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THE DISTINGUISHED SERVICE AWARD in Agricul­
ture was presented by Dr. Duane Acker (left) Presi­
dent of Kansas State University, to Dr. R.E. Wagner, 
President of PPI and FAR. 

The award recognizes individuals who have made 
outstanding contributions to a professional field 
or in public service related to agriculture. 

The article which follows is adapted from Dr. 
Wagner's statement at the time of the Kansas State 
University awards luncheon. 

What Now for American Agriculture? 
By R . E . Wagner 

Maximum economic yield (MEY) management holds opportunity for farmers who 
intend to stay in business.  

M E E T I N G T H E F O O D N E E D S o f an increasing global popu la t ion has been and 
remains a challenging and noble goal . For much o f the w o r l d , the problem is the 
inab i l i ty to pay fo r f o o d or to distr ibute i t to those who need i t most. 

The great need is f o r lower uni t costs o f p roduc t ion so farmers can make money 
at market-clearing levels, wh ich even developing countries can a f f o r d as they w o r k 
to feed their people better. 

There is l ike l ihood o f long-term global pressures on f a r m commod i ty prices. I f 
so, U.S. farmers w i l l have to learn to compete i n a sustained low price economy.. .where 
there w i l l be a high p remium on sound management practices. 

More Exports an Imperative 
A n imperative i n Amer i can agriculture is that we regain a greater share o f the ex­

por t market . Near ly two out o f f ive crop acres i n the Uni ted States depend on i t . We 
need a f i r m commitment to exports through nat ional pol icy and practice. 

Repeated and ill-advised embargoes, the high value o f the U.S. dollar, h igh interest 
rates, and h igh loan and target prices have been devastating to U.S. agricul tural ex­
por ts . . .d ropping f r o m $43.8 b i l l i o n i n 1981 to a projected $33.5 b i l l i o n i n 1985. Net 
f a r m income dur ing that same per iod dropped f r o m $31 b i l l i o n i n 1981 to a projected 
$20 b i l l i o n i n 1985. I n the past decade to ta l U.S. f a r m debt rose by 193%. 

Market-Clearing Prices Needed 

Competitive "market-clearing" pricing of U.S. farm products would be the big­
gest help to our export dilemma. For example, August 1985 in ternat ional commodi ­
ty prices showed U.S. rice price was 105% above that o f competitors; wheat price 
was 30% higher; cot ton 19%; corn 17%; and soybeans 7%. 

Improvement i n the U.S. price-competitive pos i t ion w i l l no t happen w i t h acreage 
restrictions nor w i t h h igh loan and target prices. There is the argument that the U.S. 
wou ld be better advised to use subsidies or credits to b u i l d its markets rather than 
to control product ion . (continued on next page) 

Dr. Wagner is President of the Potash & Phosphate Institute (PPI) and the Foundation for Agronomic 
Research (FAR), Atlanta, GA. 
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I n a fiercely competit ive market , h igh price won ' t sell. Neither is i t good f o r eco­
nomical ly depressed economies where f o o d needs are greatest. 

M E Y . . . Its Low Unit Costs 

W h a t opt ions do farmers have? Yes, they can become more e f f ic ien t even at cur­
rent yield levels. But that won' t be enough, given the coming keen compet i t ion among 
al l components o f g lobal agriculture. A m e r i c a n farmers need the k i n d o f giant step 
that h igh yields can give to cost effectiveness i n agriculture. 

The one op t ion that is most logical and perhaps the only one f o r much o f the w o r l d 
is to move to m a x i m u m economic y ie ld ( M E Y ) agr icu l tu re . . . w i t h its low unit cost 
hal lmark . The abi l i ty to yie ld economic highs i n crop p roduc t ion w i l l be crucial . 

What Is M E Y ? 

W h a t do we really mean by M E Y ? I t is s imply that yie ld wh ich gives the highest 
possible net return per acre or per hectare. I t is a specific point on the yield c u r v e . . . not 
jus t any h igh yie ld which migh t or migh t not maximize returns. I t happens that M E Y 
is usually very close to m a x i m u m . . . w i t h i n 5 or 1 0 % . . . but never m a x i m u m . M a x i ­
m u m is f o r research. Economic m a x i m u m is f o r farmers. 

H i g h y ie ld levels drop un i t costs so farmers can produce a bushel or a t o n o f corn 
or wheat or soybeans at least cost. 

High Yields, Low Unit Costs G o Hand in Hand 

A n impor t an t po in t to be made is that M E Y does not mean low input cost per 
acre. I n fact i t usually means higher per acre costs because high yields to the m a x i m u m 
economic level can require more fertil izer and other inputs than most farmers now use. 

The Magic of Biotechnology 
The research component o f A m e r i c a n agriculture has had the at tent ion o f the 

world 's scientific c o m m u n i t y f o r years. Recently the strength o f that research was 
brought in to question as publ ic f u n d i n g declined and w i t h i t , perhaps, some fuzz ing 
o f the focus o n problems and opportuni t ies i n p roduc t ion agriculture that are o f 
economic significance to farmers. 

The magic o f biotechnology has caught agriculture's a t tent ion. Because i t focuses 
on the single cell, whether plant , an imal or microorganism, i t has exciting potent ial . 
In-place commi tment by agribusiness already is a m u l t i b i l l i o n dol lar investment. 

M a n y argue that agr icul tural research has been i n the business o f biotechnology 
since its i n c e p t i o n . . . admittedly, w i t h less sophistication o f methods and techniques. 
Scientists caut ion that much o f the p a y o f f f r o m the "new" biotechnology w i l l be long 
term, par t icu lar ly i n the engineering o f the genetics o f higher plants. 

The M Y R Opportunity 
Meantime, though, farmers are hu r t ing . Research other than that i n the modern 

biotechnology sense has the potent ia l to make a positive difference i n a relatively 
short t ime w i t h l i t t le or no inpu t f r o m the "new" biotechnology. I speak o f the maxi­
mum yield research ( M Y R ) oppor tun i ty . The goal is to establish yie ld potent ial o f 
agr icul tural areas o f the w o r l d and to get the k i n d o f data f r o m which f u l l response 
curves can be drawn. The curves can be used to i d e n t i f y the po in t o f m a x i m u m eco­
nomic y ie ld or other points below M E Y that migh t be useful f o r one w i t h l imi ted 
resources bu t who wants to take the f i r s t step o n his way to M E Y . 

I n jus t 5 years, m a x i m u m yield researchers have compi led an impressive record 
reaching 338 b u / A o f corn , 118 b u / A o f soybeans, and 182 b u / A o f wheat. These 
levels are three times the U.S. averages.. .more than that i n the case o f wheat. 

Such yields are neither accidents nor freaks. They can be put back to back. New 
Jersey researcher Dr . Roy Flannery. . .a real pioneer i n M Y R . . .achieved a 5-year 
average o f 307 b u / A o f corn . Truly, these are super yields. 

The U.S. no longer has a m o n o p o l y o n M Y R / M E Y . I n fact, the most exciting part 
o f the M E Y movement i n many ways is the acceptance i t is gett ing i n developing 
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nations. P P I and FAR are fund ing M Y R or are otherwise involved w i t h M E Y i n China, 
Brazi l , Ind ia , Phil ippines, Peru, Ecuador, Bangladesh, Indonesia, and Malaysia. 
Brazi l , f o r example, is mak ing real progress. Researchers report yields o f corn and 
wheat that are f ive times the average. 

Positive Interactions Among Components of the M Y R Package 

A fundamenta l objective o f m a x i m u m yield research is to b u i l d systems i n which 
components o f an integrated package o f management practices interact positively. 
Key components o f these mul t id isc ip l inary systems go far beyond plant nutrients 
(major, secondary, and micronutrients) to include such things as genetics or varieties, 
pesticides and other chemicals, l ime, tillage and residue management, plant spacing 
and popula t ion , timeliness o f operations, fert i l izer placement and water manage­
ment. Indeed, much more than i n the days o f lesser yields, fai lure to use the " to ta l 
package" approach at favorable input levels i n research opens to question the val idi ty 
o f the results. 

Positive interactions occur when the response to two or more inputs used together 
is greater than the sum of their individual responses. 

Dr. G.W. Cooke, recently retired chief scientific o f f i c e r o f Britain 's Agr i cu l t u r a l 
Research Counc i l , says i n his book Fertilizing for Maximum Yields: " I n a highly 
developed agriculture large increases i n yield potent ial w i l l most ly come f r o m inter­
act ion effects. Farmers must be ready to test a l l new advances that may raise yield 
potentials o f their crops and be prepared to t ry combinations o f two or more practices." 

More Basic Research 

As M Y R progresses, i t becomes more apparent that basic studies w i l l be needed 
to unravel some o f the mysteries to yie ld barriers. Biotech w i l l help. Physiological 
studies o f metabolism and nutrient and f o o d transport i n the dynamic system o f rapid­
ly growing plants have moved to h igh p r i o r i t y as those plants are pressured to grow 
and produce at levels unheard o f only a decade ago, or even f ive years ago. 

With the vast changes taking place above ground in the physiology of plants in 
high yield environments, much needs to be learned about what is going on under­
ground. 

Technology Transfer at Work 

Another deterrent to st i l l more rapid farmer adopt ion o f M E Y is that too many 
feel i t can be done by academics on small research plots, but not practically and eco­
nomical ly by farmers. I n some ways this is the greatest barrier o f a l l . I t w i l l take a 
lo t o f w o r k i n g w i t h farmers to show them how much better o f f they can be and to 
help them understand what is involved i n the system and to get them convinced and 
comfor table w i t h i t . 

I n 1980, N o r t h Carol ina State Universi ty (wi th encouragement and some f inancia l 
assistance f r o m P P I and F A R ) launched a m a x i m u m yield research study w i t h corn, 
later including soybeans and wheat. Results have been so exciting that they are anxious 
to transfer them directly to the f a r m , and have just started to do that. 

The unique feature o f this program is that recommendations i n the delivery sys­
tem w i l l be based on maximum yield research results. They w i l l not be burdened w i t h 
an over- infusion o f results f r o m average-yield studies, which can be o f questionable 
value or even highly misleading. Recommendations w i l l be i n constant update and 
f ine tuning as the ongoing research phase generates new and better f indings . 

The one thing that does stand out and seems clear is that agriculture of the future 
must embrace M E Y . Whether there are crop surpluses, or whether food is in short 
supply; whether we will get export markets re-opened to the U.S. , or whether we let 
our position erode further; whether agriculture is controlled and subsidized, or 
whether it returns to the private enterprise system; or whether it all ends up some­
where in between.. .1 submit that M E Y is the essential ingredient for farmers who 
intend to stay in business. • 
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Implementing Maximum Economic 
Yield (MEY) Systems 

This unique workshop served as a forum to bring together information and ideas 
to implement maximum economic yield systems.  

M O R E T H A N 200 crop consultants, indust ry and university agronomists, profes­
sional f a r m managers, agr icul tural economists and others recently part icipated i n 
a special workshop on " Implement ing M a x i m u m Economic Y i e l d ( M E Y ) Systems." 
The program i n St. Louis , Missour i , attracted individuals f r o m 26 states, Canada, 
and Mexico. 

The three-day meeting (November 12-14) was designed as a working session i n which 
participants analyzed actual f a r m situations, considered management alternatives 
that might increase prof i t s , and developed hypothetical , composite plans. Computer 
programs aided i n projec t ing the outcome o f various plans. 

