be successful. 

1. 	 The planting of  a winter cover crop such as small grains o r  legumes 
for  use as forage or grain, and fo r  use as a mulch fo r  spring-planted 
crops. 

2. No-t i l l  seeding of corn, soybean, or other crops in to  the cover crop. 

3. The application of herbicides, f e r t i l i z e r s ,  and insecticides may be 
applied in  one t r i p  over the f i e l d  along with seeding. 

4 .  	 The use of a n o - t i l l  p lanter  tha t  allows growers to  subsoil under 
the row a t  the same t i m e  they plant .  

We have found out  t h a t  the benefi ts  of n o - t i l l  farming in  a good cover-
crop are s o i l  conservation, improving water qua l i ty ,  and be t t e r  weed con­
t r o l .  No- t i l l  i n  a good mulch slows the movement of water across the 
f i e l d  thereby allowing more water absorption. We also have a savings i n  
energy, time and labor because o f  l ess  t r i p s  over the f i e l d .  No- t i l l  i s  
a tool to  successful double cropping, giving us be t t e r  land u t i l i za t ion .  
We have noticed l e s s  cornstalk borer damage i n  n o - t i l l  double cropped 
soybeans. No-t i l l  a lso adds organic matter t o  the s o i l .  When n o - t i l l i n g  
i n  a good mulch, we have observed more and heal thier  roots and less 
drying out of the top 4 inches of s o i l .  Soi l  temperatures under a mulch 
may be 20° cooler than s o i l  without mulch. Our farm is located i n  a 
highly compacted s o i l  i n  the Coastal Plains area of Alabama. I t  has been 
our experience tha t  in-row subsoiling stands alone on i ts  own merits. I t  
reduces s o i l  erosion and allows l e s s  run o f f ,  due to  the f a c t  t ha t  the 
subsoil  s l o t  ac t s  as a funnel channeling more water i n to  the subsoil for  
future crop use. There, we can apply heavy r a t e s  of i r r iga t ion  water a t  
longer in te rva ls .  The shat ter ing of the hard pan allows deeper root 
penetration, up to  7 f ee t ;  in to  the subsoil area which we consider a 
second reservoir of moisture. 

I t  is our opinion tha t  by subsoiling we can reclaim nitrogen, potash, 
su l fur ,  and magnesium t h a t  has leached out of  the top s o i l .  Our no- till 
plus acreage exceeds 1 , 0 0 0  acres each year. We follow a crop rotat ion of 

J. C. Harden, J. W. Harden, and L.  C. Harden are farmers, businessmen, 
and conservationists; Route 1, Banks, Alabama. (L. C. Harden is Chairman 
of  the Research Committee, Soil  and Water Conservation Distr ic ts  of Alabama) 
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rye ,  forage legumes, corn,  soybean, and peanuts. N o- t i l l  p lus  makes it 
poss ib le  f o r  us t o  ca r ry  on a multi-cropping program. We keep enough 
rye seed f o r  the  following y e a r ’ s  cover crop. Planting a cover crop is 
a minimal expense as compared t o  the d o l l a r  r e tu rns  we g e t  each year 
from this  cover crop. N o - t i l l  p lus  is made poss ib le  by a p iece  of 
equipment with a n o - t i l l  cou l t e r  t o  c u t  the  mulch followed by a subsoi ler  
capable of s h a t t e r i n g  t h e  e x i s t i n g  hardpan. A patented s l o t  f i l l e r  wheel 
r o t a t e s  i n  the  s l o t  behind t h e  subsoi ler  closing i t .  Circular  spider  
wheels br ing any excess s o i l  back i n t o  the  s l o t .  A double d i s c  opener 
then places  the  seed d i r e c t l y  over the  s l i t  a t  the  proper depth. F i n a l l y ,  
a packer wheel firms the  s o i l  t o  insure good s o i l  seed contact .  

To us t h i s  new concept, n o - t i l l  p l u s ,  has meant a t  the  end of the year
higher y i e l d s  with less investment, and a t  the  same time it is improving 
our s o i l .  



WEED CONTROL I N  NO-TILL SOYBEANS 

W. M. Lew is  

Weed c o n t r o l  i n  n o - t i l l  p l a n t e d  soybeans i s  a lmos t  c o m p l e t e l y  denendent upon 
h e r b i c i d e s .  no-til l soybeans a r e  most  commonly p l a n t e d  as a doub lec rop  
f o l l o w i n g  w i n t e r  s m a l l  g r a i n  h a r v e s t .  I n  some cases the  s m a l l  g r a i n  w i n t e r  
c o v e r  c r o p  may be grazed,  c u t  f o r  hay  o r  s i l a g e ,  o r  l e f t  as a mulch .  Occa­
s i o n a l l y  soybeans a r e  n o - t i l l  p l a n t e d  i n t o  Previous c r o p  r e s i d u e s .  I n  each 
o f  t h e s e  c r o p p i n g  systems, h e r b i c i d e s  must  be  a p p l i e d  t o  c o n t r o l  any g r a s s  
and b r o a d l e a f  weeds p r e s e n t  a t  p l a n t i n g ,  k i l l  any c o v e r  c rop ,  and p r o v i d e  
r e s i d u a l  a c t i o n  a g a i n s t  g e r m i n a t i n g  weed seeds. T h e r e f o r e ,  a h e r b i c i d e  
t r e a t m e n t  f o r  n o - t i l l  soybeans must  s e r v e  a d u a l  o u r p o s e - - k i l l  existing 
v e g e t a t i o n  a t  p l a n t i n g  and p r o v i d e  r e s i d u a l  weed c o n t r o l .  A postemergence 
h e r b i c i d e  may a l s o  be needed t o  c o n t r o l  b r o a d l e a f  weeds 3 t o 4  weeks a f t e r  
soybean p l a n t i n g  f o r  a comple te  weed c o n t r o l  program. 

Weed Control Methods 

I n  p l a n n i n g  a weed c o n t r o l  program, f o u r  methods s h o u l d  be cons ide red :  1 )  
c r o p  r o t a t i o n s ,  2 )  c r o p  c o m p e t i t i o n ,  3 )  c u l t i v a t i o n  i n c l u d i n g  seedbed p r e p­
a r a t i o n ,  and 4 )  h e r b i c i d e s .  How do t h e s e  a p p l y  t o  n o - t i l l  p l a n t e d  soybeans? 

