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B E T T E R CROPS W I T H P L A N T FOOD 

SYMPTOMS TO WATCH FOR 

Potassium (K) de f i c iency has shown u p o n 
lemons in t w o w i d e l y sepa ra ted a reas o f 

C a l i f o r n i a — a state w h e r e K hunger o f citrus 
in the f i e l d has not been recogn ized b e f o r e , 
t h o u g h K app l i ca t i ons have increased f ru i t 
size o f o ranges in some cases. 

Let's look a t signs o f K hunger on lemons 
a n d some methods f o r cor rec t ing this d e f i 
c iency: 

The symptoms have been observed (1) 
near San D iego on Lisbon lemon on 
C l e o p a t r a m a n d a r i n rootstock a n d (2) near 
San ta B a r b a r a on o ld - l i ne Eureka lemon 
on Sweet o r a n g e rootstock. 

In the L isbon e x p e r i m e n t , th ree sprays 
o f potassium n i t ra te ( K N 0 3 ) per y e a r a t 3 0 
lbs. per 100 ga l l ons o f sp ray solut ion p rac 
t i ca l l y e l im ina ted the v is ib le symptoms of 
the de f i c iency in a b o u t o n e yea r . 

In the E u r e k a e x p e r i m e n t , 2 0 lbs. o f 
potassium sul fa te per t ree b roadcas t under 
the trees in t w o successive yea rs m a r k e d l y 
reduced v is ib le symptoms o f de f i c iency in 
a b o u t t w o a n d a ha l f years . 

F O L I A G E S Y M P T O M S O F K H U N G E R 

Fol iage symptoms o f the de f i c iency on 
lemon resemble those r epo r t ed on g r a p e f r u i t 
in F lor ida b y P. F. Smith a n d G . K. Rasmus-
sen. 

The symptoms d e v e l o p p r e d o m i n a n t l y on 

the o lde r leaves. Numerous y e l l o w to y e l l o w -
b ronze pat terns a p p e a r , a n d g r a d u a l l y the 
w h o l e lea f m a y become a y e l l o w - b r o n z e 
co lor (see f r on t cover a n d p a g e 3 ) . 

The a f fec ted leaves m a y cur l t o w a r d the 
lower sur face. Leaves f r o m hea l t hy trees 
t e n d to cur l bu t not as much as those on 
K-def ic ient t rees. A f f e c t e d leaves d r o p p re 
ma tu re l y . W h e r e m a n y leaves on a shoot 
a re a f f ec ted , new g r o w t h m a y not d e v e l o p 
a n d d i eback results. 

In some w a y s , the f o l i a g e de f ic iency 
symptoms resemble those o f excess salts, 
pa r t i cu l a r l y o f b o r o n a n d sul fur . This p r o b 
a b l y exp la ins w h y K-hunger w a s not d e 
tec ted sooner in C a l i f o r n i a . The low-K c o n 
d i t i on in the t w o o rchards w h e r e ex 
per iments a r e b e i n g conduc ted was 
de tec ted b y l e a f a n a l y s i s . 

Potash 
HUNGER 

In 
Lemons 

BY 

T. W . EMBLETON 

W . W . J O N E S 

A . L. PAGE 

Univers i ty 

o f 

Ca l i f o rn i a 

C i t r u s 

R e s e a r c h 

C e n t e r 

Riverside 
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K H U N G E R S H O W S most ly on o lde r leaves . . . . X X . 
f irst b y m a n y y e l l o w a n d y e l l o w - b r o n z e pat terns . . . \ I 
wi th the w h o l e leaf g r a d u a l l y becoming ye l l ow -

b ronze . . . a n d sometimes cur l ing t o w a r d the lower FOLIAGE SIGNS 
sur face. 
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T A B L E 1. P O T A S S I U M A N D C A L C I U M IN L E A V E S F R O M K T R E A T E D 
A N D U N T R E A T E D T R E E S 1 

T r e a t m e n t 

- K 
+ K 3 

Sign i f i cance 4 

- K 
+ K 3 

Sign i f i cance 4 

6 / 6 2 1 1 / 6 2 1 / 6 3 
K, pe r cent in d r y leaves 

0 . 8 2 
0 . 9 3 

0 . 4 5 
0 . 5 4 

0 . 3 9 
0 . 5 0 

1"f -I--T-

C a , per cent in d r y l e a v e s 

4 / 6 3 

0 . 3 5 2 

0 . 3 8 

2 . 4 5 
2 . 1 8 

4 . 7 4 
4 . 2 4 

4 . 8 5 
4 . 3 5 

5 . 4 7 
5 . 0 0 

1 G r e e n , te rm ina l leaves f r o m nonf ru i t ing shoots w e r e s a m p l e d on each d a t e . 
2 Chlorot ic leaves o f the same c a l e n d a r a g e as the g reen leaves con ta ined 

0 . 2 0 % K a n d 6 . 3 5 % C a . 
3 S p r a y e d w i th 3 0 lb o f KNO3 p e r 1 0 0 g a l o f s p r a y in A p r i l , June, a n d 

N o v e m b e r , 1 9 6 2 . Leaf samples w e r e o b t a i n e d just p r i o r to s p r a y i n g in June 
a n d N o v e m b e r , 1 9 6 2 . 

4 * * = s igni f icant a t the 1 % leve l . 

FRUIT S Y M P T O M S O F K H U N G E R 

Lemons, f o r the f resh marke t , a r e 
p i cked on the basis o f size a n d co lor . 
Large f ru i t , g reen to l igh t g r e e n , a r e 
the most des i rab le . O n K-def ic ient 
lemon t rees, m a n y o f the f ru i ts tu rn 
y e l l o w in co lor b e f o r e t hey a r e l a r g e 
enough to harvest. The f ru i t has a 
smooth- tex tu red pee l a n d is f r e q u e n t l y 
more round in shape. Preharvest d r o p 
also occurs. 

L E A F A N A L Y S I S 

Leaf analyses f r o m the Lisbon ex
per iment a re shown in Tab le 1 . 

In this a r e a , lemons a r e f lush ing a n d 
f r u i t i ng more or less t h r o u g h o u t the 
yea r . But the major growth flush oc
cur red in M a r c h . A n e f fo r t was m a d e 
to o b t a i n leaves f r o m this f lush on a l l 
f ou r samp l i ng dates. 

The ca lc ium (Ca) concen t ra t ion in 
the lea f o f fers a r e a s o n a b l y g o o d 
g u i d e to the a g e o f the leaf . The per
cen tage o f Ca in the leaves increased 
on each successive samp l i ng d a t e , in 

d i ca t i ng the leaves w e r e o lde r on each 

successive samp l i ng d a t e . 
The K concent ra t ions in the leaves 

also decreased as the leaves became 
o lde r a n d there was a h igher con
cent ra t ion of K in the t r ea ted trees on 
a l l dates. 

However , the greatest d i f fe rence 
f r o m t rea tmen t occur red in J a n u a r y : 
— K, 0 .39 ; + K , 0 .50. The d i f fe rence in 
K concent ra t ion in the o l d leaves 
samp led in A p r i l was ve r y sma l l : — K , 
0 .35 ; + K , 0 .38 . 