The workshop was sponsored by the Potash & Phosphate Inst i tute (PPI ) and the 
Foundat ion f o r A g r o n o m i c Research (FAR) . Dr . H a r o l d F. Reetz, Jr., P P I Southcen-
t ra l Director, served as coordinator. 

"This workshop represents a m a j o r milestone i n moving the m a x i m u m economic 
yield phi losophy in to act ion," emphasized Dr . R.E. Wagner, President o f P P I and 
F A R . "We've gathered research i n f o r m a t i o n and experience w i t h m a x i m u m yield 
research f o r more than f ive years. N o w we're beginning to implement management 
systems that w i l l help farmers make a p r o f i t by keeping unit cost of production low." 

Format f o r the meeting included general sessions w i t h presentations by specialists 
i n various subject areas. Smaller group sessions allowed more t ime f o r discussion 
and strategy planning. Fo l lowing are some key comments f r o m speakers dur ing the 
program. 

• Dr. Steve Sonka, University of Illinois agricultural economist: 
"In terna t iona l economic trends and forecasts o f fu tu re condit ions mandate that 

farmers adapt their management systems to be prof i table . The m a x i m u m economic 
yield approach is an appropriate par t o f the strategic management philosophy. I t 
of fers an impor t an t oppo r tun i t y f o r producers to more effect ively manage f o r the 
fu ture . " (See related article on page 8 o f this issue.) 

• Dr. Robert G . Hoeft, University of Illinois agronomist: 
" A m a x i m u m economic yield system supplies ni t rogen (N) to the corn plant i n the 

correct f o r m , at the t ime needed, and at the proper rate. Higher yields are possible 
only when good N management is combined w i t h improvements i n a l l phases o f the 
p roduc t ion system." 

• Dr. Dave Mengel, Purdue University agronomist: 
"Potassium (K) management i n m a x i m u m economic y ie ld systems requires some 

work . Soil testing is s t i l l the key, but we may want to l ook at more than the exchange­
able K level o f the p low layer. Ca t i on exchange capacity (CEC) w i l l provide insight 
in to the m o b i l i t y o f K . Sampling deeper i n the p ro f i l e i n low C E C soils w i l l tel l i f 
K may be accumulat ing i n areas other than the tillage zone." 
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SMALL GROUP sessions such as this one during the workshop gave participants the opportunity to 
consider alternative management plans. 

• Mr. Don Griff i th, Purdue University agronomist: 
"The til lage system can have a m a j o r effect o n m a x i m u m economic yie ld . B o t h 

output (yield) and input (cost) factors i n the net p r o f i t equat ion o f t en change when 
farmers switch f r o m conventional to very reduced tillage systems such as n o - t i l l or 
ridge plant ." 

• Mr. Marty Thornton, Vice President and Senior Farm Manager, Peoples Bank 
of Bloomington, Bloomington, Illinois: 

"Whi l e the 'cutback' approach to f a r m management has received much at tention, 
lenders and f a r m managers must l o o k closely at cash f l o w and return on investment. 
Managing f o r m a x i m u m economic yield encourages the positive interact ion o f i n ­
puts which can increase the cash generated f r o m a f a r m . " 

• Dr. Fred Welch, University of Illinois agronomist: 
"There w i l l always be risks i n crop product ion , but the grower can reduce some 

risks th rough management. The immobi l e nature o f P and K allows them to be bu i l t -
up i n soils by addi t ion o f ferti l izer. The risk o f these nutrients l i m i t i n g crop yields 
(and prof i t s ) can be reduced to a low level." 

• Mr. Waddy Garrett, Alliance Agronomics, Mechanicsville, Virginia: 
" A ferti l izer/chemical dealer faces three m a j o r challenges i n put t ing intensive f a r m 

management in to practice. First, he must i d e n t i f y the requirements fo r a successful 
program. Second, he must have the proper resources to implement the program. Th i rd , 
the value o f the program must be established w i t h farmer-customers." 

• Mr. Ron Olson, Top-Soil Testing Service, Frankfort, Illinois: 
"Integrat ion is the key to mak ing m a x i m u m economic yield systems work . Tha t 

means f o l l o w i n g a def ini te p lan to b r ing together the many components o f crop 
product ion. This process is as unique as each ind iv idua l f a r m is unique. I t takes desire 
and e f f o r t on the part o f the farmer and those w o r k i n g w i t h h i m to implement maxi ­
m u m economic yield management." • 
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Strategic Management and 
Maximum Economic Yield (MEY) 

By Steven T. Sonka and Steven L . Hofing 

Tomorrow's farmer, even more than today's, will need an adaptable management 
system for profitability. The maximum economic yield (MEY) approach has growing 
importance in that environment. 

T O D A Y ' S A G R I C U L T U R A L E C O N O M Y is undergoing a per iod o f severe f i nan ­
cial stress. There are many causal factors that have cont r ibuted to these problems, 
inc luding the rapidly changing economic condit ions facing agr icul tural producers. 
Indeed analysis o f our agr icul tura l condit ions over the last 50 years shows a relative­
ly steadily increasing level o f uncertainty and volat i l i ty w i th in the agricultural economy. 

A l t h o u g h these rap id changes have been iden t i f i ed as contr ibutors to our f a r m 
problems, there has been much less recognit ion o f the relationship between chang­
ing economic conditions and the appropriate management style that indiv idual f a r m ­
ers need to adopt. This article has two objectives: 

• To explore the concept o f strategic management as i t relates to agr icul tural 
management i n turbulen t times and 

• To consider the M a x i m u m Economic Yie ld ( M E Y ) concept as a specific response 
consistent w i t h the need f o r more effective management styles i n f a rming . 

What is Strategic Management? 

Strategic management is the process o f managing a f i rm ' s relationship w i t h its en­
vironment. Instead o f focusing solely on the f i rm's internal practices, strategic manage­
ment requires that the manager consider the f i r m ' s internal practices relative to the 
external condit ions w i t h i n wh ich the f i r m is operating. Those external condit ions 
are o f t e n referred to as the f i rm ' s environment. I n this context the f i rm ' s environ­
ment includes a l l those forces — physical, social, legal, and economic —that can i m ­
pact on the f i rm ' s performance. 

A m a j o r benef i t o f the strategic management concept is its or ienta t ion to external 
events and their impact on the f i r m . Bu t this concept must no t be interpreted as i m ­
p ly ing that internal practices are un impor tan t . The overr iding theme o f strategic 
management is consistency, especially consistency o f the f i r m ' s environment and its 
p lanning, cont ro l and implementa t ion processes. 

The concept o f "environmental turbulence" is closely related to that o f strategic 
management. Turbulence refers to the changeabili ty o f a f i r m ' s operating environ­
ment. Envi ronmenta l turbulence is characterized i n two dimensions: 

1. By the speed at wh ich changes occur; 
2. By the degree o f novelty associated w i t h the changing condit ions. 

The phenomena o f an increasingly turbulent environment is occurr ing thoughout 
the economy. Indeed some scholars have successfully documented similar increases 
i n turbulence th roughout the nations o f the Western W o r l d . 

Dr. Sonka is Professor of Agriculture Economics, University of Illinois at Urbana-Champaign. Mr. Hofing 
is Managing Partner, Agricultural Education and Consulting, Champaign, IL. 
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How Does M E Y Fit? 

The m a x i m u m economic yield ( M E Y ) concept involves p r i m a r i l y operating deci­
sions. Yet adopt ion o f M E Y is a strategic decision and one o f potent ia l ly m a j o r sig­
nificance. Imp l i c i t l y a commitment to use o f the M E Y concept is a decision to pursue 
an intensive management philosophy. 

Agr icu l tu re i n the last 40 years has been rapidly proceeding th rough an indus t r ia l i ­
zat ion phase. A d o p t i o n o f inputs based on science and engineering was a key ele­
ment o f successful management. I n that environment, i n f o r m a t i o n could be delivered 
i n the f o r m o f recommendations that were appropriate fo r many producers over several 
years. Given the f inanc ia l environment, producers chose the strategy o f cont ro l l ing 
larger acreages as a means to achieve a long r u n goal o f increasing net w o r t h . This 
strategy served many producers well over the 1950's, 1960's, and 1970's. 

I f we believe that a turbulent environment is l ike ly to persist i n the future , however, 
the r ig id recommendation-based approach to management may not be desirable. 

Table 1. Results of alternative financial strategies over 
the periods 1972-77 and 1979-83.  

Initial debt- Results after 5 years of operation 
to-asset ratio Change in Average annual rate 

(%) net worth of return to equity 

1972-77 Period 
25 +13% +20% 
75 +20% +54% 

1979-83 Period 
25 + 3 % + 2 % 
75 -35% -9% 

Table 1 illustrates this concept fo r 
f inancia l management. Our goal i n 
this example was to evaluate the ef­
fect o f the leverage decision. Based 
on actual f a r m record data fo r cen­
tral I l l inois , two hypothetical farms 
were created. These f i r m s were al­
most identical . The same produc­
t i on , market ing and investment 
decisions were assumed to have 
been made on each. Only the in i t i a l 
debt-to-asset ratio was assumed to 
be di f ferent . 

The results o f this experiment f o r the 1972-77 per iod suggest that the most ap­
propriate strategy i n that per iod was to be more aggressive w i t h respect to the use 
o f debt. I f we compare those results w i t h the data f o r the later per iod, however, we 
see the importance o f matching strategies to the overall environment w i t h i n which 
the f i r m operates. The same strategy that was successful on ly a few years previously 
had disastrous consequences i n the d i f f e r i n g environmental condit ions o f 1979-83. 

I n more turbulent environments, what types o f strategies are l ike ly to be more 
successful? I n general terms, our r i g i d recommendat ion based approaches are l ike ly 
to be replaced by f lexible , adaptive strategies that can react more qu ick ly to changes 
i n the environment . The need to adopt innovat ive technologies is l ike ly to continue 
to be impor t an t . Economic goals w i l l need to be much more focused on short t e rm 
p r o f i t a b i l i t y and feasibi l i ty as wel l as longer r u n net w o r t h . Economic ef f ic iency w i l l 
be critically important but the producer's focus w i l l need to consider eff icient manage­
ment o f individual subunits o f the operation as well as the f i rm ' s overall performance. 

The M E Y concept is well-suited to this environment . The M E Y goal attempts to 
maximize expected p r o f i t s . But i n doing so recogni t ion is given to the need f o r input 
decisions to be f lexible to achieve that goal . The M E Y approach requires intensive 
management to ta i lor p roduc t ion choices to d i f f e r i n g soil condi t ions , management 
abilities, and economic condit ions. 

Conclusion 

A s the environment in which agricultural firms operate becomes more turbulent, 
management styles also must adapt. The concept of strategic management explicit­
ly considers the need for the firm to manage its relationship with its environment. 
The M E Y approach is an appropriate component to consider as a strategic manage­
ment option. A s such, it represents an important opportunity for producers to more 
effectively manage for the f u t u r e . ! 
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Adequate P and K Levels Reduce 
Doublecrop Soybean Stand Loss 

B y Fred Rhoads 

Doublecrop soybean yields are reduced by both weed competition and stand loss. 
Florida researchers encourage a combination of weed control and fertility practices 
that maximize yield and profit.  

C O N S E R V A T I O N T I L L A G E reduces 
the t ime between wheat harvest and plant­
ing doublecrop soybeans. This is impor ­
tant i n order to take advantage o f 
available soil moisture f o r seed germina­
t i o n . Conservation tillage also of fers the 
advantage o f p lant ing sooner af ter ra in­
fa l l i n comparison to situations where rain 
occurs between seedbed preparat ion and 
plant ing. 