Crop R o t a t i o n .  Most  g rowers  f a i l  t o  r e a l i z e  t h e  v a l u e  o f  c r o p  r o t a t i o n  f o r  
weed c o n t r o l .  C e r t a i n  weeds may be e a s i e r  o r  cheaper  t o  c o n t r o l  i n  c o r n  t h a n  
i n  soybeans and v i c e  ve rsa .  F o r  example, l a rge- seeded  b r o a d l e a f  weeds, such 
as c o c k l e b u r ,  j imsonweed,  and P e n n s y l v a n i a  smartweed, can be e a s i l y  con-
t r o l l e d  i n  c o r n  w i t n  preemergence h e r b i c i d e s  o r  by a postemergence a p p l i c a ­
t i o n  o f  2,4-D, Banvel,  E v i k ,  o r  L o r o x  o v e r  a p e r i o d  o f  s e v e r a l  weeks. Thus 
i n  co rn ,  y o u  have g r e a t e r  f l e x i b i l i t y  i n  t i m e  o f  a p p l i c a t i o n ,  number o f  a p p l i ­
c a t i o n s ,  and h e r b i c i d e  s e l e c t i o n .  F o r  economica l  c o n t r o l ,  t h e s e  weeds a r e  
more d i f f i c u l t  t o  c o n t r o l  w i t h  preemergence h e r b i c i d e s  i n  soybeans and 
t i m i n g  o f  postemergence a p p l i c a t i o n s  i s  v e r y  c r i t i c a l  and some c r o p  i n j u r y  
may occur .  T h i s  a g a i n  emphasizes t h e  need f o r  g r e a t e r  manager ia l  s k i l l s  i n  
a n o - t i l l  system. R o t a t i n g  c r o p s  a l s o  h e l p s  p r e v e n t  b u i l d u p  o f  p r o b l e m  
weeds because we a r e  a b l e  t o  use d i f f e r e n t  h e r b i c i d e s  t o  c o n t r o l  a b r o a d e r  
spec t rum o f  weed s p e c i e s .  The r o t a t i o n  o f  h e r b i c i d e s ,  as w e l l ,  w i l l  reduce 
t h e  p o s s i b i l i t i e s  o f  h e r b i c i d e  b u i l d u p  i n  t h e  s o i l .  

Crop C o m p e t i t i o n .  Crop c o m p e t i t i o n  i s  v i t a l  t o  t h e  o v e r a l l  management 
system o f  n o - t i l l  and e s p e c i a l l y  d o u b l e c r o p  soybeans. These l a t e r  p l a n t i n s s  
s h o u l d  be i n  n a r r o w  rows, 15  t o  20 i n c h e s .  Soybean p l a n t s  i n  na r row  rows 
form a canopy a few weeks a f t e r  p l a n t i n g  t o  s u c c e s s f u l l y  shade o u t  weeds 
g e r m i n a t i n g  l a t e r .  C u l t u r a l  p r a c t i c e s ,  such as good seed, p r o p e r  f e r t i l i z a ­
t i o n  and l i m i n g ,  e f f e c t i v e  i n s e c t  and d i s e a s e  c o n t r o l ,  and na r row  rows a r e  
v e r y  i m p o r t a n t  i n  g i v i n g  t h e  c r o p  t h e  c o m p e t i t i v e  edge i n  s h a d i n g  o u t  weeds 
l a t e  i n  t h e  season. Dense s m a l l  g r a i n  s t a n d s  can a l s o  reduce t h e  p o t e n t i a l  
weed i n f e s t a t i o n  and weed s i z e  a t  p l a n t i n g  t i m e  f o r  doub lec rop  n o - t i l l  soy-
beans. 

W. M. Lewis is Professor of Crop Science, Department of Crop Science, North 
Carolina S t a t e  U n i v e r s i t y ,  R a l e i g h ,  NC 27650. 
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Cult ivat ion and Seedbed Preparation. I f  the  weeds present d i c t a t e  cu l t iva­
t ion and/or plowing or disking f o r  seedbed preparat ion,  then n o- t i l l  i s  n o t  
the planting system t o  choose. For example, johnsongrass, bermudagrass, and 
yellow and purple nutsedge cannot be control led well enough in a n o- t i l l  
system. However, ce r t a in  preplant soi  1 incorporated herbicides are e f fec­
t i v e  in control l ing  these perennial weeds. 
I n  n o - t i l l  doublecrop soybeans, our experience indicates  t h a t  the  small 
grain should be planted in a conventional seedbed ra the r  than overseeding i t  
i n  the previous crop. The stand of small grains has been b e t t e r  and hence 
g rea te r  y ie lds .  Also weed control a n d  y i e l d  of the n o- t i l l  planted soybeans
have been g rea te r  following small grains which were conventionally planted. 
When f i e l d s  are  f a l l  t i l l e d  and planted t o  small gra ins ,  cut leaf  evening-
primrose, horseweed, whiteheath a s t e r ,  and wild l e t t u c e ,  which are  d i f f i c u l t  
t o  control with paraquat,  a re  n o t  a problem. I n  addi t ion ,  perennial weeds 
such as trumpetcreeper, horsenett le  and b r i a r s  are  l e s s  prevalent where 
f i e l d s  have been t i l l e d  in the  f a l l .  The e f f e c t s  of t i l l a g e  on weed control 
i s  one reason we do  not advocate continuous n o- t i l l  planting b u t  do suggest 
n o- t i l l  as one a l t e r n a t i v e  planting system within a t o t a l  crop management 
sy stem. 
Herbicides. To plan a weed control program f o r  no- t i l l  planted soybeans, you 
must know the weeds present i n  the  f i e l d ,  the s o i l  organic matter and tex­
t u r e ,  and  the c a p a b i l i t i e s  of herbicides labeled f o r  n o- t i l l  soybeans. The 
f i r s t  s tep  in any weed control program i s  t o  iden t i fy  the  weeds present .  
Survey your f i e l d s  in the  l a t e  summer o r  f a l l  for the next y e a r ' s  crop,
because the  weeds present  in the  f a l l  wi l l  surely be back next year.  Record 
the weeds i d e n t i f i e d  a n d  t h e i r  sever i ty  on a "weed map" of your farm. F i r s t ,  
the ex i s t ing  weeds wi l l  indica te  whether o r  not t o  n o- t i l l  plant .  Next they
aid in se lec t ing the herbicide t o  provide residual weed control and in 
determining possible needs f o r  addit ional  postemergence applied herbicides.  
The weeds present a t  planting and t h e i r  s i z e  wi l l  influence the choice and 
ra te  of the herbicide t o  control ex i s t ing  vegetation a n d  wil l  fu r the r  help
i n  se lec t ing preemergence and postemergence herbicides.  To s e l e c t  the  
appropriate herbicide and ra te  f o r  your s o i l ,  the s o i l  organic matter and 
so i l  type must be known. Once the weeds have been iden t i f i ed  and  the organic 
matter and s o i l  texture  determined, you must match t h i s  information with the 
c a p a b i l i t i e s  and l imi ta t ions  o f  herbicides labeled for use in n o- t i l l  soybeans. 
The tank mixtures of herbicides labeled fo r  planting treatments in n o- t i l l  
soybeans a re  l i s t e d  in Table 1 .  Paraquat and Roundup k i l l  emerged annual 
grass and broadleaf weeds. Residual control of annual grass a n d  broadleaf 
weeds i s  provided by Lorox, Lexone (or Sencor) ,  Lasso, o r  Surflan in the 
combinations as l i s t e d .  The r a t e  ranges in pounds of ac t ive  ingredient  per 
acre a re  a l s o  indicated.  Speci f ic  r a t e s  f o r  the  residual herbicides are  
determined by the s o i l  t ex tu re  and s o i l  organic matter a n d  can be f o u n d  on 
the herbicide labels .  
A l l  the labeled herbicides providing residual weed control in n o- t i l l  soy-
beans have r e s t r i c t i o n s  covering s o i l  texture  and/or s o i l  organic matter 
(Table 2 ) .  Treatments involving Lorox o r  Lexone (or Sencor) should n o t  be 
used on sand o r  loamy sand s o i l s  low in organic matter for the  soybeans may
be injured.  
The r e l a t i v e  s u s c e p t i b i l i t y  of weeds t o  t h e  preernergence surface-applied
herbicides used in n o- t i l l  soybeans i s  presented in Table 3. Lasso a n d  
Surflan provide good t o  excel lent  control of annual grass weeds while Lorox 
o r  Lexone (or Sencor) give moderate t o  good con t ro l .  Lorox  o r  Lexone (or 
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T a b l e  1 .  Tank m i x t u r e s  o f  h e r b i c i d e s  l a b e l e d  f o r  n o - t i l l  soybeans. 