Fo l iage symptoms on the un t rea ted 
trees became most a p p a r e n t in Febru
a r y a n d M a r c h a n d persisted t h r o u g h 
the f o l l o w i n g summer. There w e r e 
some f o l i a g e symptoms of the de f i 
c iency on the t r e a t e d trees bu t t o a 
cons ide rab ly less deg ree t h a n on the 
un t rea ted t rees. 

FRUIT A N A L Y S I S 

Tab le 2 shows t ha t K t rea tmen t in 
creased the K content in the peel a n d 
ju ice a n d d e l a y e d the deve lopmen t of 
y e l l o w co lor on the f ru i t . 
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T A B L E 2 . S O M E E F F E C T S O F K T R E A T M E N T O N F R U I T , M A Y , 1 9 6 3 

Trea tment 

- K 

+ K 
Signi f icance 3 

Fruit 
color 

r a t i n g 1 

1.72 
1.88 
** 

Rat io 
l e n g t h / 
w i d t h 

o f f r u i t 2 

1.30 
1.34 

Percent 
ac id b y 
w e i g h t 
in ju ice 2 

6 . 4 0 
6 . 8 8 
** 

Pounds 
ac id pe r 
ton f resh 

f r u i t 2 

4 7 . 3 
5 3 . 7 

Percent 
K in 
p e e l 2 

0.51 

0 . 7 0 

** 

M g K pe r 
1 0 0 ml 
ju ice 2 

1 3 7 
1 6 2 

** 

1 M e a n ra t i ng o f 5 0 frui ts pe r t ree when each f ru i t w a s p l a c e d into one o f 
th ree o f the f o l l ow ing classif ications: 1 = comp le te l y y e l l o w , 3 = comp le te l y 
g r e e n , a n d 2 = i n te rmed ia te . 

2 Means f r om 2 0 frui ts pe r t ree w i th e q u a t o r i a l d i a m e t e r o f 4 7 ± 2 mm. 
3 * = s igni f icant a t the 5 % leve l . 
* * = s igni f icant a t the 1 % leve l . 

This d e l a y in y e l l o w co lor deve lop 
ment increases the p ropo r t i on o f f ru i t 

t ha t goes into the f resh marke t i ng 

channels. M o r e e l o n g a t e d f ru i ts w e r e 
associated w i th the K t rea tmen t as in 
d i ca ted b y the ra t io of l e n g t h / w i d t h . 

The greatest ef fect of K t rea tmen t 
was on the pounds of ac id per ton of 
f resh f r u i t — l a r g e enough to be ve ry 
impor tan t f o r f ru i t t ha t goes into 
processing channels. 

The response in the t w o exper iments 
has not yet been long enough to e v a l 
uate y ie lds a d e q u a t e l y . Such records 
a re be ing o b t a i n e d . 

S O I L P R O P E R T I E S 

A l t h o u g h the t w o areas in wh ich K 

def ic iencies w e r e recogn ized a re 

w i d e l y se pa r a ted , the chemica l p r o p 
ert ies of the soils on wh ich the lemon 

trees we re g r o w n w e r e ra ther com

p a r a b l e . 
Tab le 3 shows representat ive d a t a 

f r o m the t w o locat ions. A l t h o u g h the 
exchange capac i t ies d i f fe r m a r k e d l y , 
the percent o f the exchange comp lex 
t aken up b y N a , K, C a , a n d M g , a n d 
the pH a re essent ia l ly the same. 

C o m p a r e d to most ag r i cu l t u ra l l y im
po r tan t soils in C a l i f o r n i a , the ex
c h a n g e a b l e K va lues a r e ex t reme ly 
low a n d the e x c h a n g e a b l e M g va lues 
a b n o r m a l l y h igh . This soil c o n d i t i o n — 
low e x c h a n g e a b l e K a n d h igh ex
c h a n g e a b l e M g — g e n e r a l l y leads to K 
nutr i t ion p rob lems in m a n y crops. 

THE END 

T A B L E 3 . S O M E C H E M I C A L P R O P E R T I E S O F T H E S O I L S 

Soi l locat ion 

Exchangeab le cat ions 

N a K M g Ca 

p H 
-Exchange sa tu ra ted 

c a p a c i t y pas te 

S a n D i e g o 
S a n t a B a r b a r a 

5 .7 
3.9 

0 . 7 
0 . 6 

4 6 
4 3 

4 1 
4 8 

m e . / l O O g 

4 2 
15 .5 

6 .4 
6 .3 
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SOIL TESTS TELL 

BY R. S. L I N C O L N , LAPEER (MICH.) C O U N T Y EXTENSION DIRECTOR 

Five winters a g o — i n 1 9 5 8 — L a p e e r Coun ty f a r m leaders d e c i d e d to 
encou rage more soil t e s t i n g — t o m a k e it more p o p u l a r a n d con 

ven ient f o r fa rmers . 
A t the t ime , severa l commod i t y commit tees w e r e meet ing to a n a l y z e 

cur rent p rob lems a n d pro jec t recommendat ions fo r the fu tu re . A t the 
hear t of the soil a n d l a n d use commi t tee repo r t was this suggest ion on 
soil test ing. 

"Fa rmers shou ld m a k e more use o f the soil test ing service. Fields 
shou ld be tested more o f ten as a series o f soil tests over a pe r i od o f 
years is o f more va lue t han on l y one test. The soil test ing service shou ld 
b e i m p r o v e d . Fees shou ld be increased to p rov ide fo r t a k i n g soil 
samples, m a k i n g maps a n d recommenda t i on charts. Most fa rmers d o not 
know how to t a k e representa t ive soil samples a n d the test can be no 
bet ter t h a n the samp le f r o m wh ich it is m a d e . " 

The A g r i c u l t u r a l Counc i l endorsed the repor t . As a result , a soil 
test ing a n d m a n a g e m e n t service p r o g r a m was o f f e red to fa rmers in 

June o f 1958. 

• F I R S T - M O R E P R A C T I C A L R E P O R T F O R M S 

Three Counc i l members o f f e r e d themselves a n d the i r fa rms as test 
f a r m s — t o test the p rog ram 's o p e r a t i o n , how unde rs tandab le the repor t 
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. . . in Michigan's Lapeer County where a 5-year 
soil test-management program uncovers clear 
needs for lime, phosphorus, and potassium. 

A N D L S. ROBERTSON, EXTENSION SPECIALIST IN SOILS 

forms w e r e , how o f ten a f a r m should be tested. These fa rms w e r e 
samp led each spr ing a n d f a l l f o r th ree years . 

W e soon f o u n d tha t o rgan ic soils f o r v e g e t a b l e p roduc t i on should 
be tested each yea r . Three-year test ing in tervals seem a b o u t r igh t fo r 
a l l o ther soils, w i th the least c h a n g e expec ted in c lay l oam a n d loam 
soils. 

Soil test results a n d fer t i l i zer a n d l ime recommendat ions w e r e re
co rded on the s tanda rd forms supp l ied b y the ASCS Of f i ce the f irst 
yea r . This meant recommendat ions f o r on l y the c rop to be g r o w n in a n y 
par t i cu la r yea r , leav ing the f a rmer to get a new recommenda t ion f r om 
the ag r i cu l tu ra l a g e n t each yea r . W e soon f o u n d this me thod was not 
p rac t i ca l . 