I f weed con t ro l at p lan t ing is inade­
quate due to low rates o f preplant her­
b ic ides , a p o s t - d i r e c t e d h e r b i c i d e 
appl ica t ion is required to prevent y ie ld 
loss f r o m weed compet i t ion . Successful 
post-directed weed cont ro l depends o n 
u n i f o r m plant g rowth so there are no 
small plants to be damaged f r o m spray 
d r i f t beneath sprayer shields. 

N o n - u n i f o r m fertilizer application can 
cause n o n - u n i f o r m i t y i n plant size and 
result i n k i l l ed plants f r o m post-directed 
herbicides. I n fields where fert i l izer 
nutrients are deficient , crop plants may 
not grow large enough fo r successful weed 
cont ro l w i t h post-directed sprays. 

I n a 1985 experiment at the N o r t h 
F lo r ida Research and Educa t ion Center, 
we studied the effect o f phosphorus (P) 
and potass ium ( K ) f e r t i l i z a t i o n o n 
percent-kill o f two soybean varieties after 
post-directed Paraquat was applied to 
protect the crop. 

Under the condit ions o f this study, we 
f o u n d that stand loss w i t h h igh levels o f 
P and K was low enough that replanting 

wou ld not be jus t i f ied . However, w i t h low 
residual soil levels o f P and K , replanting 
was necessary to reduce yie ld loss due to 
poor stand. Some yield loss is expected 
because o f late p lant ing , but i t is not i n 
the range o f 6 0 % as w o u l d be the case 
w i t h a 60% stand loss plus weakened sur­
v iv ing plants. Fo l lowing are more details 
o f the experiment. 

Materials and Methods 
Two soybean varieties (Davis and 

Cobb) were planted on June 6,1985, f o l ­
lowing wheat, using a subsoiler under the 
row w i t h a row t i l l attachment. Paraquat 
(1 p t / A ) and Sur f l an (1 l b / A a.i.) were 
applied preplant to k i l l existing grass and 
weeds and cont ro l grasses whi le the crop 
was i n the seedling stage. Grass and weeds 
were no t control led. 

For post-emergence cont ro l , Fusilade 
(1 p t / A ) was applied on June 24, 1985. 
Paraquat (2 p t s /A) and Lasso (2 l b / A a.i.) 
were applied as a post-directed spray w i t h 
shields to protect the crop on July 12, 
1985. A second appl ica t ion o f Paraquat 
(2 p t s /A) was applied as a post directed 
spray on Ju ly 15, 1985. 

There were f o u r levels o f P 2 O s (0, 60, 
120, and 240 l b / A ) , three levels o f K 2 0 
(0,225, and 450 l b / A ) , and three levels o f 
M g O (0,100, and 200 l b / A ) fertilizer treat­
ments applied to the wheat i n the f a l l o f 
1984. N o ferti l izer was applied directly to 
the soybeans. 

Results 
Acceptable weed cont ro l was achieved 

after the last applicat ion o f herbicide, but 

Dr. Rhoads is a Soil Scientist located at the North Florida Research and Education Center, 
Route 3, Box 4370, Quincy, FL 32351. 
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Table 1. Effect of P 20 5 fertilization on percent 
of soybean plants killed with a post-directed 
herbicide. 

Variety 

Davis 
Cobb 

P 20 5 (lb/A) 
60 120 240 

63 
63 

46 
32 

• % killed 

33 
36 

29 
21 

the percent o f soybean plants k i l l ed was 
quite h igh i n some cases. The highest 
percent-kill occurred wi th no P and K fer­
til izer (Tables 1 and 2). The lowest 
percent o f plants k i l led occurred w i t h the 
highest fert i l izer levels o f P and K . A sig­
n i f i can t (probabi l i ty < 5%) negative 
correlat ion between % k i l l ed plants and 
fert i l izer P and K levels was f o u n d . 

Percent o f plants kil led was higher w i t h 
zero M g than w i t h 100 or 200 l b / A rate 
o f M g O . However , the lowest percent 

Table 2. Effect of K 20 fertilization on percent 
of soybean plants killed with a post-directed 
herbicide. 

Variety 
K 20 (lb/A) 

0 225 450 

0/0 killed 

Davis 
Cobb 

62 30 33 
61 37 36 

k i l led occurred at 100 l b / A f o r Davis 
variety and at 200 l b / A MgO f o r Cobb 
variety. 

Summary 

Stand loss due to post-directed herbi­
cides i n conservation tillage soybeans can 
be minimized by f o l l o w i n g a fe r t i l i ty pro­
gram that provides adequate levels o f P, 
K , and M g . The need f o r post-directed 
herbicides can be reduced by using the 
highest recommended rate o f Paraquat 
at p lan t ing . • 

THIS SOYBEAN PLOT received no phosphate or potash. 

PHOSPHATE (120 lb/A) and potash improved the stand and growth in this plot. 
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Here's How Herman Warsaw 
Produced 370 bu/A Corn Yield 

This Illinoisfarmer continues his questfor higher corn yields, learningfrom intensively 
managed plots.  

W H I L E M O S T F A R M E R S expect good yields f r o m their crops, H e r m a n Warsaw 
o f Saybrook, I l l ino is , has topped the scale w i t h a corn (grain) yie ld o f 370 b u / A . O n 
October 17,1985, a to ta l o f 433 bushels o f shelled corn (corrected to 15.5% moisture 
content) was harvested f r o m a measured 1.17 acres i n M r . Warsaw's intensively 
managed p roduc t ion area. This is considered a record f a r m yie ld f o r non-irr igated 
corn . 

I n 1975, M r . Warsaw produced a 338 b u / A yie ld o n a d i f fe ren t f i e ld , and has also 
achieved previous yields o f 312 b u / A i n 1979,325 b u / A i n 1981, and 307 b u / A i n 1982. 

The 1985 yield was produced w i t h FS H y b r i d 854, planted A p r i l 25 i n 28-inch rows 
at a rate o f 37,000 seeds per acre. Harvest popu la t ion was nearly 36,000 plants per 
acre. Harvest moisture was 22.2%. H i g h soil f e r t i l i t y levels and a favorable growing 
season were impor tan t factors i n a t ta ining the yie ld . 

Dr . H a r o l d F. Reetz, Jr., Potash & Phosphate Inst i tute (PPI ) Southcentral Direc­
tor located at Mont ice l lo , I l l ino i s , has cooperated w i t h M r . Warsaw i n recent years 
to observe and i d e n t i f y key management practices i n a high-yield system. 

"We've helped host hundreds o f visitors f r o m around the wor ld , including research­
ers and farmers who come to talk w i t h Herman Warsaw and hear his ideas. He's worked 
f o r many years to improve his crop p roduc t ion methods," Dr . Reetz points out . 

Following are some key elements of Mr. Warsaw's system. 
• The hybrid, FS 854, has some unique physiological traits ( ident i f ied i n Univer­

sity o f I l l ino i s research plots) . The hyb r id remains active w i t h photosynthesis 
longer i n the season, cont inued ni t rogen (N) uptake later i n the season, and 
its lower leaves stay green longer than several other hybrids tested. 

• Deep chisel plowing helps incorporate fer t i l izer and crop residues deeper i n 
the prof i l e . The r i ch , deep soil w i t h well-developed structure is pa r t ly natural 
and par t ly due to management practices o n the f a r m . 

• Addition of large amounts of crop residue and livestock manure has contributed 
to soil t i l t h and f e r t i l i t y levels. 

• There was good rainfall distribution — 24 inches during the 1985 growing season. 
• With the soil built up to high fertility levels, nutrients were available to meet 

crop needs. The management system and hybr id responded well. Soil tests taken 
f r o m the top 10 inches on August 6, 1985, showed the f o l l o w i n g results: 

phosphorus ( P ^ - 161 l b / A 
potassium ( K ) - 800 l b / A 

p H - 6.0; l ime index 6.5 
organic matter - 5.3% 

magnesium ( M g ) - 871 l b / A 
calc ium (Ca) - 4,850 l b / A 
cat ion exchange capacity (CEC) - 23 
sulfate (S) - 35 p p m (parts per m i l l i o n ) 

zinc (Zn) - good 
i r o n (Fe) - good 
bo ron (B) - good 
copper (Cu) - good 
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The graph above shows M r . Warsaw's top yields fo r the past f i f t e e n years f r o m 
intensively managed plots. 

M r . Warsaw currently has about 20 acres o f continuous corn i n his intensive manage­
ment system. 

" W i t h current technology, it's not advisable to attempt such an intensive system 
on a large acreage," Dr. Reetz notes. "Bu t by concentrating e f fo r t s on a small acreage 
we can learn impor tan t responses to the management system and adapt this i n fo r ­
ma t ion to increase yields and prof i t s on larger acreages. K n o w i n g that these super 
yields are possible provides incentive and confidence to set higher yield goals on other 
f ields." 

C o r n yields fo r the entire Warsaw f a r m averaged about 200 b u / A f o r 1985. M r . 
Warsaw says that higher yields per acre help to reduce the cost o f each bushel produced. 
Fol lowing is a summary o f his costs f o r the 370 b u / A test p lo t . 

Costs (per acre) on high yield plot: 

Fertilizer program —$201.05 
Limestone — 10.42 
Herbicide/Insecticide — 39.10 
Seed - 26.72 
Field operations, including harvesting and drying — 186.50 

Total out-of-pocket costs $463.79 

Based on the f igure o f $463.79 per acre, the out -of-pocket cost per bushel f o r the 
370 b u / A yield averages only $1.25: ($463.79 4- 370 bu = $1.25 per bushel). 

This f igure does not include a charge f o r l and . However , assuming a rate o f $130 
per acre, the p roduc t ion cost w o u l d to ta l $593.79: ($463.79 + $130 = $593.79). 
W i t h this to ta l cost per acre, the p roduc t ion cost per bushel f o r the 370 b u / A yield 
w o u l d be $1.60: ($593.79 + 370 = $1.60 per bushel). • 
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In Western Oregon 

Maximizing Wheat Yields 
Requires Integrated System 

By Neil W. Christensen 

A detailed management plan is essentialfor maximum economic yields of winter wheat 
without irrigation in the Pacific Northwest.  

N O N I R R I G A T E D W I N T E R W H E A T 
yields o f 120 to 140 b u / A are c o m m o n i n 
the Wil lamet te Valley o f western Oregon. 
Yields as h igh as 180 b u / A have been 
measured i n experimental plots. These 
yields are possible because o f m i l d , wet 
winters and d ry summers, bu t require a 
h igh level o f management. Top yields re­
quire deep, well-drained soils, h igh levels 
o f available nutrients, and an absence 
o f weed and disease problems. Yields 
approaching 140 b u / A are most readily 
achieved where winter wheat fo l lows a 
vegetable or clover crop since residual fer­
t i l i t y levels are h igh and disease problems 
are min imized . 

N o t a l l growers have the o p t i o n to ro­
tate wheat w i t h vegetable or clover crops, 
however. This complicates crop manage­
ment since weed and disease cont ro l is 
more d i f f i c u l t and the requirements f o r 
fert i l izer nutrients may increase. 

Disease con t ro l is essential f o r max i ­
m u m yields. M a j o r diseases wh ich may 
l i m i t yield include cercosporella foot - ro t , 
stripe rust, Septoria, and take-all root rot. 
Septoria and stripe rust diseases are con­
trol led p r imar i ly through the use o f resis­
tant cultivars. Fungicides are used to 
control cercosporella and may also be used 
to cont ro l Septoria and stripe rust when 
host resistance to these diseases fails . 