H e r b i c i d e s  Rate :  l b  a c t i v e  p e r  a c r e  

Pa raqua t  2CL + L o r o x  50WP 


Paraqua t  2CL + Lexone 50WP 


Paraquat  2CL + Sencor 50WP 


Paraquat  2CL + Lasso 4 E C  + L o r o x  50WP 


Paraquat  2CL + Lasso 4EC + Lexone 50WP 


Paraquat  2CL + Lasso 4EC + Sencor 50WP 


Paraquat  2CL + S u r f l a n  75WP + L o r o x  5 0 W P 


Paraquat  2CL + S u r f l a n  75WP + Sencor 50WP 


Roundup 4WS + Lasso 4EC + L o r o x  50WP 


0.25 + 0 .5- 2.5  


0.25- 0.5  + 0.375-0.75 


0.25- 0.5  + 0.375-1 


0.25- 0.5  + 2- 3 + 0 .5 -1 .5  


0.25-0.5 + 2-2.5 + 0.25-0.75 


0.25-0.5 + 2-2.5 + 0.25-1 


0.5 + 0 .75- 1.5  + 0.5-1 


0.5  + 0.75-1.5 + 0 .25 -0 .5  


1.5 -4  + 2-3 + 0 .5- 1 .5  

T a b l e  2 .  Labe l  r e s t r i c t i o n s  on s o i l  t e x t u r e  and o r g a n i c  m a t t e r  (OM) 
f o r  h e r b i c i d e s  a p p l i e d  i n  c o m b i n a t i o n  w i t h  Paraquat  o r  Roundup f o r  no-
t i l l  soybeans.  

H e r b i c i d e  Sand or  Sandy loam o r  
loamy sand loamy sand Any S o i l  

b <1/2 2 

Paraquat  P l u s  

L o r o x  X X 

a
Lexone X X 

Sencor X 

X 

Lasso + Lexone 

Lasso + Sencor 

S u r f l a n  + L o r o x  

S u r f l a n  + Sencor 

Roundup P l u s  

Lasso + L o r o x  X 

X 

X 

X 

X 

X 

X 

a 
Do n o t  use on sand s o i l  

l i m i t a t i o n  on % O M  

D = A c c o r d i n g  t o  Dupont l a b e l ;  M = A c c o r d i n g  t o  Monsanto l a b e l  

.3 
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T a b l e  3. R e l a t i v e  s u s c e p t i b i l i t y  o f  weeds to  preemergence s u r f a c e - a p p l i e d  
h e r b i c i d e s  fo r  n o - t i l l  soybeans. 

Lasso Lexone L o r o x  S u r f l a n  
Sencor 

Annual  g rasses  

B r o a d l e a f  s i g n a l g r a s s  E P P G 
Crabgrass E G G E 
F a l l  panicurn E G G G 
Fox ta i l s  E G G E 
Goosegrass E G G E 

Annual smal l  - seeded b r o a d l e a f  weeds 

F l o r i d a  p u s l e y  G F G G 
Lambsquarters F E G G 
P i  gweed E E E G 
Ragweed F G G P 

Annual l a rge  - seeded  b r o a d l e a f  weeds 

Cock 1 eb P F F P 
Jimsonweed P E F P 
Mo r n  ngg or y  P F P P 
Smartweed P G F P 

E = E x c e l l e n t  c o n t r o l ,  G=Good c o n t r o l ,  F = F a i r  c o n t r o l ,  P=Poor control  

T a b l e  4 .  Postemergence h e r b i c i d e  r a t e  t a b l e .  

S i ze Basagran Preemerge Dyanap Tenoran 
Weed ( i nches )  
Cock e b u r  up t o  2 1.5 2 3.0  

2-4 1.5 2 X 

4-6 1.5 X 4.0 X 

6-10 2.0 X X X 

r tweed  up  t o  2 1.5 2 
2-4 1.5 2.0 4.0 X 

4-6 1 . 5  X X X 

6-10 2.0 X X X 

Jimsonweed up t o  2 1 .5  2 
2 - 4 1.5 2 X 

4-6 1.5 2.0 X 

6-10 2 X X X 

Up t o  2 1 2.0  
2 - 4 X 2.0 3 X 

4 - 6 X X 4.0 X 

6- X X X X 

c k l e p o d  up t o  2 X X X 
X X X X 

not  use 

a r e  some v a r i a t i o n s  i n  s u s c e p t i b i l i t y  among s p e c i e s .  
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Sencor) a l s o  gives p a r t i a l  control of large-seeded broadleaf weeds such as 
cocklebur and morningglory. 