So the Lapeer Coun ty Extension staff redes igned the forms t o g ive 
each f ie ld a separa te p a g e fo r the fe r t i l i zer recommendat ions f o r each 
c rop g r o w n on the f a r m . This system is stil l used. 

Recommendat ions a re m a d e in rat ios a n d pounds of p lan t nutr ients 
needed fo r each c rop . By a convers ion t a b l e , the f a r m e r can conver t 
the recommendat ions to pounds per ac re of a fer t i l i zer g r a d e . A sup
p lementa l n i t rogen gu ide sheet helps the f a r m e r f i gu re a d d i t i o n a l n i t ro 
gen pounds needed fo r crops tha t respond to supp lementa l n i t rogen . 
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T A B L E 1. 5 - Y E A R S U M M A R Y O F F A R M E R S A N D A C R E A G E S A M P L E D 

IN L A P E E R C O U N T Y 

M i n e r a l S o i l s (1) 
N e w ( S e c o n d O r g a n i c 

Y e a r C o o p e r a t o r s S a m p l i n g ) S o i l s (2) Tota ls 

Numbers Acres N u m b e r Acres N u m b e r Acres N u m b e r A c r e s 

1 9 5 8 ( 3 ) 4 4 4 , 9 9 7 1 8 0 4 5 5 , 1 7 7 
1 9 5 9 4 7 6 , 2 1 5 1 8 0 4 8 6 , 2 9 5 
1 9 6 0 7 0 7 , 7 1 5 4 3 7 2 7 4 8 , 0 8 7 
1 9 6 1 4 3 4 , 9 2 7 13 2 , 7 2 5 6 9 6 2 6 2 8 , 6 1 5 
1 9 6 2 21 3 , 6 2 1 15 2 , 3 0 6 4 8 5 5 4 0 6 , 7 8 2 
1 9 6 3 (4) 2 7 3 , 2 0 6 

2 , 3 0 6 

9 1 ,372 3 6 4 , 5 7 8 

Tota l 2 5 2 3 0 , 6 8 1 2 8 5 ,031 2 5 3 ,721 3 0 5 3 9 , 5 3 4 

(1) Retest r e c o m m e n d e d a f t e r th ree yea rs . 
(2) Testing r ecommended e v e r y y e a r f o r v e g e t a b l e s . 
(3) Serv ice s ta r ted June 1 9 5 8 . 
(4) Covers p e r i o d f r o m J a n u a r y 1 to M a y 1 0 , 1 9 6 3 . 

• H O W IT O P E R A T E S - W H A T IT C O S T S 

To receive the service, a f a r m e r must furn ish a r o u g h l y d r a w n m a p o f 
his f a r m , showing field ac reages , b o u n d a r y roads , bu i l d i ng sites, etc. 
A n y a reas (sandy spots, p r o b l e m areas) or f ie lds once w o r k e d sepa
ra te l y can be set o f f w i th d o t t e d l ines to be samp led separa te l y . 

Shor t l y a f t e r the m a p is rece ived , a t r a i ned sample r goes to the f a r m 
to t ake as m a n y samples as necessary t o ge t an accu ra te sample of the 
soi l . 

Dur ing the first th ree yea rs , the county ran its o w n soil test ing 
l a b o r a t o r y . The cost o f the service d u r i n g this pe r iod was 2 0 cents per 
ac re , w i t h a $12 m in imum. In A p r i l , 1 9 6 1 , the county c losed its l ab 
a n d s tar ted send ing a l l samples to the state l a b o r a t o r y a t M i c h i g a n 
State Universi ty. 

This was d o n e (1) to insure more accu ra te tes t ing , (2) t o increase the 
number of tests run on each samp le , g i v ing more i n fo rma t i on on wh ich 
to base recommenda t ions . 

W i t h a rise in test ing cost, this Lapeer Coun ty service rose to 35 
cents per ac re s a m p l e d , w i t h a $ 2 5 min imum per f a r m . This increase 
has b a r e l y a f f ec ted the a m o u n t of fa rmers request ing the service. 

Since its b e g i n n i n g , the service has been se l f - suppor t ing , cover ing 
a l l soil test ing a n d f o r m p r in t i ng costs. N o a t t emp t has been f o r p ro f i t . 

• T H E R E P O R T T O T H E F A R M E R 

The county extension a g e n t makes the fe r t i l i zer a n d l ime recom
mendat ions f o r each f a r m . Each field sheet conta ins the test results, 
l ime recommendat ions , fe r t i l i zer recommendat ions fo r every c rop g r o w n 
on the f a r m , a n d a sect ion f o r the f ie ld 's c rop a n d soil t r ea tmen t reco rd . 
The repor t is p l aced in a no tebook a l o n g w i th sheets o f specif ic in 
f o r m a t i o n on crops a n d soil m a n a g e m e n t . 

W h e n he takes the repo r t to the f a r m , the a g e n t spends enough t ime 
w i th the c o o p e r a t o r to insure t h a t he fu l l y unders tands the test results 
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a n d recommendat ions a n d how to use them. This takes f r om one to th ree 
hours. A lso , he f i les a copy of the repor t in the county extension o f f ice , 
f o r easy counsel w i th the coope ra to r b y te lephone or let ter w h e n a n y 

quest ions ar ise. 

• H O W P O P U L A R W I T H F A R M E R S ? 

In the f i ve -year pe r iod (June 1 , 1 9 5 8 - M a y 10 , 1963) some 39 ,533 
acres have been s a m p l e d — 2 4 . 5 per cent of the to ta l c rop l a n d in 
Lapeer County . 

Tab le 1 b r ie f l y summarizes the progress of the samp l ing service. Some 
changes a re occur r ing in this p r o g r a m : 

f | A f e w fa rmers now take the i r o w n samples, ma in l y t o reduce 

costs. This is pe rm i t t ed , w i th every e f fo r t t o instruct f o r accura te 

samp l i ng . 

0 Two h igh schools have in t roduced a soil samp l ing p r o g r a m to 

the i r vo -ag classes, teach ing students to t a k e samples a n d make recom
mendat ions . Both the instructor a n d extension a g e n t check these recom
mendat ions . 

13 O n e e leva to r serv ing the county promotes the p r o g r a m b y he lp 

ing the i r customers p r e p a r e maps a n d shar ing p a r t o f the cost. In this 

case, the extension a g e n t makes the l ime a n d fer t i l i zer r ecommenda 

t ions a n d suppl ies the e leva to r w i t h a copy o f the repor t . In such cases, 

the county extension of f ice charges $2 to cover cost o f the no tebook 

a n d recommenda t ion forms. 

• M O R E LPK N E E D E D 

Soil tests can te l l y o u much a b o u t the soils of y o u r c o u n t y — s o m e 
times unknown prob lems. 

For e x a m p l e , not unt i l w e used the state l a b o r a t o r y d i d w e rea l i ze 
some Lapeer Coun ty soils w e r e ve ry l ow in magnes ium. From this 
k n o w l e d g e , w e a re cor rec t ing the def ic iency w i th ve ry l i t t le a d d i t i o n a l 
cost whe re the soil needs l ime. 

Tab le 2 proves the need fo r an educa t i ona l p r o g r a m , not on l y b y 
the extension service, bu t a lso b y the fe r t i l i zer i ndus t r y— t o increase 
use o f lime, phosphorus, and potassium. 