N o fungicides are available fo r the con­
t r o l o f take-all. This disease must be con­
t ro l led using a combina t ion o f cul tura l 
and fert i l izer management practices. 

Plant nutrients w h i c h l i m i t winter 
wheat yield i n western Oregon include 
ni t rogen (N) , phosphorus (P), su l fu r (S), 
and sometimes potassium ( K ) . Ni t rogen 
is the most l imi t ing nutrient, and fertilizer 
N requirements commonly range between 
80 and 220 lb N / A . This wide range i n N 
fert i l izer requirement reflects not on ly 
differences i n yield potential based on soil 
depth and drainage, but also the impact o f 
cropping history on mineralizable soil N . 

Soil tests f o r inorganic N or organic 
matter are o f l i t t le value i n predicting 
mineralizable soil N . 

Data i n Table 1 illustrate the effect that 
differences i n available soil N and N fer­
t i l izer use ef f ic iency have on the amount 
o f fertilizer N required to maximize yield. 
M a x i m u m yields ranged f r o m 65 to 123 
b u / A and required f r o m 83 to 206 lb fer­
t i l izer N / A . Note, however, that the 
highest y ie ld (123 b u / A ) was obtained 
w i t h only 85 lb fertilizer N / A . Eighty-nine 
percent o f the var iabi l i ty i n the quant i ty 
o f fert i l izer N required to maximize yield 
at these eight sites could be explained by 
differences i n soil N and N fertilizer-use 

THE AUTHOR is shown at left, 
observing wheat research plots 
with Dr. T.L. Jackson, Professor 
Emeritus of Soil Science, Oregon 
State University. 

Dr. Christensen is Associate Professor of Soil Science, Oregon State University, Corvallis. 
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Table 1. Maximum N fertilizer rates and grain yield as influenced by available soil N and N 
fertilizer-use efficiency. 

Maximum N ratef 
Exptl. 
site 

Previous grain for max. Available* N fertilizer Total N Exptl. 
site crop yield yield soil N use efficiency required 

bu/A -lb/A % lb N/bu 
A wheat 90 122 69 53 2.1 
B wheat 106 149 67 68 2.0 
C wheat 102 206 57 71 2.6 
D wheat 102 196 45 55 2.4 
E wheat 80 205 25 56 2.9 
F ryegrass 65 170 54 44 3.5 
G fallow 116 83 107 62 1.6 
H clover 123 85 116 55 1.6 

f N rates for maximum yield average 12% higher than N rates for maximum economic yield. 
^Defined as N recovery in straw and grain for unfertilized check. 

eff ic iency. The to ta l quant i ty o f N re­
quired to produce a bushel o f sof t whi te 
wheat ranged f r o m 1.6 lb N / b u on deep, 
well-drained sites w i t h l i t t le plant disease 
to 3.5 lb N / b u on a shallow, poor ly-
drained site. 

W h e n wheat fo l lows wheat, take-all 
o f t e n l imits yield and growers must be 
concerned not only w i t h fer t i l izer rate, 
but also w i t h the f o r m o f N ( N H 4

+ or 
N 0 3 ~ ) applied. Summary data i n Table 
2 i l lustrate the effect that soil p H and N 
f o r m can have on take-all severity and 
grain y ie ld . 

Yield data regressed on take-all severity 
gave the f o l l o w i n g relat ionship: Grain 
yield (bu/A) = 140 - 6.7 (infected crown 
roots), R 2 = 0.86. 

Our predictive equation indicates that 
grain yield at this site was reduced by 6.7 
b u / A f o r each addi t ional c rown root per 
plant which was infected w i t h take-all on 
M a y 30. The intercept value suggests that 

Table 2. Soil pH and N form effects on take-all 
root rot severity and grain yield. 

Take-all 
infected 

Grain crown 
Soil Spring N yield roots/plant 
pH sourcet bu/A on May 30 

6.5 NH4NO3 71 10.2 

or NH4CI 94 6.8 

5.5 NH4NO3 94 7.1 

(NH4),S0, 
or NH4CI 114 4.5 

tTopdressed at 160 lb N/A on March 6. 

our yield goal f o r this site (140 b u / A ) was 
r ight on target. 

Plant diseases and large quantities o f 
residue f r o m the previous crop o f t e n i m ­
pose stress on plants and increase the need 
f o r P and S fe r t i l i za t ion as we l l . One o f 
the management practices to reduce take-
all is to delay plant ing un t i l late October. 
This means that winter wheat is being 
planted i n cold, wet soils. We have f o u n d 
that regardless o f P soil test level, 40 to 
50 lb P 2 0 5 / A must be banded w i t h the 
seed to maximize yield o f winter wheat 
sown under these condi t ions . The large 
quantities o f crop residue (5 to 6 t o n s / A ) 
encountered when wheat fo l lows wheat 
or grass seed crops provide the potent ia l 
to immobi l ize s ignif icant quantities o f S 
as wel l as N . Under these condi t ions , S 
fer t i l izer requirements increase f r o m 10 
lb S / A to 25 lb S / A w i t h the appl icat ion 
split between f a l l and spring. Where soil 
tests indicate a need f o r K , 30 to 40 lb 
K 2 0 / A as KC1 is banded w i t h the seed at 
p lan t ing . 

Summary 
Maximizing yield of winter wheat in 

western Oregon requires close attention 
to detail. It involves consideration of yield 
potential set by soil depth and drainage, 
probability of disease, disease control op­
tions, and fertilizer nutrient requirements 
across a wide range of soil and cropping 
conditions. Success depends upon de­
velopment of integrated "packages" of 
management practices which consider 
not only the present crop but also other 
crops which may be grown in rotation. • 
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R.R. Johnson Elected Chairman, 
C.C. Williams Vice Chairman of 

PPI and FAR Boards of Directors 
M R . R . R . J O H N S O N , Executive Vice President of Agrico Chemical 

Company, and Mr. C . C . Williams, Senior Vice President, Marketing, Fer­
tilizer Group, of International Minerals & Chemical Corporation ( I M C ) 
have been elected Chairman and Vice Chairman, respectively, of the 
Potash & Phosphate Institute (PPI ) Board of Directors. Mr. Johnson also 
serves as Chairman of the Foundation for Agronomic Research ( F A R ) 
Board of Directors, and Mr. Williams as Vice Chairman. 

I n welcoming the new leaders, Dr. R . E . Wagner, President of P P I and 
F A R , also expressed sincere appreciation for the dedicated service of out­
going Chairman, Mr. Douglas J . Bourne, and other Board members whose 
terms were recently completed. 

Mr. Johnson served as Vice Cha i rman o f the two Boards dur ing the previous year. 
He has served on the P P I Board o f Directors since 1977 and was Cha i rman o f the 
Finance Committee. A n A g r i c o employee since his graduat ion f r o m the Universi ty 

Mr. R.R. Johnson Mr. C.C. Williams 

Chairman, Board of Directors Vice Chairman, Board of Directors 
Potash & Phosphate Institute Potash & Phosphate Institute 
Foundation for Agronomic Research Foundation for Agronomic Research 
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o f Missour i i n 1950, M r . Johnson served i n various func t ions i n f i e l d and middle 
management pr io r to being elected a Vice President i n 1972. He was promoted to 
Senior Vice President i n 1975. I n 1979, he became Executive Vice President o f Agr i co 
Chemical Company, one o f the Wi l l i ams Companies. 

A native o f Co lumbia , Missour i , M r . Johnson is a member o f the boards o f Crop 
Produc t ion Services, Inc., Phosphate Rock Expor t Associat ion, and Phosphate 
Chemical Expor t Associat ion. He is also a counci l member o f the In ternat ional 
Fertilizer Indust ry Associat ion ( I F A ) and Cha i rman o f the Farm Policy Commit tee 
o f the Fertilizer Institute ( T F I ) . M r . Johnson also serves on various other committees 
o f the ni trogen and phosphate industry. 

Mr. Williams, as Senior Vice President o f Marke t i ng f o r I M C ' s Fertilizer Group 
since 1982, is responsible f o r a l l fert i l izer market ing areas o f the corpora t ion , inc lud­
ing Domestic, Internat ional , and retail businesses. He jo ined the s taff o f I M C i n 1964 
as a Dis t r ic t Sales Manager and earned promot ions to Na t iona l Account Executive, 
Regional Sales Manager, and Southern Sales Manager. 

A native o f W i n f i e l d , Kansas, M r . Wi l l i ams was graduated f r o m Kansas State 
Universi ty i n 1952. He served i n the U.S. A r m y A r t i l l e r y i n 1952-1954 w i t h the rank 
o f 1st Lieutenant. 

I n add i t ion to serving on the Boards o f P P I and FAR, M r . Wi l l i ams is also a Direc­
tor o f Canpotex L imi ted , Phosphate Chemicals Expor t Association, Phosphate Rock 
Expor t Associat ion, and In ternat ional Fertilizer Indust ry Associat ion ( I F A ) Coun­
c i l , 1985/86. He previously served on the Board o f Directors o f the Na t iona l Ferti l iz­
er Solutions Associat ion (NFSA) . 

M r . Wi l l i ams and his f a m i l y reside i n N o r t h b r o o k , I l l ino is . • . 

New Directors Named to PPI Board 

T H R E E N E W M E M B E R S o f the 
Board o f Directors o f the Potash & Phos­
phate Insti tute (PPI ) have been an­
nounced. The new Directors, representing 
member companies o f the Institute, are: 

Mr. Robert B. Gwyn, President 
Agr i co Chemical Company 
Tulsa, Ok lahoma 

Mr. John U . Huber 
Vice President - Sales 
K a l i u m Chemicals 
Rol l ing Meadows, I l l inois 

Mr. P . L . Rushing 
Marke t ing Manager, Fertilizer D iv i s ion 
Chevron Chemical Company 
San Francisco, Ca l i f o rn i a 

New Directors Announced for FAR Board 

T H R E E N E W M E M B E R S o f the Mr. C.C. Williams 
Board o f Directors o f the Foundat ion fo r Senior Vice President, Marke t ing 
Agronomic Research (FAR) have been an- Fertilizer Group 
nounced. They are: In ternat ional Minerals & Chemical 

Corpora t ion ( I M C ) 

Dr. E . C . A . Runge 
Professor and Head 
Soil and Crop Sciences 
Texas A & M Universi ty 
College Station, Texas 

Dr. K . M . Pretty, Senior Vice President, 
Potash & Phosphate Institute; President, 
Potash & Phosphate Inst i tute o f Canada 
Toronto, Onta r io 
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Adapting DRIS for Alfalfa: 
What Are the Diagnostic Norms? 

By K . A . Kelling, E . E . Schulte, and T. Erickson 

Use of the Diagnosis and Recommendation Integrated System (DRIS) for interpret­
ing the results of plant analysis helps reveal "hidden hunger" in addition to the most 
deficient element. Time of sampling is less important than with the "critical concen­
tration" approach. This enables diagnoses of many crops to be made in time to take 
remedial action if necessary.  

A N E W C O N C E P T i n p lant analysis, 
labeled D R I S (Diagnosis and Recom­
menda t ion Integrated System), uses 
nutrient ratios fo r interpreting tissue anal­
ysis data. D R I S offers an alternative to 
the "cr i t ica l level" or "suff ic iency range" 
approach f o r interpretation. W i t h D R I S , 
many o f the problems associated w i t h or 
related to d ry matter accumulat ion are 
reduced. 