Weed Control Programs f o r  No-Ti 11 Soybeans 
Control of Existing Vegetation. Paraquat and Roundup in the  tank mix control 
emerged annual grass  and broadleaf weeds. Paraquat r a t e s  a re  1 t o  2 p t / A .  
Use the  lower r a t e  when  emerged annual weeds a re  small ,  1 t o  3 inches t a l l .  
Increase t o  2 p t / A  when weeds a r e  4 t o  6 inches t a l l .  We have found t h a t  
crabgrass,  f a l l  panicum and lambsquarters over 3 inches t a l l  a re  d i f f i c u l t  
t o  control with Paraquat. For these weeds Roundup i s  be t t e r .  Also s e l e c t  
Roundup when annual broadleaf weeds exceed 6 inches t a l l  and perennial weeds 
a re  present .  Paraquat may be used t o  control  winter  small grain cover crops.
Use 1 p t / A  f o r  rye and 2 p t / A  f o r  wheat, oa t s  o r  barley.  
Roundup i s  used a t  1.5 q t / A .  I n  n o- t i l l  systems i t  should be considered 
primari ly f o r  control of emerged annual weeds o r  a cover crop, f o r  a t  normal 
appl ica t ion dates  perennial weeds may be too young f o r  most e f fec t ive  control .  
The use of 2 t o  4 q t / A  of Roundup may f u r t h e r  reduce the competition of  
emerged perennial weeds, e spec ia l ly  i n  doublecrop soybeans. 
I n  doublecrop no- t i l l  soybeans, planting and herbicide appl ica t ion should 
immediately follow small grain harvest.  Weeds a t  t h i s  time a re  smaller and 
e a s i e r  t o  control .  Furthermore, because of  the competition provided by a 
properly managed small grain crop, the  weed seedlings a re  frequently small,  
spindly and succulent.  Given a few days a f t e r  small grain harvest ,  these 
weeds develop rapidly and become more d i f f i c u l t  t o  control w i t h  f o l i a r  appl i­
cat ions.  I f  considerably t a l l  weeds a re  present a t  small grain harvest ,  s e t  
the  combine as high as possible t o  save the fo l i age  of the  weeds in order t o  
have a g rea te r  contact  area f o r  the foliar applied herbicide. Weed stubble or 
stems wi l l  not be control led  and resprouting usually occurs. 
Using ground appl ica t ion equipment, apply tank mixtures with Paraquat or  
Roundup  in  20 t o  60 gal of water/A immediately before,  during o r  a f t e r  
planting b u t  before the  crop emerges. Thoroughly cover the l i v e  vegetation
with spray. The amount of water per acre should be increased as the densi ty 
of s tubble ,  crop residue o r  weeds increases .  I n  our t e s t s  and demonstrations, 
40 gal of water/A applied with 40 psi has been s a t i s f a c t o r y .  If the  straw has 
n o t  been removed o r  ba i l ed ,  i t  may t rap  the  spray lessening k i l l  of ex i s t ing
vegetation and residual  weed control .  I f  planning f o r  doublecrop soybeans, 
p u t  a straw shredder on the  combine. 
To Paraquat tank mixtures add Ortho X-77 Spreader or DuPont Surfactant WK at 
1 pt/l000 gal of spray mixture. Do n o t  add addit ional  su r fac tan t  t o  Roundup .  
Residual WeedControl. When the weed infestation and soil information for a 
f i e l d  have been gathered, t h a t  p a r t i c u l a r  weed complex can be p u t  i n t o  one 
of three  groups.  These become the bas i s  f o r  se lec t ing  the proper pre-
emergence o r  residual  herbicide treatment.  
1 .  Annual small-seeded broad1 eaf weeds plus moderate in fes ta t ion  of  annual 
g rass  weeds. The tank-mix combinations f o r  t h i s  s i t u a t i o n  a re  Paraquat + 
Lorox and Paraquat + Lexone (o r  Sencor) .  Grass and broadleaf weed control i s  
frequently of shor t  dura t ion,  3 t o  4 weeks, fo r  Lorox. Lexone (o r  Sencor) 
may provide s l i g h t l y  improved grass control and b e t t e r  control of morning-
glory ,  jimsonweed, and smartweed. Length of control may be of s u f f i c i e n t  
duration f o r  n o- t i l l  doublecrop soybeans planted in  narrow rows b u t  t o o  shor t  
f o r  ful l- season soybeans. These treatments should n o t  be se lec ted  i f  f a l l  
panicum or broadleaf s ignalgrass  i s  a problem. 
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Lorox should not be used on sand o r  loamy sand s o i l s  nor on any so i l  with 
l e s s  than 1 /2% organic matter f o r  i t  may in ju re  the soybeans. Five percent
organic matter i s  the  upper l imi t  fo r  use of Lorox, because organic matter 
t i e s  i t  u p  reducing the amount avai lable  f o r  adequate weed con t ro l .  Do n o t  
use Lexone (or Sencor) on sandy loam o r  loamy sand s o i l s  with l e s s  t h a n  2% 
organic matter.  In  these s o i l s  Lexone (or Sencor) may in ju re  soybeans,
pa r t i cu la r ly  under heavy r a i n f a l l  which moves the herbicide i n t o  the so i l  
where i t  i s  absorbed by the soybean roots  and moved in to  the  top of the  plant .
Plant  soybean seed a t  l e a s t  1 1 / 2  inches deep on f l a t  o r  raised seedbeds t o  
reduce potent ia l  in jury  from Lorox or  Lexone. 
2. Annual small -seeded broadleaf weeds plus increased control of annual grass
weeds. These herbicide combinations o f f e r  b e t t e r  and  longer control of annual 
grass weeds: Paraquat + Lasso + Lorox;  Paraquat + Surflan + Lorox a n d  
Roundup + Lasso + Lorox. Lasso i s  a consis tent ly  e f f e c t i v e  preenergence grass
control herbicide and usually provides approximately 6 weeks of control .  
Surf lan ,  on the o ther  h a n d ,  requires more water f o r  a c t i v a t i o n ,  s ince i t  
leaches l e s s  than Lasso, b u t  o f f e r s  the  advantage of longer season grass 
control .  Often r a i n f a l l  i s  l e s s  r e l i a b l e  following appl ica t ion f o r  n o- t i l l  
doublecrop soybeans and consequently weed control from Surflan i s  l e s s  
favorable. Combinations with Lasso a r e  more e f f e c t i v e  in control l ing  f a l l  
panicum and broadleaf s ignalgrass .  Any of these three  tank mixes are  possi­
b i l i t i e s  f o r  ful l- season o r  doublecrop n o- t i l l  soybeans. Lasso or  Surflan 
i n  a tank mixture improves the control of volunteer small gra ins .  
3. 	 Annual small -seeded broadleaf weeds plus increased control of large-
seeded broadleaf weeds and of annual grass weeds. Lexone (o r  Sencor) in the 
following t a n k  mixtures increases control of large-seeded broadleaf weeds 
(such a s  cocklebur, jimsonweed, and morningglory): Paraquat + Lasso + Lexone 
(or  Sencor) and Paraquat + Surflan + Sencor. The statements made in the 
previous sec t ion a l s o  apply t o  these  mixtures. 
Postemergence Weed Control. Additional broadleaf weed control may be needed 
3 t o  4 weeks a f t e r  planting especia l ly  f o r  large-seeded broadleaf weeds-­
cocklebur, morningglory, jimsonweed, and Pennsylvania smartweed. Our 
experience shows there  may be l e s s  large-seeded broadleaf weeds in n o - t i l l .  
Postemergence herbicides with suggested ra tes  f o r  control l ing  weeds of 
d i f f e r e n t  s i z e s  a re  presented in  Table 4 .  

Although Basagran i s  very e f f e c t i v e  on ce r t a in  large  weeds, pa r t i cu la r ly
cocklebur, i t  i s  more e f f e c t i v e  and economical when applied e a r l y  t o  smaller 
weeds. Sicklepod i s  r e s i s t a n t  and morningglory i s  p a r t i a l l y  control led a t  
high r a t e s .  Basagran a l so  gives yellow nutsedge con t ro l .  
Apply Premerge or  Dyanap in  8 t o  10 g a l  of water/A and a t  60 ps i .  Small 
o r i f i c e  nozzles a re  required. Raise the spray boom approximately 30 inches 
above the soybeans. Application of Premerge may be repeated a f t e r  4 t o  5 
days. Sicklepod i s  r e s i s t a n t  t o  Premerge and Dyanap. Do n o t  apply when 
so i l  or soybeans are  wet, when i t  i s  windy, o r  when the  temperature i s  below 
7 5 O F o r  above 95oF. 
Apply 3 lb/A of Tenoran before weeds a re  over 2 inches t a l l .  Add a nonionic 
su r fac tan t  a t  1 pt/25 gal of spray.  Tenoran i s  the bes t  postemergence herbi­
cide f o r  control of sicklepod. 
I f  good e a r l y  season control of morningglory and cocklebur i s  no t  achieved, 
2,4-DB (Butyrac 200, Butoxone) applied over-the-top 10 days before bloom u p  
t o  mid-bloom wil l  provide addit ional  control of cocklebur and pa r t i a l  control 
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o f  morningglory. T h i s  l a t e  t r e a t m e n t  reduces  weed i n t e r f e r e n c e  a t  h a r v e s t  
b u t  y i e l d  has a l r e a d y  been reduced  b y  t h e s e  weeds. T h e r e f o r e ,  use 2,4-DB o n l y  
as  a sa l vage  t r e a t m e n t .  