T A B L E 2 . 5 - Y E A R S U M M A R Y O F S O I L T E S T R E S U L T S IN L A P E E R 

C O U N T Y 

Per Cent 
o f Soils 

N e e d i n g 
Per Cent o f Soils Testing M e d i u m 

or Less 
Soil Texture 

C l a y l o a m a n d l o a m 

Lime 

4 1 

5 4 

5 9 

5 3 

P K M g 

8 6 7 7 2 
6 8 8 7 18 
4 6 8 3 3 9 
1 7 9 0 5 5 
3 0 5 5 0 

S a n d y l o a m 
L o a m y S a n d 
S a n d 
O r g a n i c So i l s 9 
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• I N T E R P R E T I N G R E S U L T S 

For L i m e 

For ty -one per cent of the c lay l oam a n d l oam soils need l ime. O f 
those need ing l ime, .4 per cent requ i red 5 t o 6 tons; 3.7 per cent 4 to 
5 tons ; 19 per cent 3 to 4 tons ; a n d 19 per cent 2 t o 3 tons o f l ime 
per ac re . S imi la r va lues have been ca l cu la ted fo r each o f the o ther 
g roups o f soils in the coun ty . 

For M a g n e s i u m 

A def ic iency o f magnes ium var ies g r e a t l y w i th soil tex tu re . The 
sand ier soils on the a v e r a g e h a d greatest need fo r this e lement . 

For P h o s p h o r u s 

Eighty-six per cent of the c lay l oam a n d loam soils tested med ium 
or l ow in phosphorus . The pe rcen tage of samples test ing med ium or 
l ow in phosphorus decl ines as sand content o f the soil increases. 

For P o t a s s i u m 

Seventy-seven per cent o f t he c lay l oam a n d loam soils tested med ium 
or l ow in potass ium. As soil t ex tu re changes f r o m c l ay to s a n d , the per
cen tage o f samples test ing med ium t o l ow in potassium increases. 

As a n impo r t an t d a i r y a r e a , Lapeer Coun ty ranks second in M i c h i g a n 
a l f a l f a p r o d u c t i o n , devo t i ng a b o u t 4 1 , 0 0 0 acres t o this c rop . A l f a l f a is 
a heavy f eede r o f potass ium, requ i r i ng 4 0 pounds K per t o n . So , our 
soils m a y b e b e l o w the cr i t ica l level in potass ium, espec ia l ly on fa rms 
w h e r e a l f a l f a is a n i m p o r t a n t c rop . 

To increase y ie lds a n d ma in ta i n potassium levels, a l f a l f a f ie lds shou ld 
be topdressed each y e a r acco rd i ng to recommendat ions based on soil 
results. Fai lure to ma in ta in g o o d potassium levels af fects not on l y f o r a g e 
y ie lds , bu t a lso c r o p y ie lds t ha t f o l l o w in the ro ta t i on . 

• M I C R O N U T R I E N T F U T U R E IN Y I E L D S 

Higher y ie lds seem to p inpo in t the need fo r micronutr ients on cer ta in 
crops. Though no specif ic test is now m a d e fo r micronut r ients , the i r 
a v a i l a b i l i t y is t i ed d i rec t l y to the k ind o f soil a n d p H leve l . For ex

a m p l e : 

fl A t p H levels a b o v e 6 .5 , the need f o r cer ta in micronut r ients on 

some crops increases. 

@ Crops t h a t respond to manganese a r e beans, po ta toes , sugar 

beets, a n d smal l g ra ins . 

Rl Crops t ha t m a y need b o r o n a r e sugar beets a n d a l f a l f a . 

F l Crops t ha t m a y respond to zinc a re beans a n d co rn . 

M ic ronut r ien ts can be used in several ways . Since they represent a n 
ex t ra cost, it is not g o o d economics t o a p p l y them to crops unless the 
need is c lear . 

• T H E V A L U E - A N D F U T U R E 

W e rea l i ze soil test ing is not the u l t imate in eva lua t i ng soil fe r t i l i t y 
levels a n d b a l a n c e . But t o d a y it is the best m e t h o d — a n d as more 
research is c o m p l e t e d , the va lue o f test ing w i l l increase. 
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It is h a r d to put a d o l l a r va lue on 
Lapeer County 's soil test ing p r o g r a m . 
W e have h a d m a n y test imonials on 
h igh y i e l d , imp roved q u a l i t y , do l l a r 

savings. Undoub ted l y soil test ing w i l l 
become more p o p u l a r as more f a r m 

ers recogn ize its va lue . 
Micronut r ien ts a re becoming increas

ing ly impo r t an t f o r p roduc ing some 

crops. The need fo r these elements a re 

best l ea rned by soil test ing. 
Soi l test ing is the key t o ef f ic iency 

in c rop p r o d u c t i o n — a n d ef f ic ient p ro 

duct ion is the key to increased prof i ts . 

THE END 

PUT YOURSELF 

IN THE PLANT'S 

PLACE! 

Plants must l ive under condi t ions a l 

lo t ted b y the g rowe r . They a re not f ree 

to move to a bet ter l oca t ion . A n d they 

canno t g o t o t o w n to ba lance the i r 

d ie t . 

N E W H A N D B O O K N O W 

AVAILABLE: 

Fight H I D D E N Hunger 

w i th Chemistry . 

S ing le C o p y Free 

A d d i t i o n a l Copies lOc' each 

W r i t e : Dept . B. C , A m e r i c a n 

Potash Inst i tute, 1102 16th 

St., N .W. , W a s h i n g t o n 3 6 , D.C. 

For Reliable 
Soil Testing Apparatus 

there is no substitute for 
LaMOTTE 

LaMotte Soil Testing Service is the 
direct result oi 30 years of extensive 
cooperative research. As a result, all 
LaMotte methods are approved pro
cedures, field tested and checked for 
accuracy in actual plant studies. These 
methods are flexible and are capable 
of application to all types of soil, with 
proper interpretation to compensate for 
any special local soil conditions. 

Time-Proven LaMotte Soil Testing Ap
paratus is available in single units or 
in combination sets for the following 
tests: 

Ammonia Nitrogen Iron 
Nitrate Nitrogen pH (acidity and alka-
Nitrite Nitrogen linity) 
Available Potash Manganese 
Available Phosphorus Magnesium 
Chlorides Aluminum 
Sulfates Replaceable Calcium 

Tests for Organic Matter and Nutrient 
Solutions (hydroculture) furnished only 
as separate units. 

LaMotte Combination 
Soil Testing Outfit 

Standard model for pH, Nitrate, Phos
phorus and Potash. Complete with 
instructions, including plant tissue tests. 

Illustrated literature will be sent upon 
request without obligation. 

LaMotte Chemical 
Products Co. 

Dept. BC Chestertown, Md. 
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BY T. C. MAURER 

SCS 

SPARTANBURG, S. C. 

WHY 
They 
WON'T 
Give 
Up 

The d r o u g h t of the e a r l y 50's was a 
blessing in disguise to fescue g r o w 

ers in the Southeast . 
It p r o v e d to them tha t this d e p e n d 

a b l e cool-season grass w i l l g i ve g o o d 
g r a z i n g y e a r a f te r yea r , d r o u g h t or 
no d r o u g h t , w h e n p r o p e r l y m a n a g e d . 