For example, research w i t h several 
crops, inc luding sugarcane, corn, soy­
beans, and wheat, has shown that the ef­
fects o f plant matur i ty , p lant part , and 
cult ivar can be min imized using D R I S . 

The objective o f this work was to adapt 
the D R I S concept f o r use w i t h a l f a l f a by 
developing diagnostic norms, creating a 
mechanism f o r using the norms, and test­
ing their value th rough a l f a l f a - f e r t i l i t y 
f i e l d p lo t research. 

Alfa l fa D R I S Norms 
Data were gathered f r o m several h igh 

yield experiments and surveys conduct­
ed i n several states inc luding Wisconsin, 
Pennsylvania, Ohio, Mich igan , Iowa and 
Minnesota . Since much o f the data were 
f r o m high-yield experiments, they prob­
ably represent an abnormal ly h igh yie ld­
ing popu la t ion when compared w i t h a 
more complete sample. 

The base popu la t ion was divided in to 
two subpopulations on the basis o f y ie ld 
w i t h the h igh yielding popu la t ion having 
single cu t t ing yields exceeding 1.95 T / A 
( > 1.95) o f dry matter. This represents 
about the top 15% o f the to ta l popu­
la t ion . 

Table 1. Comparison of selected tissue 
parameters for high (>1.95 T/A) versus low 
(<1.95 T/A) yielding alfalfa populations. 
Yields are for single cutting.  

Low High 
Yield Yield F ratio for 

Parameter Pop. Pop. variances 

%N 3.40 3.23 37.75 
o/oP 0.32 0.32 3.55 
%K 2.63 2.75 15.16 
%S 0.29 0.25 1.84 

N/P 10.89 9.78 9.31 
P/K 0.136 0.121 57.81 
N/K 1.45 1.17 43.49 
N/S 12.40 12.80 1.23 
S/P 0.895 0.752 20.51 
S/K 0.125 0.087 73.61 

The levels o f N , P, K , Ca, M g , S and 
B i n the t w o populat ions were expressed 
b o t h as concentrations and as ratios o f 
t w o nutr ients . A s i l lustrated i n Table 1, 
the ra t io f o r m was typica l ly more dis­
c r imina t ing than the concentrat ion f o r 
separating the l o w and high yield popu­
lations. Because a l f a l f a is a mul t ip le har­
vest c r o p , each harvest or cut is 
considered as an ind iv idua l case, rather 
than averages or totals f o r the g rowing 
season. This was considered essential 
since using to t a l yie ld w o u l d bias a l l o f 
the high yielding populat ion toward those 
climates where f o u r or more cuttings each 
year are commonplace. 

Norms were selected wh ich included 
the nutrients N , P, K , S, B , Ca and M g . 
These were considered l ike ly to be the 
most impor t an t f o r a l f a l f a (Table 2). 

Dr. Kelling and Dr. Schulte are Extension Soil Scientists; T. Erickson is former graduate student; Depart­
ment of Soil Science, University of Wisconsin, Madison, WI 53706. 
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Table 2. Alfalfa DRIS norms for selected 
nutrients with the high yielding population ( > 
1.95 T/A, single cutting) dry matter.  

Parameter Number Norm Standard 
(total pop.) deviation 

N/P + 2391 9.777 1.887 
N/K 2391 1.171 0.288 
HIS 2115 12.809 2.520 
N/Ca 2123 2.505 0.700 
Mg/N 2123 0.084 0.023 

B/N 2123 0.094 0.020 
P/K 2615 0.121 0.023 
S/P 2226 0.752 0.170 
Ca/P 2347 4.073 1.290 
Mg/P 2347 0.829 0.323 

B/P 2347 0.893 0.354 
S/K 2226 0.087 0.023 
Ca/K 2347 0.489 0.201 
Mg/K 2347 0.100 0.048 
B/K 2347 0.105 0.046 

S/Ca 2226 0.197 0.054 
Mg/S 2226 1.102 0.342 
B/S 2226 1.171 0.318 
Mg/Ca 2347 0.208 0.059 
B/Ca 2347 0.225 0.071 

B/Mg 2347 1.145 0.425 

+ N, P, K, S, Ca and Mg expressed as % dry mat­
ter, B expressed as ppm x10' 2. 

The other micronutr ient norms can be 
added as more i n f o r m a t i o n is gained; 
however, when more nutrients are includ­
ed the sensitivity o f the expressions 
increase. U n t i l experimental data are 
available to evaluate the effectiveness o f 
including these addi t ional norms, they 
are omi t t ed . 

A l t h o u g h using a ra t io approach such 
as D R I S reduces the influence o f location 
on interpretion levels, a separation o f the 
to ta l data base in to the two dominant lo ­
cations o f o r ig in shows that differences 
can arise (Table 3) . Note , f o r example, 
that the norms generated f r o m Pennsyl­
vania data showed distinctly lower levels 
o f N , M g and B present. This was at­
t r ibuted to the lower native soil M g levels 
i n Pennsylvania and the lower use o f B fo r 
their forage. Part o f the N difference may 
be a result o f different material being ana­
lyzed f r o m each location. The Wisconsin 

Table 3. Change in selected DRIS norms for 
tissue identified with specific regions. 

Parameter Total Wis. Penn. 
(2500)+ (1100)+ (1300) + 

N 3.23 3.44 3.13 
P 0.32 0.31 0.33 
K 2.75 2.64 2.81 
Mg 0.28 0.35 0.22 
B 30.8 36.8 26.2 
N/P 9.78 10.61 9.51 
N/K 1.17 1.22 1.16 
P/K 0.122 0.116 0.124 
Mg/N 0.084 0.100 0.077 
Mg/P 0.829 1.132 0.671 
B/Mg 1.14 1.07 1.18 

+ Approximate number of samples in data base. 

data are largely f r o m specific hand sam­
plings o f pure a l f a l f a , whereas the Penn­
sylvania data are f r o m harvested forage 
which may contain some grass. 

Field Testing of Norms 
T o test the developed norms, f i e l d ex­

periments were conducted at several l o ­
cations i n Wisconsin f r o m 1979-1982. 
These experiments used a P 3 x K 5 x S 2 fac­
to r i a l design w i t h treatments applied as 
topdressings i n split applications each 
year. Table 4 shows selected nutr ient 
values, D R I S indices, and subsequent 
yields f o r some treatments o f one o f the 
experiments. 

I n general, these data i l lustrate that as 
the nutr ient diagnosed as most deficient 
(largest negative index) is supplied by fer­
tilizer treatment, the yield increases. The 
more subtle increases after the ini t ia l yield 
gain are l ike ly the result o f one or more 
soil or climatic factors not considered by 
the system. Note that improved plant 
balance is being achieved (as shown by 
the decreasing sum o f the indices). 

Interestingly, diagnoses f r o m all three 
cuts and an early sampling (2 weeks be­
fore f i r s t harvest) at this locat ion result­
ed i n similar diagnoses even though tissue 
composition varied considerably between 
these samples (data not shown). This sup­
ports the appl icabi l i ty o f the norms and 
demonstrates their usefulness at varying 
stages o f plant g r o w t h . The suff ic iency 

(continued on next page) 
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Table 4. Diagnosis of the P, K, and S requirements of alfalfa at Lancaster, Wis. for first cut hay 
using N, P, K, S, Ca, Mg and B tissue data. + 

Treatment Sum of indices First cut dry Total yr. 
level Plant comp. DRIS indices irrespective matter dry matter 

P K S P K S P K S of sign* yield yield 

-%- T/A 

0 0 0 0.22 1.05 0.29 - 1 9 - 5 9 15 156 1.67 4.51 
0 1 0 0.23 1.61 0.30 - 2 0 - 2 5 11 91 1.86 5.29 
0 2 0 0.20 1.97 0.28 - 2 4 - 1 0 10 69 1.79 5.30 
1 2 0 0.23 1.68 0.26 - 1 7 - 2 1 4 75 1.89 5.35 
1 3 0 0.24 2.51 0.28 - 1 8 - 3 4 48 1.93 5.63 
2 3 0 0.26 2.60 0.25 - 1 1 - 1 - 1 35 2.03 5.73 

+ All composition data and indices not shown. 
* Indices were calculated using functions that used 

ranges used i n Wisconsin (%P 0.26-0.70 
and % K 2.41-3.80 being suf f i c ien t ) also 
c o n f i r m e d the D R I S diagnoses f o r the 
f irs t cut. However, f o r the early sampling 
and the second and t h i r d cuts, P was al­
ways shown to be adequate. Levels o f K 
were quite consistent f o r al l harvests w i t h 
the unfer t i l i zed con t ro l ranging f r o m 
1.05% K i n the f i r s t cut to 1.36% K i n the 
early sampling, whi le those f r o m the K 3 

level o f applied potash ranged f r o m 
2.60% K i n the f i r s t cut to 3.19% i n the 
second cut. 

Experience w i t h the system has shown 
that some nutrients such as Ca and B can 
be misinterpreted when early samples are 
taken. This is l ike ly the result o f the rela­
tive accumulat ion o f these elements w i t h 
increasing ma tu r i t y . 

Why Use D R I S 
Plant analysis is ideally suited f o r guid­

ing nu t r i en t needs f o r a m u l t i p l e -
harvested crop such as a l fa l fa , since t ime­
ly treatments can be topdressed f o r sub­
sequent cutt ings. 

D R I S improves the need predicat ion 
capabi l i ty because: 

1) varietal differences and stage o f 
ma tu r i t y are less impor t an t when 
interpret ing the results; 

2) the norms can be used over f a i r l y 
broad regions, a l though some bias 
may exist toward those regions f r o m 
which the data originated; 

3) the nutrients are ranked i n order ac­
cording to their relative need. W h e n 
used i n combina t ion w i t h the s u f f i ­
ciency range approach and soil tests, 
D R I S can substantially improve d i ­
agnostic capabilities. 

all nutrients shown in title. 

A n advantage of the D R I S approach 
to interpreting the results of plant anal­
yses is its ability to detect "hidden hun-
ger." I f alfalfa yields are strongly limited 
by lack of P, for example, there may be 
adequate K for that amount of dry mat­
ter. When P is added the plant then runs 
out of K , which was interpreted as "ade­
quate" by the critical level approach. The 
D R I S method predicts which element(s) 
will become limiting after the first is cor­
rected. It also gives the order in which 
elements are present in excessive 
amounts. • 
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FFA Encourages Young People 
to Achieve in Agriculture 

By Will iam R. Agerton 

N E A R L Y A H A L F - M I L L I O N 
(434,000) young men and women i n 
slightly more than 8,000 chartered groups 
are getting to know something more 
about agriculture. A n d some are getting 
more out o f their t ime than others. 

O f course, the group to which I refer 
here is the Future Farmers o f Amer ica 
(FFA), closely l inked to the Vocational 
Agricul ture program i n many o f our pub­
lic schools. 

Certainly those reaching the nat ional 
level o f competi t ion are getting their share 
f r o m this outstanding program par t ia l ly 
sponsored by numerous nat ional and i n ­
ternat ional companies. Here are some o f 
the winners named at the 58th Na t iona l 
FFA Convention i n Kansas City, Missou­
r i , November 14-16, 1985. 