F u t u r e  H e r b i c i d e  Treatments  

Research i n d i c a t e s  t h a t  P a r a q u a t  + Dual  + L o r o x  o r  Lexone ( o r  Sencor )  and 
Roundup + Dua l  + L o r o x  o r  Lexone ( o r  Sencor )  a r e  e f f e c t i v e  i n  n o - t i l l  soy-
beans. Annual  g r a s s  weed c o n t r o l  has been e x c e l l e n t .  

A d i f f e r e n t  app roach  t o  weed c o n t r o l  i n  d o u b l e c r o p  n o - t i l l  soybeans i s  t h e  
a p p l i c a t i o n  o f  S u r f l a n  e a r l y  i n  s t a n d i n g  wheat  o r  o a t s .  S u r f l a n  may be  
a p p l i e d  o v e r - t h e - t o p  o f  s m a l l  g r a i n s  f r o m  f u l l - t i l l e r e d  t o  b o o t  s tage .  Our 
r e s u l t s  i n d i c a t e  weed c o n t r o l  i s  g r e a t l y  improved  w i t h  an  a d d i t i o n a l  a p p l i ­
c a t i o n  o f  L o r o x  o r  Lexone a t  soybean p l a n t i n g .  

Embark a p p l i e d  o v e r - t h e - t o p  o f  soybeans i n  t h e  2 t o  7 t r i f o l i a t e  s t a g e  w i l l  
c o n t r o l  v o l u n t e e r  c o r n  and sorghum and suppress  j ohnsongrass  f r o m  rh izomes 
and s e e d l i n g s .  T h i s  t r e a t m e n t  has  an  e x p e r i m e n t a l  use p e r m i t .  

Roundup a p p l i e d  w i t h  a r e c i r c u l a t i n g  s p r a y e r  when weeds a r e  t a l l e r  t h a n  t h e  
soybeans e f f e c t i v e l y  c o n t r o l s  j ohnsongrass  and o t h e r  p e r e n n i a l  weeds. T h i s  
p r a c t i c e  has an  e x p e r i m e n t a l  use p e r m i t .  Roundup does have a l a b e l  i n  c e r t a i n  
s t a t e s  f o r  s p o t  t r e a t m e n t  o f  j ohnsongrass  i n  soybeans. Roundup has a l s o  been 
s u c c e s s f u l  i n  t h e  c o n t r o l  o f  j ohnsongrass  where n o - t i l l  soybean p l a n t i n g  has 
been d e l a y e d  u n t i l  j ohnsongrass  reached t h e  b o o t  s tage .  However, no p r e -
emergence a p p l i e d  h e r b i c i d e  c u r r e n t l y  g i v e s  a h i g h  enough degree o f  c o n t r o l  
o f  g e r m i n a t i n g  seed t o  p r o v i d e  a comp le te  j ohnsongrass  c o n t r o l  program. 

Summary 

A weed c o n t r o l  p rog ram f o r  n o - t i l l  soybeans a t  p l a n t i n g  c o n s i s t s  o f  a f o l i a r  
a p p l i e d  h e r b i c i d e  t o  c o n t r o l  e x i s t i n g  v e g e t a t i o n  p l u s  one o r  two h e r b i c i d e s  
f o r  r e s i d u a l  c o n t r o l  o f  annua l  g r a s s  and b r o a d l e a f  weeds. I n  a d d i t i o n ,  a 
postemergence a p p l i e d  h e r b i c i d e  may be  needed t o  c o n t r o l  b r o a d l e a f  weeds 3 t o  
4 weeks a f t e r  p l a n t i n g .  



DIRECTED SPRAYS FOR WEED CONTROL 

W. S. HARDCASTLE 

Seve ra l  f a c t o r s  i n f l u e n c e  t h e  use o f  h e r b i c i d e s  as postemergence d i r e c t e d  
sp rays  whe the r  t h e y  a r e  used i n  minimum t i l l a g e  o r  p r e p a r e d  seed bed p l a n t i n g s  
if a h e r b i c i d e  i s  l a b e l e d  o n l y  f o r  d i r e c t e d  a p p l i c a t i o n ,  t h e n  any o t h e r  p o s t -
emergence a p p l i c a t i o n  i s  i l l e g a l .  Ano the r  f a c t o r  i s  t h e  l a c k  o f  e f f e c t i v e  
h e r b i c i d e s  f o r  wh ich  t h e  c r o p  has s u f f i c i e n t  p h y s i o l o g i c a l  t o l e r a n c e  t o  a l l o w  
a n o n- d i r e c t e d  a p p l i c a t i o n .  T h i s  n e c e s s i t a t e s  t h e  use o f  h i g h l y  t o x i c  com­
pounds whose u t i l i t y  depends on m i n i m i z e d  c r o p  c o n t a c t .  W h i l e  t h e s e  compounds 
a r e  g e n e r a l l y  very e f f e c t i v e  h e r b i c i d e s ,  l i t t l e  o r  no c r o p  t o l e r a n c e  e x i s t s ,  
and i f  t h e y  a r e  a p p l i e d  o v e r- t h e- t o p ,  e x c e s s i v e  c r o p  damage can be expec ted .  

Crop l e a v e s  can f o r m  a canopy o v e r  sma l l  weeds. T h i s  canopy i n t e r c e p t s  sprays 
and p r o t e c t s  t h e  s m a l l  weeds undernea th .  Because o f  t h e  canopy e f f e c t  o f  t h e  
c r o p ,  o v e r - t h e - t o p  a p p l i c a t i o n s ,  even w i t h  h e r b i c i d e  t o l e r a n c e  b y  t h e  c rop ,  
a r e  o f t e n  l e s s  e f f e c t i v e  t h a n  d i r e c t e d  a p p l i c a t i o n s  u n l e s s  h i g h  p r e s s u r e s  a r e  
used f o r  c a r r i e r  a t o m i z a t i o n .  A t o m i z a t i o n  i s  u n d e s i r a b l e  w i t h  h e r b i c i d e s  
s i n c e  i t  m a t e r i a l l y  i n c r e a s e s  t h e  p o t e n t i a l  f o r  d r i f t  and v o l i t i z a t i o n  wh ich  
c o u l d  damage non-target c r o p s .  

A l t h o u g h  d i r e c t e d  postemergence a p p l i c a t i o n s  a r e  s e l d o m  m a d e  e a r l i e r  t h a n  
t h r e e  weeks a f t e r  p l a n t i n g ,  p r e p a r a t i o n  f o r  t h e s e  t r e a t m e n t s  s h o u l d  s t a r t  
i n  t h e  summer o r  a t  h a r v e s t  t i m e  of t h e  y e a r  b e f o r e  t h e  postemergence d i r e c t e d  
a p p l i c a t i o n s  a r e  t o  be made. F i e l d s  s h o u l d  be su rveyed  and a l i s t  o f  weed 
s p e c i e s  and d e n s i t i e s  s h o u l d  be made. 