A n d — p e r h a p s more i m p o r t a n t — i t 
p r o v e d its va lue in a sod-based ro ta 
t ion w i th every r ow c rop g r o w n in the 
reg ion . 

Fescue tha t h a d been we l l f e r t i l i zed 
a n d p r o p e r l y used f o r g r a z i n g a n d 
seed p roduc t ion h a d a d e e p , v igo r 
ous l y -g row ing root system tha t ena 
b l e d it to w i ths tand the d rough t . Some 
f ie lds t ha t h a d seemed to be com
p le te l y g r a z e d out m a d e surpr is ing 

recover ies. 
Most o f the fescue losses occur red 

f r o m a comb ina t i on of u n f a v o r a b l e 

fac to rs : (1) G r o w i n g fescue on soils to 
wh ich it was not we l l a d a p t e d , (2) t oo 
l i t t le f e r t i l i za t i on , (3) heavy ove r -g raz -

i n 9 / (4) f a i l u re to p rov ide summer rest 
per iods , (5) the d r o u g h t t ha t lasted 
too l ong . 

B E C A U S E F E S C U E - L A D I N O sod 
d isked f o r r ow crops can mean bet ter 
q u a l i t y crops f o l l o w i n g the grass-
based ro ta t ions. 
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The f a v o r a b l e comb ina t ion of g o o d 

soils, p rope r f e r t i l i za t i on , spr ing rest 

per iods to permi t the grass to m a k e 

seed, summer rest per iods , a n d p rope r 

g r a z i n g he lped improve the longev i t y 

a n d produc t i v i t y of fescue. 

A W O N D E R F O R R O T A T I O N 

It p roved not on l y to be the " w o n d e r 
g rass " t ha t Big Hugh Bennett once 
p red ic ted it w o u l d b e c o m e — b u t a lso 
a w o n d e r grass in c rop ro ta t ions. 

Fields whe re the grass a p p e a r e d to 

B E C A U S E F E S C U E p rov ides knee-deep B E C A U S E F E S C U E p rov ides needed 
g r a z i n g in D e c e m b e r — a s in this f i e l d : soil a n d w a t e r conservat ion f o r new 
4 ,600 days of g r a z i n g , 9 tons of seed, o r c h a r d s — a s shown b y the v igorous 

2 ,900 ba les of h a y du r i ng the year . g r o w t h of 3 -yea r -o ld peach trees. 
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be d e a d or b a d l y d a m a g e d w e r e 
p l o w e d a n d put to o ther crops. P low
ing was t o u g h t h r o u g h the mass o f 

roots a n d c rop residue. Some fa rmers 
sa id it was h a r d to w o r k u p a g o o d 
seedbed or ge t a g o o d s tand . 

But w h e n the harvest was over , one 
m a n summed up the results: " I t w a s 
the cheapest corn c rop I ever m a d e . " 

A f t e r harvest ing g o o d , h i gh -qua l i t y 
crops f o l l o w i n g fescue sod , f a rmers 
s tar ted remember i ng back over the 
season: 

PI Some d idn ' t r emember seeing 

a n y w a t e r come of f the i r fescue f i e l d 
even a f te r heavy summer d o w n p o u r s . 

@ O t h e r f a rmers r e m e m b e r e d a 
1 0 - d a y to 2-weeks d r o u g h t w h e r e 
" f e s c u e - c o r n " d i dn ' t suffer a n d the 
d a r k - g r e e n co lor cou ld be spot ted as 

f a r as it cou ld be seen. 

SI In the t obacco a n d t ruck sec
t ions, those crops l ooked bet te r t h a n 
usual . The roots o f these crops w e r e 
f o u n d to be p rac t i ca l l y f r ee o f roo t 
knot nematodes . Y ie ld a n d q u a l i t y 
w e r e bet ter t h a n f o r the same crops 
in cont inuous row c rop systems. 

A T W O R K IN O R C H A R D S 

Peach trees have been p l a n t e d in 
fescue f ie lds in a w i d e va r i e t y o f pa t 
terns. In m a n y cases, th ree to f o u r fee t 
strips w e r e p l o w e d out o f sod f o r the 

t ree rows. 
The trees g r e w more v igo rous l y in 

every fescue f i e l d , regard less o f the 
pa t te rn f o l l o w e d . W h e r e the t ree rows 
we re p l o w e d on the contour a n d the 
midd les le f t in grass there was no soil 
or w a t e r loss. 

In most cases, the na tu ra l d ra ins 
we re lef t in fescue f o r d isposal o f 
excess r u n o f f — i f a n d w h e n there w a s 
runof f . 

The " i n s o a k " o f w a t e r into a f i e ld 
whe re fescue has been t u rned is a lmost 
u n b e l i e v a b l e — t h a t is, unt i l the soil is 
e x a m i n e d closely: 

n C lumps o f roots a n d pieces of 

the fescue c rown a re scat tered a l l 
over the sur face. 

0 These pieces o f c rop residue 
keep the ra ind rops f r o m pack ing the 
soil par t ic les toge the r as t hey str ike 
the sur face. The impac t o f the ra in 
d r o p is d ispersed b y the fescue residue. 

H The w a t e r soaks into the soil as 
fast as it fa l l s . A n d there is more c rop 
residue under the sur face o f the soi l . 

I N C R E A S E S W A T E R S T O R A G E 

W h e n fa rmers f irst s tar ted tu rn ing 
under fescue f o r r o w crops, t hey t r i ed 
to tu rn it a l l u n d e r — b u t cou ldn ' t . This 

p r o v e d to be f o r t u n a t e because the 
res idue lef t on the sur face increased 
in f i l t ra t ion . 

The residue under the sur face 
t h roughou t the p l o w e d a r e a he lped 
the w a t e r to move d o w n into the soi l . 
Fescue roots have been f o u n d th ree to 
f ive fee t d e e p in heavy soils, silts, 
c lays , a n d combina t ions o f these. 

The fescue roots d e c a y , l eav ing a 
m y r i a d o f roo t channels b e l o w the 
p l o w e d layer f o r the w a t e r to g o on 
d o w n d e e p into the subsoi l . C r o p roots 
g o d o w n a n d ge t the moisture t ha t has 
been s tored w i th the he lp of the fescue. 

In a d d i t i o n to w a t e r s to rage in the 
soi l , fescue residue returns some p lan t 
nutr ients. 

To f i n d out w h y , Soi l Conservat ion 
Service agronomis ts s tud ied f a r m e r ex 
per iences w i th crops a f te r fescue, 
wh ich h a d been establ ished acco rd i ng 
to the conservat ion p l a n . 

The Watk insv i l l e Exper iment Sta t ion 
h a d shown tha t unused fescue w o u l d 
supp ly 16 tons of oven -d r i ed residue 
per ac re , bu t these fa rmers we re using 
the i r fescue p r i m a r i l y f o r g r a z i n g . Field 
measurements under a l l condi t ions 
f i n a l l y g a v e an a v e r a g e f i gu re o f e igh t 
tons o f a i r - d r i e d residue per ac re . 