STAR F A R M E R O F A M E R I C A -
Michael Arends, 21, Wi l lmar , Minnesota 
S T A R A G R I B U S I N E S S M A N O F 
A M E R I C A - S c o t t Cochran, 21, Lavo-
nia, Georgia 

P R O F I C I E N C Y A W A R D S 
A G R I C U L T U R A L PROCESSING -

Jeffrey Simmons, 18, Penn Yan, N Y 
C E R E A L G R A I N P R O D U C T I O N -
Bryan Hayenga, 19, Kings, I L 
D I V E R S I F I E D C R O P P R O D U C ­
T I O N — B r u c e Boyum, 20, Wanamingo, 
M N 
F E E D G R A I N P R O D U C T I O N - Scott 
Travis, 18, Taylorsville, K Y 
F I B E R CROP P R O D U C T I O N - C i n d y 
Carmack, 17, Gates, T N 
F O R A G E P R O D U C T I O N - Mike Pach-
ta, 18, Belleville, KS 
FOREST M A N A G E M E N T - W i l l i a m 
Schlosser, 19, Bremerton, W A 
F R U I T A N D V E G E T A B L E P R O ­
D U C T I O N - B i l l Lamalie, Fremont, O H 
N U R S E R Y O P E R A T I O N S - W a y n e 
Beal, Jr . , 19, Bridgeton, N J 

Kurt O I L C R O P P R O D U C T I O N -
Kottke, 19, B u f f a l o Lake, M N 
P L A C E M E N T I N A G R I C U L T U R A L 
P R O D U C T I O N - R i c h a r d Keyser, 18, 
Jefferson, M D 
S O I L A N D W A T E R M A N A G E ­
M E N T - Matthew Sowers, 18, Burk i t t s -
ville, M D 
S P E C I A L T Y C R O P P R O D U C T I O N -
Kelly Freeman, 20, Bennett, N C 

There were many other awards made at 
the convention that boasted attendance 
o f more than 20,000, most o f them F F A 
members wearing their blue and gold 
jackets ever so proudly. There were awards 
to chapters, to long- term sponsors, to 
FFA a lumni , and to others. I n fact, the 
project winners each competed w i t h three 
other regional winners. Before that there 
were state, distr ict , and chapter winners. 

Rick Malir, 21, o f W i l s o n , Kansas, is 
the 1985-86 Nat ional FFA President, suc­
ceeding Steve Meredith o f Glendale, Ken­
tucky. The new national secretary is Coby 
Shorter, I I I , 19, Eagle Lake, Texas; 
Kipling Godwin, 20, Whitevi l le , N o r t h 
Carol ina, Eastern regional V.P.; Cindy 
Blair, 20, Noble , Oklahoma, Western 
V P . ; Kevin Cof fman, 20, Hol l iday , M i s ­
souri , Central V P . ; and Robert Weaver, 
20, Hartselle, A labama , Southern V P . 

These young men and women are the 
agricultural leaders of tomorrow.. .the 
leaders with challenges never before fac­
ing American farmers. . .challenges that 
are opportunities to the achievers. These 
young leaders are making the most of 
their opportunities and educational pro­
grams as they move into these leadership 
roles. 

Keep up the good work , FFA. • 

Mr. Agerton is an Editor with the Potash & Phosphate Institute, and has assisted with judging 
of proficiency awards during the national FFA convention. 
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Potash Fertilizer Increases Yield 
and Reduces Hollow Heart in Potatoes 

By Robin McBride and T . L . Jackson 

Oregon research shows increased potato yields and improved quality due to potash 
fertilizer applications.  

P O T A S H F E R T I L I Z E R S have improved yie ld and qua l i ty o f Oregon potatoes. 
Poor qua l i ty is sometimes due to physiological disorders w h i c h may be min imized 
w i t h proper fert i l izer management and cul tura l practices. H o l l o w heart is a physio­
logical disorder characterized by a cavity i n the central region o f the tuber. The cavity 
is usually bordered by b rown necrotic cells. Browning may occur w i t h o u t a cavity 
and is referred to as b r o w n center, the precursor to ho l low heart. H o l l o w heart is 
associated w i t h several factors; water stress, h igh temperatures, low temperatures, 
and rapid vine growth du r ing rapid tuber enlargement. The problem is more preva­
lent i n large tubers. 

Two experiments were estab- Figure 1. Potash effect on tuber yield.  
lished i n 1983 to study the effects o f 
KC1 and K 2 S 0 4 o n yie ld and h o l ­
low heart i n Russet Burbank pota­
toes. One test was located at the 
Central Oregon Experiment Station 
i n Powell Butte and the other was 
located on a grower's f i e l d i n the 
Co lumbia Basin near Hermis ton . 
The Powell Butte experiment was 
on a Deschutes sandy l o a m w i t h an 
i n i t i a l soil test o f 130 p p m K ; the 
Columbia Basin experiment was on 
a Quincy f i ne sand w i t h an i n i t i a l 
soil test o f 211 p p m K . 

Treatments ranged f r o m zero to 
700 lb K 2 0 / A . Some treatments 
were applied at p lant ing on ly whi le 
higher rates were applied i n split ap­
plications. Potassium chloride and 

Total 

25 

20 

P 1 5 

"10 

K Source 
None 

Chloride 
Sulfate 

6 + oz. 

u _ u 

K 2 S 0 4 were compared at 100, 300, 
and 300 (spl i t ) lb K 2 0 / A rates. 
Base treatments o f ni t rogen (N) , 
phosphorus (P), and su l fur (S) were 
provided (160 lb N , 150 lb P 2Os, 
and 32 lb S/A at Powell Butte; 250 
lb N , 130 lb P 2 0< and 28 lb S/A at 
Co lumbia Basin). 

I n the Powell Butte experiment, 
to ta l yie ld and yie ld o f tubers 
weighing over 6 ounces (6 + oz.) 
were increased w i t h al l rates and 
sources o f K . The yie ld o f 6 + oz. 
tubers, the most marketable group, 
was greater w i t h KC1 than w i t h 
K 2 S 0 4 (Figure 1). 

The incidence o f ho l low heart 
and brown center was highest i n the 
larger tubers (ten largest tubers) and 
where no K was applied. H o l l o w 
heart and brown center were reduced 

0 83 300 700* 0 100 300 700* 

'Split 300,200, and 200 lb/A preplant, 7-7, and 7-27, respectively. 
(Powell Butte) 

Figure 2. Potash effect on hollow heart and brown center. 
Ten Largest Tubers 

30 

20 

5 10H 

K Source 
None 

Chloride 
Sulfate 

Forty Largest Tubers 

0 100 300 300* 0 100 300 300* 
*Split 100 lb/A each oreolant. 7-7, and 7-27. (Powell Butte) 

Robin McBride is former Graduate Research Assistant and Dr. Jackson is Professor Emeritus of Soil 
Science, Oregon State University, Corvallis. 
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w i t h all rates and bo th sources o f K , 
but the reduction tended to be 
greater w i t h K C I . W h e n large and 
med ium sized tubers ( f o r t y largest 
tubers) were sampled, K C I treat­
ments showed a s ignif icant reduc­
t i o n i n ho l low heart and b rown 
center when compared to the check 
and K 2 S 0 4 treatments (Figure 2). 

Yields were higher at the C o l u m ­
bia Basin site w i t h its longer 
growing season but there was no 
response i n to ta l yield to applied K 
(Figure 3). A n increase i n yield o f 
6 + oz. tubers was f o u n d only at the 
highest K rate. The h igh in i t i a l soil 
K o f 211 p p m was probably the rea­
son why a yie ld response was not 
f o u n d at this site. Despite lack o f 
to ta l yield response to K i n the 
Columbia Basin experiment, the in ­
cidence o f ho l low heart and b rown 
center was reduced w i t h added K 
(Figure 4). A t this site, 
hoi] fow heart was reduced 
o n l y w h e n K C I was 
applied. 

There is concern about 
K , and par t icular ly K C I , 
causing a reduction i n 
tuber specific gravity, i n ­
dicating reduced process­
i n g q u a l i t y . I n o u r 
experiments, a french f r y 
color qua l i ty test ad­
minis tered by qua l i t y 
cont ro l at J.R. Simplot , 
Inc., a potato processor, 
f o u n d no s i g n i f i c a n t 
reduction i n qual i ty even 
when specific gravities 
were reduced w i t h high 
rates o f K C I (Table 1). 

Figure 3. Potash effect on tuber yield. 
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(Columbia Basin) 

Figure 4. Potash effect on hollow heart and brown center. 
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Split 100 lb/A each preplant, 6-28, and 7-29. (Columbia Basin) 

Table 1. Potato tuber specific gravity and french fry color quality. 
K 20 treatment 

Source 
of K 

None 
KCI 
K 2S0 4 

KCI 

Specific 
gravity 

1.0834 
1.0776 
1.0806 
1.0744 

Color rating1 

1 2 
0/0  

92 
96 

100 
94 

'Color ratings range from 0 (light fry color) to 4 (dark or brown fry color). Ratings of 0 and 1 are 
desirable, 2 is intermediate, and 3 and 4 are undesirable. 
From experiment site in Columbia Basin, Oregon. 

Potash fertilizers increased yield and decreased the incidence of hollow heart and 
brown center in tubers. Greater reduction in hollow heart and brown center was found 
when K C I was used as compared to K 2 S 0 4 . French fry color quality was not ad­
versely affected by high K C I treatments. • 
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For Canada 

Guidelines for Top Yields with New 
HY320 Semidwarf Spring Wheat 
Researchers summarize management suggestions for high-yielding wheat.  

A H I G H Y I E L D I N G S E M I D W A R F spring wheat, H Y 3 2 0 , has been licensed and 
is eligible f o r Canada Prair ie Spring grades. H Y 3 2 0 wheat has been launched in to 
a class o f its o w n w i t h " t r ip le M " qual i ty : m e d i u m kernal hardness, med ium protein 
content, and med ium gluten strength. 

I n 120 tests over 9 years, H Y 3 2 0 yielded an average o f 2 9 % more than Neepawa 
and 13% more than Glenlea. H Y 3 2 0 yielded an average o f 2 9 % more than Neepawa 
i n farmers' fields i n 1983 (174 farms) and 2 7 % more than Neepawa i n 1984 (835 farms). 
Under i r r iga t ion , H Y 3 2 0 yielded 38 % more than Neepawa and 2 % more than Fielder 
sof t white spring wheat. W h e n H Y 3 2 0 is g rown o n summerfa l low or o n stubble, i t 
gives a s imilar yie ld advantage over hard red spring varieties grown under similar 
condit ions. 

H Y 3 2 0 is about 6 inches (15 cm) shorter than Neepawa. I t is later ma tu r ing than 
Neepawa, averaging about 4 days later. M a t u r i t y o f H Y 3 2 0 relative to Neepawa varies 
w i t h weather condit ions, being almost the same under d ry condit ions, but H Y 3 2 0 
has been up to 14 days later than Neepawa under cool , mois t condit ions. 

H Y 3 2 0 is moderately resistant to leaf and stem rust, moderately susceptible to com­
m o n root ro t and susceptible to bun t and loose smut. 

This semidwarf wheat is sensitive to management. I t benefits f r o m higher rates 
o f fert i l izer. G o o d weed cont ro l is impor t an t because the variety is no t a strong 
compet i tor w i t h weeds. 

Seeding 
• Treat seed w i t h a fungic ide containing ca rb i th i in (e.g., Vi tavax) to cont ro l loose 

smut and bunt 
• Seed early because o f the late m a t u r i t y o f H Y 3 2 0 
• Seed at a higher rate than Neepawa, that is VA t o Vi bu/acre higher than no rma l 

rate f o r Neepawa 
The higher seeding rate w i l l compensate f o r the larger seeds o f H Y 3 2 0 (20% big­

ger than Neepawa), w i l l promote earlier m a t u r i t y and w i l l improve compet i t ion w i t h 
weeds. 