The e s t a b l i s h m e n t  o f  crop/weed h e i g h t  d i f f e r e n t i a l  i s  e s s e n t i a l  f o r  success­
f u l  d i r e c t e d  postemergence a p p l i c a t i o n s .  Cock lebu r ,  s i c k l e p o d  ( c o f f e e w e d ) ,  
ragweed, and m o r n i n g q l o r i e s  a r e  weeds most  commonly f o u n d  a t  t h e  t i m e  t h a t  
d i r e c t e d  postemergence a p p l i c a t i o n s  a r e  needed. S e l e c t i o n  and use of p r e -
emergence h e r b i c i d e s  w h i c h  a r e  e f f e c t i v e  on t h e s e  weeds ( o r  o t h e r s  f r o m  y o u r  
s u r v e y  l i s t ) ,  and i f  t h e  g row ing  season w a r r a n t s ,  t h e  use o f  an e a r l y  p o s t -
emergence h e r b i c i d e  a p p l i c a t i o n ,  w i l l  h e l p  a c h i e v e  t h e  crop/weed h e i g h t  
d i f f e r e n t i a l  needed f o r  s u c c e s s f u l  c o n t r o l  o f  t h e s e  weeds. 

N o z z l e  s t a b i l i t y  i s  a v e r y  i m p o r t a n t  f a c t o r  i n  s u c c e s s f u l  d i r e c t e d  p o s t -
emergence h e r b i c i d e  a p p l i c a t i o n s .  Seedbed c o n d i t i o n  c o n t r i b u t e s  t o  n o z z l e  
s t a b i l i t y .  The b e t t e r  t h e  seedbed c o n d i t i o n ,  t h e  more e f f e c t i v e  t h e  d i r e c t -
i o n  o f  postemergence a p p l i c a t i o n s .  I n  minimum t i l l a g e  p l a n t i n g s ,  seedbeds 
o f t e n  e rode  o v e r  w i n t e r  o r  d u r i n g  t h e  g r o w i n g  season o f  t h e  p r e c e e d i n g  c r o p  
i n  a r o t a t i o n .  However, e f f o r t  s h o u l d  be made whenever p o s s i b l e  t o  p r o v i d e  
a smooth, l e v e l  t r a c k  f o r  t h e  n o z z l e  c a r r i e r s  t o  move o v e r .  

S e v e r a l  a c c e p t a b l e  methods a r e  a v a i l a b l e  f o r  moun t i ng  n o z z l e s  f o r  d i r e c t e d  
postemergence a p p l i c a t i o n s  o f  h e r b i c i d e s .  One o f  t h e  most  e f f e c t i v e ,  where 
s t r a w  c o n d i t i o n s  p e r m i t  use,  i s  s k i d  mounts, t h e  s o - c a l l e d  o i l i n g  shoe. 
T h i s  equ ipment  has moun t i ng  b r a c k e t s  wh ich  a l l o w  precise p o s i t i o n i n g  o f  

W. S. H a r d c a s t l e  i s  A s s i s t a n t  P r o f e s s o r ,  Department  o f  Agronomy, U n i v e r s i t y
of Georg ia ,  Georg ia  S t a t i o n ,  Exper iment ,  Georg ia  
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nozzles,  and support arms a r e  weighted or spring loaded for  good ground
Contact. Units of t h i s  type which a r e  mountable under the middle of the  
t r a c t o r  are commercially avai lable .  This mounting posi t ion a l s o  improves 

accuracy of spray placement. I f  skid un i t s  cannot be used, nozzles may be 

mounted e f f e c t i v e l y  on a c u l t i v a t o r  frame o r  a preemergence boom can be 

used. This type of mounting requires support wheels f o r  s t a b i l i t y .  Direct 

mounting t o  the  t r a c t o r  frame i s  l e s s  s a t i s f a c t o r y  s ince  ve r t i ca l  mobility 

of the nozzles i s  l o s t .  W i t h  the l a t t e r  mountings, r i g i d  nozzle d rops  should 

be used t o  posi t ion the t i p s  below the  top of the  crop. Flexible drops a r e  
u n  s a t i s fac tory . 

In conventional planted crops,  the grower has the  o p t i o n  of cleaning row 

middles with c u l t i v a t i o n .  This  f a c i l i t a t e s  the  appl ica t ion of  postemergence 

herbicides t o  a b a n d  centered on the  crop row. I n  minimum t i l l a g e  plantings 

where the maintenance of previous crop stubble and mulch i s  des i rab le ,  t h i s  

option i s  seldom ava i l ab le  and b o t h  plant  row and crop middles must be 

cleaned and maintained chemically. 


I f  crop/weed height  d i f f e r e n t i a l s  have been es tabl ished by previous operat ions, 

there  a re  several choices of nozzles which wil l  d i r e c t  sprays in to  t h e  row 

middles and the  crop row simultaneously. Single o r  double swivel nozzle 

bodies a l l o w  accurate spray pat tern  placement and give f l e x i b i l i t y  t o  the 

spray un i t .  Nozzle t i p s  a r e  machined in  a va r i e ty  of del ivery angles (Fig. 1 )  


Figure 1 


and se lec t ions  can be made t o  f i t  the  spray pat tern  
which i s  needed. Fla t  fan t i p s  (Fig. 3, 4 ,  & 5)  
d e l i v e r  e i t h e r  e l l i p t i c a l  o r  even edge pat terns  on 
the  ground. The tapered edge t ips  a r e  designed for 
boom spraying and the  even edge t i p s  f o r  band appli
ca t ion .  F lood  t i p s  (Fig. 2)  a l s o  de l ive r  a tapered 
pat tern  which i s  spred over a wide band, the'  fan 

angle of flood t i p s  varies w i t h  o u t p u t .  Even edge

t i p s  are  avai lable  i n  80" and 95" fan angles and  i n  
s i z e s  which wil l  d e l i v e r  spray volumes of 100 and 
75 gallons per ac re  a t  3 mph and 40 psi respect­

ive ly .  Tapered edge fans a r e  ava i l ab le  which wi l l  

d e l i v e r  over 2000 gpa under the  same condit ions.  