F E R T I L I Z A T I O N S T E P P E D U P 

O r d i n a r i l y , this much grass residue 
shou ld have b r o u g h t on serious n i t ro
gen de f ic iency symptoms in succeeding 
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crops. Surpr is ing ly , such compla in ts 

we re f e w . 
O n e reason is t ha t the use o f n i t ro 

gen on crops has been s tepped up 
t remendous ly in the past f e w years . 
Ano the r is t ha t fescue leaves, root 
hai rs, a n d smal l roots d e c a y r a p i d l y . 

If w e assume the fescue residue as 
one percent n i t r ogen , e igh t tons p r o 
v ides 160 pounds o f n i t rogen . Phos
pha te w o u l d be a p p r o x i m a t e l y .6 per
cent o r 9 6 pounds per ac re . Potash 

w o u l d be 2.5 percent or 4 0 0 pounds. 
This, w i th 20 -30 pounds o f n i t rogen 

in the fe r t i l i zer a p p l i e d to the c rop , 
p a r t l y exp la ins the g o o d g r o w t h a n d 
h igher y ie lds of crops f o l l o w i n g fescue. 

Farmers in the southeastern states 
have never g iven up on fescue. They 
have l ea rned how to use it to the i r 
a d v a n t a g e . Since it is the o n l y coo l -
season grass a d a p t e d to this ent i re 
a r e a , t hey must use fescue or d e p e n d 
on annua ls t ha t a r e subject to f a l l 
wea the r condi t ions. 

It gets too d r y or t oo co ld a t most 
i noppo r tune t imes f o r a n n u a l w in te r 
legumes, smal l g ra ins a n d grasses. 

Farmers w h o fe r t i l i ze a n d then rest 
the i r fescue f r o m June t h r o u g h O c t o 

ber can be sure o f g r a z i n g f r o m N o 
vember t h r o u g h M a y . Those w h o g o 

one step fu r the r a n d p roduce seed ge t 

their g r a z i n g a t no cost. The seed c rop 
pays the fe r t i l i zer b i l l a n d usual ly p r o 
duces some ex t ra income. 

B E S T G R A Z I N G A G E 

N o w tha t southeastern f a rmers have 
exper ienced the benef i t o f fescue on 
a l l r ow crops g r o w n , t hey a r e r a p i d l y 
increasing the a c r e a g e of new seed-

ings f o r g r a z i n g a n d f o r c rop ro ta t i on . 
The fa rmers w h o a r e rea l l y s tudy ing 

fescue repor t t ha t g r a z i n g is bet ter on 

2 - a n d 3 -yea r -o ld fescue t han on 6-
a n d 8 -year -o ld stands. N o t o n l y is the 
fescue bet ter g r a z i n g , bu t the chances 
a re bet ter o f keep ing a n a d a p t e d 
legume in w i th the fescue. 

This is a f e r t i l i za t i on , seasonal g r a z 

i ng , a n d s tock ing- ra te p r o b l e m tha t 
still remains to b e so lved. 

Tobacco , t ruck a n d , gene ra l f a rmers 
have l ea rned tha t t w o to th ree years 
o f fescue cuts roo t knot nema tode to a 
min imum a n d gives 75 to 80 percent o f 
the to ta l benef i t to succeeding r ow 
crops, if the grass has not been heav i l y 
o v e r - g r a z e d . 

These a re some reasons tha t f a r m 

ers in the Southeast have never 
g iven up on fescue. They 've f o u n d it 
g o o d f o r the i r ca t t le , the i r soi l , the i r 
c r o p s — a n d thei r pocke tbooks . 

THE END 

NEW 

Soybean Wall Chart 

The new 16 x 21- inch soybean char t 
is spec i f ica l ly des igned fo r use on the 

wa l ls o f off ices, warehouses, stores, 
classrooms, a n d o ther pub l i c p laces 
t ha t f ea tu re educa t i ona l messages. 

S i n g l e S a m p l e C o p y F r e e Q u a n t i t y : 150 e a c h 

The Amer i can Potash Institute Inc., 1102 16th Street, N .W. , W a s h i n g t o n 3 6 , D.C. 
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The o l d idea t ha t soybeans is a 
scavenger c rop is s o u n d — u p to a 

po in t . They will p ick u p a n d use nut r i 

ents le f t over f r o m a n ear l ie r c rop . 

T roub le is, beans can ' t scrounge 
p lan t f o o d tha t isn't the re . A n d a 4 0 -
bushel b e a n c rop needs 35 pounds 
P 2 0 5 (15 pounds P) a n d 55 pounds 
K 2 0 (46 pounds K). 

Soi l tests a n d surveys a re showing 
tha t in f a r t oo m a n y f ie lds there a ren ' t 
enough nutr inets le f t over t o sat isfy a 
b i g b e a n crop 's a p p e t i t e . A n d w i t h 
l ime also lack ing in the ma jo r i t y of 
these f ie lds , chances f o r t o p prof i ts 

a re d o u b l y sl im. 

In D e l a w a r e , a lmost one out o f f o u r 
f ie lds checked in 1963 showed severe 
nut r ient def ic iencies. In N o r t h C a r o l i n a , 
soil test results show 9 0 % of soybean 
l and short on fe r t i l i zer a n d 8 5 % short 
on l ime! S imi lar condi t ions exist in 
most Southern states. 

N o r t h Caro l ina ' s a v e r a g e soybean 
y i e l d was 24 bushels in 1963. Yet the 
t o p y i e l d w a s 6 0 bushels. (See " S i x t y 
Bushel S o y b e a n Barr ier B r o k e n ! " p a g e 

24. ) 

Fert i l izer isn't the o n l y answer to low 

soybean y ie lds bu t it o f t en is the most 

impor tan t . 

W h a t sort of d ie t does a h i gh -p ro 
duc ing soybean c rop need? In g e n e r a l , 
it shou ld be med ium to h igh in phos
phorus a n d potass ium, a d e q u a t e in 
t race minera ls , w i t h a pH be tween 6.0 

a n d 6.5. 

• L i m e is the p lace to start boos t ing 
fe r t i l i t y on most fa rms . N o d u l a t i n g 
bac te r i a t ha t conver t n i t rogen in the 
a i r to a f o rm soybeans can use need 
a pH near 6.2 to d o the i r best w o r k . 
Beans also show l i t t le response to a p 
p l ica t ions o f P a n d K w h e n soil is a c i d . 
If ca lc ium a n d magnes ium a r e d e f i 
c ient , do lomi t i c l ime w i l l supp ly these 
e lements wh i l e i t adjusts p H . 

O n M a r y l a n d p lots, researchers g o t 
u p to $ 6 re turn f o r every l ime d o l l a r 

spent. 

B E T T E R CROPS W I T H P L A N T FOOD 

SOYBEANS GET I 
By Assistant Editor Ha l Johnsc 

Don ' t ove r l ime , however , on sandy 
coasta l soils. N a t u r a l manganese d e f i 
ciencies a re a g g r a v a t e d w h e n pH 
goes much a b o v e 6.2 . 

• P h o s p h o r u s is necessary to g ive 
p lants a fast a n d v igorous start a n d 
s t imulate t o p y ie lds. Phosphorus de f i 
c iency can f o o l y o u , t oo . It won ' t cause 
v is ib le p l a n t symptoms. 