• Seed no deeper than 2 to 2.5 inches (5 to 6.5 cm); seeding deeper may delay emer­
gence and reduce the stand, par t icu lar ly i n cold or crusted soils. 

There may be a risk f r o m seeding either too deep, which could hinder emergence 
and/or increase the incidence o f roo t rot , or too shallow, w h i c h could result i n the 
seed being placed i n a layer o f soil treated w i t h triallate (Avadex) or t r i f l u r a l i n (Treflan). 

Fertility 
H Y 3 2 0 is possibly more responsive to fer t i l izer than t rad i t iona l varieties. L i m i t e d 

data indicate that H Y320 responds to higher nitrogen and phosphorus fert i l izer levels 
than t rad i t iona l wheat varieties. 

This article was prepared in cooperation with the following: 

J.M Clarke, R.M. DePauw, T.F. Townley-Smith, CA. Campbell, F. Selles, H. Steppuhn, and J.E. Knip-
fel, Research Branch, Agriculture Canada, Swift Current, Saskatchewan; J. Hunter, Research Branch, 
Agriculture Canada, Regina, Saskatchewan; K. Kirkland, Research Branch, Agriculture Canada, Scott, 
Saskatchewan. 
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Weed Control 
H Y 3 2 0 is less competit ive w i t h weeds than the regular spring wheat varieties are. 

W i l d oats (100 p lan t s /m 2 ) reduced the grain yie ld o f H Y 3 2 0 by as m u c h as 63%. 
G o o d weed control is essential. 

I n general, herbicides registered f o r use on hard red spring wheats have not seri­
ously affected the grain yield o f H Y 3 2 0 . 

A v o i d deep incorpora t ion o f soil applied herbicides such as tr ial late (Avadex B W ) 
or t r i f l u r a l i n . For o p t i m u m crop tolerance, place the seed 2 to 2.5 inches (5 to 6.5 
cm) deep. 

Harvesting 
• Swath at the same kernel development stage as Neepawa, at 30 to 40% moisture 
• H Y 3 2 0 is also well-suited to direct combin ing 
• H Y 3 2 0 is easier to thresh than Neepawa, bu t is also quite resistant to shattering 
H Y 3 2 0 has an awned (bearded) head, which helps to overcome the disadvantage 

o f short straw i n f o r m i n g swaths. However, late swathing when the crop is over-dry 
w i l l result i n a f l u f f y swath that is susceptible to scattering by w i n d . Direct combin­
ing w i l l a l low leaving taller stubble f o r snow t rapping. H Y 3 2 0 sometimes produces 
less straw than other hard red spring wheats (80 to 110% o f Neepawa, and 90 to 120% 
o f Sinton and Leader, depending o n condit ions) . 

Feeding Quality of Straw 
The feeding qual i ty o f straw f r o m H Y 3 2 0 is superior to that o f Neepawa as shown 

by bo th laboratory and feeding studies. I n 1981, straw was collected f r o m field-scale 
plots o f H Y 3 2 0 and Neepawa. The prote in content o f H Y 3 2 0 straw was 4.3%, while 
that o f Neepawa straw was 1.5%. Organic matter digest ibi l i ty o f H Y 3 2 0 was 46.6% 
(equivalent to high quali ty barley or oat straw) i n comparison to only 33.2% fo r Neepa­
wa straw. Fol lowing ammonia t ion , H Y 3 2 0 straw increased i n protein content to 7 .1% 
while Neepawa straw increased to 5.9%, but the organic matter digestibility o f H Y 3 2 0 
increased to 54.0% (about the same as med ium to good qual i ty grass hay), while that 
o f Neepawa increased to 40.2% which was less than that o f the untreated H Y 3 2 0 . 
A n i m a l acceptance o f H Y 3 2 0 straw has been excellent i n comparison to Neepawa 
straw. Further work is underway to assess the effects o f beards on c h a f f quality. 

These data suggest that the crop residue f r o m H Y 3 2 0 w i l l be o f considerable use 
as a feed f o r ruminants . • 

Potassium in Agriculture: 
How to Order New Book 

A 1,223 P A G E hardcover book, Potassium in 
Agriculture, includes 51 chapters wr i t t en by more 
than 80 recognized internat ional authorities. The 
book, edited by Dr. R.D. Munson , is published by 
the Amer i can Society o f A g r o n o m y ( A S A ) , Crop 
Science Society o f Amer i ca (CSSA), and Soil 
Science Society o f Amer ica (SSSA). 

Price o f the book is $58.00. A l l payments must 
be i n U.S. funds . Advance payment and 75C per 
book required on al l orders outside the Uni ted 
States. To order, or fo r more in fo rma t ion , contact: 
A S A , CSSA, SSSA Headquarters O f f i c e , A t t n : 
Book Order Department , 677 South Segoe Road, 
Madison , Wisconsin 53711 U S A . H 

POTASSIUM 
IN AGRICULTURE 
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Variable Rate Fertilization: A Part of 
Maximum Economic Yield Systems? 

By J . L a r r y Sanders 

Variable rate fertilization (VRF) is not a new idea, but new technology will help make 
it practical for more farms.  

W H E T H E R T O P O G R A P H Y is level or ro l l ing , there is s ignif icant soil test varia­
t i o n w i t h i n many farmers ' f ields. This var ia t ion arises f r o m many sources. Inherent 
soil differences due to soil type and texture occur natural ly w i t h i n most fields. 

Other differences can be induced f r o m past cropping and f e r t i l i t y practices. Incor­
pora t ion o f small fields in to larger f ields, the use o f manure i n selected areas, tillage 
practices, erosion and past crop ro ta t ion w i t h i n a f i e l d may have a l l added to soil 
test var iab i l i ty i n that f i e l d . 

This var ia t ion i n soil test values w i t h i n a f i e l d leads to serious problems i n fe r t i l i z ­
er recommendations. One problem is that i n many fields fer t i l izer needs may vary 
greatly f r o m one area to another w i t h soil test values. A n o t h e r p roblem arises when 
the yie ld potent ia l and resultant fer t i l izer recommendations f o r one soil type or tex­
ture is s ignif icantly different f r o m another i n the same f ie ld . Generally, wi thou t regard 
to these factors, fer t i l izer recommendations have been made f o r average f i e l d condi­
t i o n , wh ich leads to either over-fer t i l iz ing one area and under-fer t i l iz ing the other. 

Given this var iab i l i ty i n soils, i t is pertinent to consider variable rate fe r t i l i za t ion 
and its imp l i ca t i on to higher and more p rof i t ab le yields. Normal ly , soil samples are 
taken at a rate o f one or two composite samples per f i e l d , wh ich may represent 20 
to 200 acres or more. This pat tern o f soil sampling leads to the c o m m o n misconcep­
t i o n that an average soil test value w i l l be determined. However, composite sampling 
across different soil types and textures w i t h varying chemical characteristics and buffer­
ing capacities w i l l not result i n an average soil test value i n most cases. 

The idea o f variable rate fe r t i l i za t ion ( V R F ) is not a new concept. I n variable rate 
fe r t i l i za t ion , soil samples are taken and the locations and values o f the samples are 
mapped using a pre-determined g r id system or soil type map at a rate o f one sample 
per f ive or ten acres. Instead o f one sample representing a 100-acre f i e l d , there may 
be as many as 20 samples representing a f i e l d . The result is a f a m i l y o f values f o r 
that f i e l d w h i c h can provide a basis f o r increased accuracy and precision i n fert i l izer 
recommendations. 

Based o n this f a m i l y o f soil test values and realistic estimates o f y ie ld potentials 
w i t h i n a f i e l d , fert i l izer needs can be specified f o r d i f fe ren t areas. Figure 1 shows 
how f e r t i l i t y recommendations may vary w i t h i n a f i e l d using V R F and no rma l 
practices. 

I n this example, using V R F increased fer t i l izer cost by an average o f $5.00, but 
increased co rn yield by almost 11 b u / A and gross returns by $25.20/A. O n an average 
f a r m size o f 500 acres, that w o u l d equal an extra gross re turn o f $12,600 per year, 
(N=20<P / lb, P 2 0 5 = 2 2 e / l b , K 2 0 = l l<P / lb, and co rn=$2 .40 /bu . ) 

Variable rate fe r t i l i za t ion does have certain advantages and disadvantages f o r the 
farmer. The advantages may mean s igni f icant ly higher yields and p ro f i t s i n certain 

Dr. Sanders is Eastern Canada Director and Coordinator, Asia, for the Potash & Phosphate Institute, 
in the Toronto, Ontario, office. 
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high yield areas o f the f i e l d . H i g h yields w i l l be achieved by ta i lo r ing fert i l izer recom­
mendations f o r specific soil chemical and physical condit ions f o r the highest realis­
tic yield goal. I n other areas, yield potential may be less and fertilizer recommendations 
can be m o d i f i e d to achieve an appropriate yie ld . I n either case, higher p rof i t s can 
be produced by using the r ight amount o f fert i l izer i n the r ight place to achieve the 
max imum economic yield. O f t e n the disadvantage to V R F has been dealer and farmer 
opposi t ion to detailed fert i l izer spreading patterns. These can usually be resolved 
by predetermining wi th the farmer a m i n i m u m size area that he would consider spread­
ing w i t h i n a f i e ld . Under certain situations another disadvantage w o u l d be the i n ­
creased cost o f spreading several fert i l izer materials w i t h i n one f i e ld . The cost o f 
increased soil sampling and analysis wou ld also be another consideration. 

A l t h o u g h there are disadvantages, many o f these are now being overcome through 
modern technology. Spreaders are now being developed that can blend fertilizers as 
they move across the f i e l d and spread the exact amount o f fert i l izer needed i n each 
section. 

Tracking devices indicate the locat ion o f the spreader i n the f i e l d and relay its posi­
t i o n to an onboard computer. The computer can then give a prescribed fert i l izer ap­
pl ica t ion to that area o f the f i e ld . 

W i l l V R F be widely accepted? The t i m i n g o f new technology w i l l certainly help 
increase the use o f V R F al though i t can be accomplished w i t h regular ferti l izer equip­
ment. Support f o r V R F w i l l also come f r o m environmental groups who are interest­
ed i n the protect ion o f ground water and lakes f r o m fert i l izer r u n o f f and leaching. 

Ult imately , the farmer w i l l benefi t f r o m V R F by ta i lo r ing fert i l izer needs to soil 
test recommendations under varying yield goal conditions to produce m a x i m u m eco­
nomic yield on as many acres as possible. 

I n the future , V R F w i l l certainly have a place i n f a r m i n g along w i t h variable rate 
seeding, insect control , weed control , i r r iga t ion and other practices. As technology 
develops, the impossible only takes a l i t t le longer. • 
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Gardening for Food, Fun and Fitness 
By Bert Krantz 

A California gardener shares some productive ideas for year-roundfruit and vegetable 
gardening. The techniques can be adapted to many soil and climate conditions. 

I N C A L I F O R N I A A N D M A N Y O T H E R A R E A S , year-round vegetable and f r u i t 
p roduct ion is possible. W i t h careful p lanning a f a m i l y can produce most o f its vegeta­
ble and f r u i t needs i n a backyard garden area. 

Soil and Water Management 
I use a permanent broadbed and furrow system w i t h beds 4 f t . f r o m center to center. 