-


Tapered Edge Fan 


If crop/weed height d i f f e r e n t i a l  has n o t  been 
maintained, i t  i s  advisable t o  clean the  row 

middles i n  one aperation and t o  clean the  crop 

row i n  a second operat ion a f t e r  the weeds in the 

row middles have been knocked down. Thorough 
coverage o f  the  weeds i s  very important t o  t h e  
success of d i rec ted  postemergence sprays.  To 
assure t h i s  coverage, higher c a r r i e r  volumes are 
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used i n  d i rec ted  postemergence spraying t h a n  a r e  general ly used i n  pre-

emergence appl ica t ions .  Where 20 gpa of d i luen t  or l e s s  i s  often s u f f i c i e n t  

f o r  preemergence boon: spraying, a minimum of 40 gpa and preferably u p  t o  

80 gpa of d i luen t  i s  des i rable  fo r  d i rec ted  postemergence spraying with 

the higher volumes being used when weeds a re  thick o r  t a l l .  For maximum 

weed k i l l  and crop protec t ion,  nozzle t i p s  which de l ive r  a spray pat tern  

which i s  even t o  the edge, r a the r  than tapered,  should be used. I f  weeds 

are  pa r t i cu la r ly  h i g h  or  f o r  added crop protect ion from translocated 

herbicides,  sh ie lds  which run close t o  the  crop and extend t o  the  ground 

on e i t h e r  s ide  of the  row middles are of ten  e f fec t ive .  Shield un i t s  a r e  

avai lable  commercially or they can be assembled in a farm shop with l i t t l e  

d i f f i c u l t y  . 
Whichever type o f  t i p  configurat ion i s  used, the  spray pat tern  in the f i e l d  
i s  of major importance. The sprayer should be s e t  u p  t o  correspond t o  the  
row number used a t  planting -- i f  four row planters  were used, a four row 
sprayer should a l s o  be used. Further, the sprayer should follow an ident­

ica l  p a t h  as t h a t  made by the planters .  I f  the  p lanter  pat tern  i s  n o t  

closely  followed, minor d i f ferences  i n  row di rec t ion can cause excessive 

spray contact  with the  crop plants  and  r e s u l t  in serious damage t o  the  

crop. 


Recirculating sprayers are spec ia l ty  equipment which d i r e c t s  a stream of 

herbicide mixture horizontal ly above the crop. Residual spray which was 

not intercepted by weeds i s  col lec ted  and returned t o  the  spray tank f o r  

use. This equipment i s  current ly  used primarily f o r  johnsongrass control 

i n  soybeans where the  grass has mater ia l ly  over-topped the beans. Several 

versions of t h i s  type of sprayer a re  commercially avai lable .  


W i t h  proper planning and equipment adjustment, directed postemergence 

herbicide appl ica t ions  can often compensate f o r  ine f fec t ive  preemergence 

treatments by removing weeds in the crop and/or be very e f f e c t i v e  in 

keeping a crop weed f r e e  unt i l  harvest .  




NO-TILL PASTURE RENOVATION 


JOE BURNS 

Maybe a b e t t e r  t i t l e  would be m i n i m u m  t i l l a g e  pas ture  renovation because, 

i n many cases , t h e r e i s some small amount of t i l l a g e performed i n order 

t o  place the c lover  seed i n t o  the  s o i l .  On the  other hand, the so-called 

"spray-seed'' method can be completely no- t i l l  w i t h  clover b e i n g  broadcast 

on. t h e  s o i l  su r face .  


In Tennessee, the term pas ture  renovation means the seeding of c lovers  i n  

grass  sods,  mainly fescue .  In o the r  a r e a s ,  renovation m i g h t  mean the  seed­

i n g  of sudangrass i n  pas ture  sods o r  seeding fescue or orchardgrass i n  o ld  

lespedeza o r  bermudagrass pas tures ,  or  seeding small g r a i n s ,  ryegrass and 

legumes i n  bahia and bermudagrass f i e l d s .  W i t h  few except ions ,  the bas ic  

pr inc ip le  of successful  renovation i s  t o  prevent o r  decrease  competition 

between t h e  e x i s t i n g  sod and the newly-seeded c lover  o r  grass. T h i s  

competition can be decreased by: chemical spraying of  the  e x i s t i n g  sod, 

disking o r  mechanical des t ruc t ion  of pa r t  of  t h e  sod o r ,  in the  case  of 

berrnudagrass, wait ing u n t i l  t h e  sod i s  dormant before seeding. 


T h e  advantage of having c lover  i n  fescue pas tures  i s  well documented from 
research i n  many s t a t e s .  A clover- fescue pas ture ,  from Tennessee research,  
produced a s  much gain from s t e e r s  as a comparable pas tu re  of fescue  f e r t i ­
l i z e d  w i t h  80 lbs .  of ni trogen per acre .  I n  a Tennessee cow-calf demon­
s t r a t ion ,  renovated fescue produced a three-year average of 105 pounds 
per a c r e  of c a l f  beef more than fescue a lone .  T h i s  36-acre pas tu re  was 
divided i n  ha l f  w i t h  one-half seeded w i t h  2 l b .  Ladino c lover ,  4 l b .  red 

c lover ,  and 8 l b .  Kobe lespedeza per a c r e  and f e r t i l i z e d  by s o i l  t e s t  

while the o the r  h a l f  was not renovated. The results were even more s t r i k i n g 

when fescue  a lone  was grazed with da i ry  c a t t l e  and compared t o  renovated 

(fescue-clover)  pas ture .  T h e  increase was 6 l b .  of m i l k  per cow per day

f o r  the  clover- fescue mixture over the  fescue alone. Clover-grass mixtures 

a r e  a l s o  des i red  by most horse owners, e spec ia l ly  when t h e  g rass  i s  fescue  

and they have mares w i t h  f o a l s  and young horses less than two y e a r s  old.  


Fescue i s  the major pas ture  p l a n t  i n  Tennessee, comprising about 5 mil-

l i o n  a c r e s ,  and l e s s  than l mil l ion  acres  have a n  accep tab le  c lover  

content  of 30 percent  or  more. This shows t h e  need for  more c lover  i n  

Tennessee pastures (2-4-8, Let's Renovate). 


Now, back t o  the  sub jec t  of n o - t i l l  pasture renovation.  

Some of the  e a r l y  work on n o - t i l l  renovation was done i n  Tennessee by 
Henry F r i b o u r g  e t  a1 (1) of the  Plant  and Soi l  Science s t a f f  i n  1957. 
Henry used a d isk  and a l s o  the chemical dalapon t o  k i l l  p a r t  of a heavy
stand o f  fescue before seeding c lover .  He found t h a t  an adequate s t a n d  
of clover could be obtained i f  the  fescue competition were reduced by

e i t h e r  method i n  f a l l  o r  spr ing.  


Joe Burns i s  Forage S p e c i a l i s t ,  Extension P l a n t  and Soil Science Section,  

The University of Tennessee, Knoxville, Tennessee. 
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S t r i p s  of fescue  were sprayed w i t h  dalapon ranging from 36-inch wide 

a l t e r n a t e  s tr ips down t o  9-inch sprayed s t r i p s  w i t h  14-inch unsprayed 

bands. The 9-inch sprayed strips with 14-inch unsprayed bands  resul ted  

i n  t h e  most d e s i r a b l e  combination of fescue and c lover  a f t e r  broadcast 

legume seeding. 


Some subsequent work i n  Tennessee and Alabama has shown t h a t  the  applica­
t i o n  of an i n s e c t i c i d e  i s  needed f o r  f a l l  c lover  seedings because of 
i n s e c t  damage t o  the seedlings.  Winter seedings do  not  seem t o  have the 
insect damage observed i n  f a l l  p lant ings  and the re fo re  no i n s e c t i c i d e  i s  
suggested. In genera l ,  i n  Tennessee, winter and e a r l y  s p r i n g  seedings 

(February and March) have been more successful than f a l l  o r  la ter  s p r i n g 

seedings.  


Research by Taylor, Smith and Templeton ( 2 )  i n  Kentucky showed 10 t o  20 

percent  g r e a t e r  number of c lover  p lan t s  a f t e r  spraying paraquat i n  4-inch 

strips over a treatment consis t ing  of  c lover  seeded i n  rows i n  Kentucky

bluegrass p l o t s ,  i n  th ree  of  f i ve  t r i a l s .  Also, the  c lover  p l a n t s  were 

20 percent  l a r g e r  a f t e r  60 days f o r  two March seedings. 