• P o t a s s i u m is " s teak a n d p o t a t o e s " 
to soybeans. This is the e lement 
needed in l a r g e amounts . If it's lack
i ng , you ' l l not ice these symptoms: Leaf 
edges w i l l tu rn y e l l o w a n d cup . M a 
tu r i t y w i l l be d e l a y e d , de fo l i a t i on s low, 
a n d y ie lds ' w a y d o w n . In cases o f ex
t reme potassium def ic iency , beans w i l l 
b e w r i n k l e d a n d shr ive led. 

• T r a c e m i n e r a l s a re also cr i t ica l to 
h igh y ie lds , bu t most a r e a b u n d a n t in 
Southern soils. M a n g a n e s e , coppe r , 
a n d m o l y b d e n u m a re def ic ien t in cer
ta in soils, however , a n d can g r e a t l y 
depress y ie lds if not a p p l i e d in fe r -
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You' l l ge t highest y ie lds b y supp ly
ing needed nutr ients in a b a l a n c e d 
ra t i o , N . C. Exper iment Sta t ion results 
show: 

Return 
Per 

A c r e 
A b o v e 

Trea tment C o s t s 

Lime on ly $ 7 

Lime plus 4 0 lbs. P 2 0 5 10 
Lime plus 8 0 lbs. K 2 0 16 
Lime plus 4 0 lbs. P2O5 a n d 

8 0 lbs. K 2 0 2 6 

1UNGRY, TOO! 
n In The P r o g r e s s i v e F a r m e r M a g a z i n e 

t i l izer , dusts, or sprays (or seed t rea t 
ment f o r m o l y b d e n u m ) . 

If you f i gu re you ' re d o i n g every 
th ing else r igh t , bu t can ' t ge t y ie lds 
up , suspect a t race minera l de f ic iency . 
Ask you r county agen t f o r he lp if this 
seems to be your p r o b l e m . 

• N i t r o g e n app l i ca t i ons have go t ten 
poo r response on most Southern soy
bean l a n d . A l t h o u g h beans use l a rge 
amounts of N , most o f it is p rov i ded 
b y nodu la t i ng bac te r ia on c rop roots. 
M a i n t a i n i n g pH a t the r ight level a n d 
inocu la t ing your seed beans each y e a r 
w i l l keep n i t rogen suppl ies a d e q u a t e . 

H o w you a p p l y p lan t f o o d af fects 
soybean y ie lds , t oo . Beans a re espe
c ia l l y sensitive to fer t i l i zer a p p l i e d too 

close to the seed. 
M a n y states recommend b roadcas t 

app l i ca t ions unless fe r t i l i zer can be 

b a n d e d a t least 2 inches to the side 
a n d 2 to 4 inches b e l o w seed. In South 

Ca ro l i na studies, 300 pounds 0-14-14 
(or its equ iva len t ) p l aced closer t han 

4 to 6 inches f r o m seed reduced y ie lds , 
even t hough stands w e r e not a f f ec ted . 

V i r g i n i a recommends b roadcas t i ng 
needed fe r t i l i zer on the cover c rop 
p reced ing beans , w i t h no d i rec t fe r 
t i l i za t ion of beans. Broadcast ing a n d 
p l o w i n g d o w n fe r t i l i zer a h e a d o f 
beans helps a v o i d seed in jury . 

In a l l cases, a soil test is the best 

w a y to de te rmine nut r ient needs on 
you r soybean l a n d . The test w i l l te l l 
y o u : 1) how much fe r t i l i zer y o u need , 
2) how much l ime, a n d 3) whe the r 
do lomi t i c or calci f ic l ime is best in you r 

case. 

If you can ' t test in t ime this sp r ing , 
be safe . A p p l y 300 to 4 0 0 pounds 
0-10-20 or its equ iva len t per ac re . 

O n today ' s soybean marke t , 12 to 
15 bushels per acre w i l l p a y a l l you r 
costs, including lime and fertilizer. 
Every bushel y o u can push y ie lds 
a b o v e this is pure pro f i t . 

Progressive Farmer 



Vegetation 
at work 

for 
HIGHWAYS 

Condensed f r o m 
P u b l i c W o r k s M a g a z i n e 

THIS H Y D R A U L I C M A C H I N E can 
seed a n d fe r t i l i ze 65 ,000 sq. f t . o f 

g r a d e d roads ide in a b o u t 2 0 minutes. 
Use o f bu l k u rea , t r i p l e superphos
phates a n d mur ia te o f po tash has cut 
fe r t i l i zer h a n d l i n g as much as 5 0 % . 

By E. F. BUTTON 

STAFF A G R O N O M I S T 

C O N N E C T I C U T STATE 
H I G H W A Y DEPARTMENT 

Estab l ish ing vege ta t i ve cover on 

h i g h w a y embankmen ts presents 
d i f f icu l t ies tha t a re not insurmountab le 
if the f u n d o f a v a i l a b l e k n o w l e d g e in 
the re la ted f ie lds o f soil m a n a g e m e n t , 
l andscape eng i nee r i ng , soil a n d w a t e r 
conserva t ion , a n d p lan t eco logy is 
u t i l i zed . 

W O R K B L A Z E D B Y B L A S E R 

The reade r is r e fe r red to the vast 
a m o u n t o f h i g h w a y vege ta t i on s lope 
s tab i l i za t ion w o r k accompl i shed b y 

Dr. R. E. Blaser o f V.P. I . , B lacksburg , 
V a . , a n d pub l i shed in the f i ne repor ts 
o f the V i r g i n i a Counc i l o f H i g h w a y 
Invest igat ions a n d Research. M u c h o f 
his w o r k is a lso repo r t ed in past Pro
ceed ings o f the H i g h w a y Research 

Board o f the N a t i o n a l A c a d e m y o f 
Sciences, W a s h i n g t o n , D. C. 
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B U R L A P A F T E R S E E D I N G prevents erosion unt i l seed is estab l ished. The b u r l a p 

is ca re fu l l y p l aced in the med ian depression to g u a r d aga ins t wash ing topso i l 

a n d c l o g g e d catch-basins. 

" M o r e p o t a s h w i t h n i t rogen t o p d r e s s i n g s on 
m e d i a n s w o u l d p r o m o t e w i n t e r h a r d i n e s s a n d 
d i s e a s e r e s i s t a n c e . R a t e s of e a c h a r e s u b j e c t to 
loca l c o n d i t i o n s . " 

H Y D R O S E E D I N G P I O N E E R S 

The deve lopmen t o f the hydroseeder 
a n d the hydroseed ing me thod f o r m ix 

ing seed, fe r t i l i zer , a n d insecticide in 
a w a t e r s lur ry a n d sp ray ing on to the 
soil sur face (by John L. W r i g h t a n d 
W i l l i a m C. G r e e n e o f the Connect icut 
State H i g h w a y Depar tmen t in 1939-
40) e l im ina ted cost ly topso i l ing on 
most h i g h w a y embankments . 

Con t inua l w o r k b y these men g r e a t l y 
reduced the a m o u n t o f seed requ i red 
per ac re . 