This system provides f o r crop drainage dur ing our winter rainy season and the soil 
dries out suf f ic ien t ly f o r early spring plant ing (about M a r c h 1) o f summer crops such 
as corn, beans, cabbage, tomatoes, etc. This is usually several weeks ahead o f spring 
plant ing t ime fo r local gardeners who ro to t i l l or spade their garden areas each spring. 
By plant ing at the edges o f each bed, e f f ic ien t f u r r o w i r r iga t ion can be practiced (dr ip 
i r r iga t ion along each crop row can also be used i f so desired). 

In this system no tillage is used except that required to apply the ferti l izer and plant 
the seeds or transplants i n hil ls or rows. To main ta in good soil t i l t h ( f r i ab le soil) and 
avoid soil crusting, I apply a l iberal quan t i ty o f year-old composted organic materi­
als consisting o f lawn clippings and leaves to the whole bed surface soon af ter the 
crops emerge i n b o t h spring and f a l l . This is the sixth year o f the permanent bed and 
f u r r o w system wi thou t ti l lage and the soil t i l t h is cont inu ing to improve and crop 
growth is excellent. 

Another advantage o f this no - t i l l system is the greatly reduced weed problem. Mos t 
o f the weed seeds i n the surface inch o f soil germinate w i t h i n the f i r s t and second 
years af ter the establishment o f the permanent bed and f u r r o w system. I f no sub­
surface soil containing weed seeds is brought to the surface by tillage, the weed problem 
diminishes. The occasional weed that does emerge should be el iminated when young 
and not allowed to go to seed. 

Garden Residue Utilization and Crop Fertilization 
Stalks of sweet corn, asparagus, broccol i , caul i f lower and cabbage are cut o f f at 

ground level and placed i n the permanent fur rows. This provides a place to walk while 
p lant ing and harvesting the crops g rown o n the beds, even when the soil is sl ightly 
wet. By cut t ing all stalks at ground level the roots are le f t to decompose i n place, which 
contributes to the maintenance o f good soil structure and t i l t h . As the stalks decom­
pose i n the fu r row, this organic matter helps to main ta in o p t i m u m i n f i l t r a t i o n o f 
water i n the crop root zone. The stalks in the furrow and the mulch on the beds also 
provide some plant nutrients, but to achieve optimum growth I use adequate chemi­
cal fertilizers containing nitrogen, phosphorus, potassium and zinc below or beside 
the seeds or transplants at planting time. 

Greenhouse — A Useful Addition 
I have an unheated, homemade "greenhouse" where I grow al l my vegetable and 

f lower plants f r o m seeds. 
In addition to the usual transplants such as tomatoes, cabbage, broccoli, cauliflower 

and flowers, I grow crops such as melons, squash, and sometimes even snap beans 
and Fordhook limas fo r transplanting. This reduces the turnover t ime between winter 
and summer crops by two to three weeks. Also , sturdy transplants are less vulnerable 
to birds, slugs and insects than newly-emerging seedlings f r o m direct seeding. 

After a lifetime profession of agricultural research and education, Dr. Krantz has become an avid gardener 
since retiring six years ago. By experimenting in his garden and greenhouse, he has developed soil and 
crop management practices for optimum production with minimal care. After observing the garden dur­
ing a visit to California, Dr. W.L. Nelson of PPI asked Dr. Krantz to prepare this article. 
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Winter garden shown in early April. Note: Greenhouse in rear on the right side; apricot and pear 
trees on the right; boysenberries and sugar snap peas along north fence; composting frame and bins 
under orange tree on the left; broccoli, cauliflower, cabbage, Swiss chard and leaf lettuce growing 
on the permanent broadbeds. The early plantings of sweet corn are up but not yet visible behind 
the broccoli. 

Maximizing Interception of Solar Radiation 
In city backyards w i t h many shade trees, f r u i t trees and ornamentals, availabil i ty 

o f sunny spaces f o r growing vegetable crops is o f t e n a l i m i t i n g factor. However, by 
careful p lanning i n the placement o f trees and vegetables one can maximize the i n ­
terception o f sunlight. 

• Where possible place fruit trees, brambles and asparagus beds along the no r th 
or west fences o f the garden area. 

• Plant tall vegetables such as pole-type beans and tomatoes and sweet corn toward 
the no r th side to avoid shading low-growing crops. For successive plantings o f sweet 
corn, start at the no r th side and continue toward the south. Also , each corn plant ing 
should be i n small blocks rather than i n a single row to achieve better po l l ina t ion . 

• "Highrise cropping" maximizes sunlight ut i l izat ion. Pole-type crops such as snap 
beans, limas, sugar snap peas and sweet peas are ideal f o r highrise cropping, which 
also provides easy access fo r picking. M y method is the use o f one strand o f galvanized 
wire at about f ive inches and one at six feet above ground level stretched between 
permanent posts. I w i n d kite string over the upper and lower wires at about six inch 
spacing f o r the plants to c l imb to the top wire. 

• "Tier cropping" maximizes space and l ight u t i l iza t ion . By growing annual crops 
under deciduous f r u i t trees, two-t ier cropping is feasible. Since these trees shed their 
leaves, there is ample sunlight f o r winter crops l ike lettuce, radishes, bush-type green 
peas and even early bush snap beans. D u r i n g the summer, melons and squash, which 
require a large amount o f space, can be successfully grown under deciduous f r u i t trees. 

A n Adaptation to a Hot, Dry Climate 
I n areas such as the Central Valley o f C a l i f o r n i a w i t h summers o f h igh tempera­

ture and low humidi ty , i t is no rmal ly not feasible to grow crops such as Swiss chard 
and cabbage i n summer. However, i t is possible to grow them i n the cooler shady 
areas under deciduous f r u i t trees. By shading newly-transplanted seedlings w i t h 
wooden shingles, the f i r s t p lant ing o f broccol i and caul i f lower can be started dur ing 
the hot, early August per iod. 

Summary 
The permanent broadbed and furrow system with the semi-annual application of 

partially-composted mulch practically eliminates the jobs of tillage and weeding, which 
are the most arduous tasks of gardening. Thus, the remaining activities involve mainly 
planting, picking and processing which provide healthy exercise and year-round food, 
fun and fitness. • 
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for Maximum Economic Yields (MEY) 

L O D G E D C O R N is a serious problem 

that can cut farmers ' p ro f i t s i n many 

ways: 

• Lower harvestable yields 
• Slower and delayed harvest 
• More wear and tear on equipment 
• Delayed fall fertilization and tillage 

Good standability and good yieldabil-
ity are characteristics that are especially 

impor tan t i n a corn hybr id . Scientists 

have demonstrated that adequate potash 

( K 2 0 ) is impor t an t i n improv ing b o t h 

standabili ty and yieldabili ty. The picture 

shows lodged corn i n a f i e l d where K was 

too low. The inset shows the deteriorated 

stalks. 

Potassium is required i n large amounts 

by the growing corn crop and is involved 

THE PROBLEM: Lodged Corn. 

i n many o f the impor t an t chemical reac­

tions i n the plant . H i g h N rates are also 

impor t an t i n today's h igh yield corn 

produc t ion , but h igh N i f not balanced 

w i t h adequate K can cause lodging. 

Stronger and thicker stalks w i t h greater 

resistance to lodging result f r o m adequate 

K . Also , stalk health and nutr ient and 

water movement th rough the stalk as the 

grain develops are enhanced w i t h ade­

quate K . 

Other conditions can also contr ibute 

to increased lodging. Insect damage, ex­

cessive populat ion fo r the selected hybrid, 

inadequate l ight , moisture stress, or her­

bicide damage are other poss ib i l i t i e s . . . 

especially when potassium is also too low. 

A s you plan your corn fertility pro­

gram, take a look at potassium and make 

sure i t is at adequate levels. Remember . . . 

soil testing and plant analysis are impor­

tant diagnostic tools. Also , as you check 

your fields dur ing the year, keep an eye 

out f o r those lodged areas that may be a 

sign o f inadequate K . 

With adequate K , you can look fo r bet­

ter standing corn and higher yields and 

p rof i t s . • 

This message is available on a 3 ¥2 x 7¥2-inch information card. Other topics also 

currently available in the "Plant Problem Insights" series are: Poor Early Wheat 
Growth and Soybean Cyst Nematode. For more information, contact: Potash & 

Phosphate Institute (PPI), 2801 Buford Hwy, NE, Atlanta, GA 30329. See order 

form on next page.  
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Publications Available from PPI 
H E R E ' S H O W to order publications f r o m the Potash & Phosphate Institute (PPI) . 

A complete catalog o f i n f o r m a t i o n materials f r o m P P I w i l l be returned w i t h your 
request. 

Plant Problem Insights for Maximum Economic Yields 
See previous page. This is a c o l o r f u l series o f photo-cards, 
each w i t h a concise discussion o f a specific f i e l d problem, 
along w i t h positive tips f o r increasing yields and prof i t s . 
Specify your choices: Lodged C o r n ; Poor Early 
Wheat Growth ; Soybean Cyst Nematode 
Cost per card: IOC each (5C M C * ) 

For 1986 Prof it — Increase Yield to Lower Unit Cost 
A h e l p f u l folder w i t h ideas on how to manage f o r greater 
prof i t s i n 1986 w i t h a changing economic environment. 
Cost: 25C each (15C M C * ) 

Agro-Knowledge 18/What Affects Crop Response to Phos­
phate? This technical fo lder discusses factors other than 
P soil test wh ich affect crop response to phosphate f e r t i l i ­
zat ion. Cost: 25C each (15C M C * ) 

BETTER CROPS 
Fertilization for Conservation Tillage — 
Fitting the Pieces Together A d d i t i o n a l 
copies o f the Fall 1985 issue o f Better 
Crops with Plant Food are available. 
Focus o f the entire 40-page issue is on con­
servation til lage and related fe r t i l i za t ion 
practices. Cost: $1.25 each ($1.00 M C * ) 

Quantity Cost 

*The MC* symbol indicates Member Cost: 
For members of PPI, contributors to FAR, to 
university and government agencies. Total cost $ 

20% discount on orders of 1,000 or more 
copies of a single item 

• Payment enclosed 
• Bill me, add shipping to 

invoice 

Name 

Address 

City State Zip Code 

Organization or Firm 

Send to Potash & Phosphate Institute, 2801 Buford Hwy., NE, Suite 401, Atlanta, GA 30329 (404) 634-4274 
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Be Proud of Agriculture 
Twilight and evening bell 
And after that the dark! 
And may there be no sadness of farewell 
When I embark. 

Tennyson 

W E E N V I E D this classmate. His annual income exceeded a half 
million dollars. He lived in an elegant home with pool and tennis court. 
He had another home in Florida and travelled in his private plane. 

A friend, a retired agronomy professor, and I visited him shortly 
before his death. We complimented him on his success. By comparison, 
our simple lives in education and research in the field of agriculture 
seemed so insignificant. 

He soon put us straight: "The impact of your lives will be felt long 
after I am forgotten. It's not what you can get out of this world, but 
what you can give to it. Your former students and colleagues tell me 
how much you influenced their lives by what you GAVE to agriculture. 
I would gladly trade places with you." 

As we left our friend, envy gave way to pride in our field of agricul­
ture. It may not be a glamorous one today. Enrollment in ag colleges 
is dwindling. But the opportunity to serve others in that field 
grows... and grows. 

And that's what it's all about. We were glad we went to see him. • 

—J. Fielding Reed 
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