In l a t e r  research i n  Tennessee by Fribourg, Je f fe ry  e t  a1 (3 and 4 ) , 

Paraquat,  Roundup, Dalapon and d i s k i n g  treatments were used t o  suppress 

fescue a t  time of clover seeding. The c lover  was seeded i n  8- inch rows 

on one-half of  each p l o t  and broadcast on the other h a l f .  All chemicals 

were sprayed i n  4-inch bands and the re  was one broadcast treatment of 
paraquat.  Paraquat resul ted  in the  quickes t  browning o f  the fescue ,  
w i t h  Roundup and Dalapon having slower e f f e c t s .  The disking treatment 
had a 20 t o  25 percent lower y i e l d  than the paraquat t reatment i n  4-inch 
a l t e r n a t e  bands f o r  two seeding da tes  i n  l a t e  February and e a r l y  March. 

D i s k i n g  t o  k i l l  about 50 percent  of the  fescue a l s o  slowed the growth of 

the remaining grass  and resul ted  i n  lower y i e l d s .  The c lover  e s tab l i sh­

ment and growth were about the same in the chemical and d i s k i n g  t r e a t ­

ments. When seeded i n  l a t e  February and  e a r l y  March, t h e  growth of 

c lover  seeded broadcast was equal t o  t h a t  of c lover  seeded i n  rows w i t h  

a z i p  seeder ,  when the  y i e l d s  were taken i n  e a r l y  June. From mid-March 

t o  mid-April, there was a trend toward b e t t e r  s t ands  when the  seed was 

p u t  i n  rows i n  the soi l  a s  compared t o  broadcast seedings.  


Clover seeded i n  fescue i n  l a t e  February and e a r l y  Parch by any method 

and a l l  chemical o r  mechanical t reatments produced more growth and had 

b e t t e r  s tands  than t h a t  seeded i n  l a t e  March and Apr i l .  


Several researchers  have reported t h a t  i t  i s  e a s i e r  t o  maintain c lover  

w i t h  fescue i f  the  fescue  is  seeded i n  rows. W i t h  this information, i t  

i s  easy t o  r e a l i z e  t h a t  t h e  spraying of a chemical i n  a l t e r n a t e  bands 

t o  k i l l  o r  suppress fescue  f o r  a couple of yea rs  would be p u t t i n g  fescue 

i n  rows. This would allow the  c lover  t o  have the physical area  between 

bands f o r  growth without heavy competition from the fescue .  Also, as h a s  
been repbr ted ,  the  fescue i n  the  unsprayed bands i s  not reduced i n  v i g o r
and can supply much needed forage i n  ea r ly  s p r i n g .  When this fescue 
growth is  removed by grazing,  competition i s  f u r t h e r  reduced, trampling
and grazing damage t o  the young c lover  seedl ings  (one animal u n i t  per 
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a c r e )  a r e  minimal. I t  has a l s o  been observed t h a t  n i t r o g e n  f e r t i l i z a t i o n  

of a pas ture  renovated by band spraying suppl ies  e a r l y  season growth w i t h -

out causing excessive competition, i f  grazed t o  a s tubb le  height  of 2 t o  

3 inches. 


Some of t h e  advantages of n o - t i l l  or  minimum-till pasture renovation a r e :  


I .  	 Heavy s tands  of fescue can be e a s i l y  renovated, the paraquat
does a n  exce l l en t  j o b  o f  "suppressing" the  fescue  i f  the  grass
is green. 

11. 	 The soil  su r face  remains smooth; d i s k i n g  leaves the pasture

rough. 


111. 	 Rocky a reas  can be sprayed w i t h o u t  b r i n g i n g  more rock t o  t h e  

surface .  


IV. Wet soi ls  can be sprayed before they a r e  dry enough f o r  disking.  


V .  	Fescue can be p u t  i n  rows by k i l l i n g  o r  suppressing a l te rna te  

bands ,  allowing more space i n  k i l l ed  areas  f o r  c lover  growth.  


VI.  	 Unsprayed bands of fescue produce higher y i e l d s  per a c r e  f o r  

the  f i r s t  60 t o  90 days a f t e r  spraying a l t e r n a t e  bands than 

s i m i l a r  areas  i n  a pasture which were disked t o  k i l l  about 50 

percent of a th ick  stand of fescue.  


V I I .  	 Soi l  erosion i s  l e s s  even t h o u g h  erosion i s  only s l i g h t  w i t h  

t h e  disking method because a 59 percent  s tand of fescue  shou ld  

remain a f t e r  d i s k i n g .  


Disadvantages : 

I .  	 With t h i n  fescue s tands ,  only s l i g h t  d i s k i n g  would be needed. 
A 50 percent  k i l l  of exist ing g rass  by spraying would be 
excessive.  

11. 	 The  grass must be green before paraquat is e f f e c t i v e ,  the re fo re ,  

seeding m i g h t  be delayed i n  some a r e a s  during February. 


111. Most farmers have machinery t o  renovate by the d i s k i n g  method. 


The quest ion now a r i s e s ,  what i s  a p rac t i ca l  method of n o - t i l l  renovation? 

( 5 )  


SPRAY-SEED OR ZEBRA METHOD 


a .  	 Spray 10-inch a l t e r n a t e  bands w i t h  a boom sprayer  a n d  broadcast the 

seed w i t h  a cyclone seeder ,  gra in  d r i l l  o r  cu l t ipacker  seeder ,  e t c .  

Most of the  boom sprayers have nozzle openings a t  20-inch i n t e r v a l s .  

The fan  spray t i p  can be turned, in order t o  only spray a 10-inch band. 




b.  	 Spray 4- t o  5-inch a l t e r n a t e  bands with one of  severa l  machines 
which places the seed i n rows i n the so i l .  P o w r t i l l , Z i p Seeder, 
Pasture Pleaser ,  Bett ison D r i l l ,  e t c .  

c .  	 Use 1 quar t  of  paraquat per sprayed ac re  (one-half area sprayed = 
1 pint/A) i n 20 t o 40 gal lons of water.  Add 8 0z. of Ortho X-77 
per 100 gal lons  o f  spray so lu t ion .  

* * * *  

Regardless of the  method used, a j i n g l e  w h i c h  i s  used i n  Tennessee t o  
emphasize renovation i s :  

SPRAY OR DISK PASTURES - SEED THEM FAST 
PUT SOME CLOVER - IN THAT GRASS! 
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University of Georgia


College of Agriculture Experiment Stations 

From the cool  ruggedness  of  the northern p iedmont to the f lat  sandy 
Coasta l  P la in  to  the semit rop ical  southern reg ion,  Georg ia i s  a  s tudy in  
geographical and climatological contrasts. Since each area of Georgia presents 
different problems to her farmers, regionalized agricultural research is necessary. 
To meet this need, the statewide direction and outreach of the University of 
Georgia College of Agriculture Experiment Stations was planned to place research 
information of a regional nature only a short driving distance away from 
any point in the state. The Experiment Stations and their locations are indicated 
below: 
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