A h igh deg ree o f un i fo rm i t y o f seed 
a n d fer t i l i zer d is t r ibut ion can b e ac
compl ished b y we l l - t r a i ned w o r k m e n . 
H a y o r s t raw mulch p laced a t a ra te 
o f IV2 to 2 tons per ac re on slopes 
f resh ly seeded produces grass o r 
legume stands c o m p a r a b l e to stands 

o b t a i n e d b y o lde r convent iona l me th 
ods, a n d a t a smal l f r ac t i on o f the 
f o rmer costs. 

Using mulch on slopes is essential 
to p roduce in i t ia l vege ta t i ve stands. 

F E R T I L I Z A T I O N E S S E N T I A L 

M a i n t e n a n c e topdress ings o f fe r 
t i l i zer a re necessary to ho ld the in i t ia l 
s tand in the cr i t ica l f irst th ree years 
a f t e r establ ishment . Y e a r l y a p p l i c a 
t ions o f l ow rates o f comp le te f e r t i l 
izers, o r o f n i t rogen (depend ing on 
t y p e o f vege ta t i on , soil cond i t ions , a n d 

c l imate) should be p l a n n e d a n d b u d g 
e ted f r o m the ve r y b e g i n n i n g . 

A N e w York State Depa r tmen t o f 
Publ ic W o r k s repor t in 1955 es t imated 
t o p soil a l one cost be tween $ 2 4 0 0 a n d 
$ 5 6 0 0 per ac re . To ta l costs o f soil 
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p r e p a r a t i o n a n d estab l ish ing grass 
cover on embankments o f ten exceeded 

$ 9 0 0 0 per ac re . 
Cur ren t costs o f estab l ish ing grass 

or l egume cover on shaped h i g h w a y 
embankments ( inc lud ing seed ing a n d 
mu lch ing) a r e o f ten less t h a n $ 4 8 0 
per ac re , w h e r e the hyd roseed ing 
me thod is used on u n l o a m e d a reas . 

Commerc ia l hydroseeders now a v a i l 
a b l e a t reasonab le costs a r e super ior 
to the Connect icut p ro to types a n d can 
ef f ic ient ly h a n d l e slurr ies of a much 
h igher sol ids content . Commerc i a l 
mulch b lowers a re ef f ic ient a n d most 
a re now e q u i p p e d to dispense a n 
aspha l t i c emuls ion on the h a y or s t raw 
as it leaves the d ischarge nozz le o f 
the b l owe r . F lex ib le extension " t u b e s " 
on some models permi ts more un i f o rm 
d is t r ibu t ion of the mulch on h igher 
slopes a n d under less- than- favorab le 
w i n d condi t ions. 

G R A S S A N D L E G U M E S P E C I E S 

Present use of var ious comb ina t ions 
of K-31 or A l t a Tal l Fescues, C reep ing 
Red Fescue, Kentucky Bluegrass (w i th 
e i ther Redtop or ryegrass f o r qu ick 
emergence) has been g e n e r a l l y satis
f a c t o r y in the Nor theas t . 

Ryegrass rates w h e n seeded w i th 
the fescues or b luegrass shou ld be 
kep t under a m a x i m u m of f ive pounds 

per ac re . 
Field b romegrass , an a n n u a l , shou ld 

f i nd its w a y into more h i g h w a y mix
tures f o r f a l l or e a r l y spr ing seed ing . 
This p lan t is not persistent, a n d has a 
ve ry sparse t o p g r o w t h ; bu t the roo t 
g r o w t h in the e a r l y pa r t of the season 
is ve r y heavy a n d f i b rous , impa r t i ng 
exce l lent soil ho ld i ng proper t ies unt i l 
the more pe rmanen t species become 

estab l ished. 
T a l l , coa rse -b laded reed c a n a r y 

grass, con t ra r y to p o p u l a r o p i n i o n , 
does ve r y we l l on d r o u g h t y sites, mak 
ing a g o o d c o m p a n i o n f o r C r o w n 
vetch on sites not in f u l l v i ew of the 
t r ave l i ng pub l i c . 

C r o w n vetch seeded w i th e i ther (or 
bo th ) ryegrass a n d ta l l fescue makes 

an exce l len t l ow-ma in tenance g r o u n d 
cover f o r h i g h w a y embankmen ts a n d 
w i l l soon become more p o p u l a r w i t h 
n o r t h e a s t e r n h i g h w a y d e p a r t m e n t s . 
C r o w n vetch requi res a t least th ree 
years to become we l l -es tab l ished under 
Connect icut condi t ions ( f rom seedings) 
a n d shou ld not b e p l a n t e d w i th c reep
ing red fescue f o r the best results. 

In m a n y a reas , Birdsfoot t re fo i l w i l l 
pe r f o rm as we l l as C r o w n ve tch . O c 
cas iona l topdress ings o f phosphorus-
potash fer t i l i zer , w i t h some h y d r a t e d 
l ime, w o u l d be bene f i c ia l to e i ther 
C r o w n vetch o r Tre fo i l stands. 

In the southern por t ions of the N o r t h 
east, var ious shrub a n d seeded lespe-
dezas a re su i tab le f o r low-cost s lope 
vege ta t i on . 

F E R T I L I Z A T I O N F O R S E E D I N G 

A reasonab le a m o u n t o f n i t rogen 
shou ld be de r i ved f r o m urea fo rms 
f o r low-cost , s low-re lease n i t rogen . In 
some areas , g o o d 10-20-10 g rades 
a re a v a i l a b l e — b u t d o u b l e the ra te o f 
a 5-10-5 is not qu i te the same t h i n g . 
Using h igh amounts of 5-10-5 in p lace 
o f a 10-20-10 can l ead to a n exces
sively h igh ( and t e m p o r a r i l y tox ic) sal t 
content on l o w - b u f f e r e d soils as sand 
or g r a v e l . 

A 10-10-10 f o r m u l a t i o n can be fo r 
t i f i ed b y a d d i n g ex t ra u rea fo rm n i t ro
gen to the a p p l i c a t i o n . For example, 
more potash with nitrogen topdressings 
on medians would promote more win
ter hardiness and disease resistance. 
Rates of each are subject to local con
ditions. 

Soils should be l imed if the pH in
d icates ac id i t y , if ca lc ium a n d m a g 
nesium a re low , or if tox ic a l um inum 
is med ium h igh to h i g h , espec ia l ly on 
the l ighter soils. 

The impor tance o f ad jus t ing soil pH 
fo r p r o p e r u t i l i za t ion o f p l an t nutr ients 
canno t b e ove remphas i zed . O n soils 
w i th a h igh s i l t -c lay f r a c t i o n , the a d d i 
t ion o f gypsum ( land-p las te r ) can he lp 
keep the soil sur face f r o m p u d d l i n g , 
he lp keep the soil more open to root 
a n d w a t e r movement . Gypsum is not 
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a g o o d sur face add i t i ve . To be f u l l y 
e f fect ive, it must be w o r k e d into the 
t o p f e w inches of soi l . 

M U L C H I N G M A T E R I A L S 

Connect icut has expe r imen ted w i th 
m a n y mater ia ls f o r mu lch ing or soil 
s tab i l i za t ion purposes. 

S O D I U M S I L I C A T E (water-g lass) 
helps stabi l ize soils aga ins t movement , 
p rov ided the " s o d a " can be removed 
suff ic ient ly to a l l o w the si l icate to 
h a r d e n . A n app l i ca t i on heavy enough 
or w i th enough ac id to " s e t " the ma

te r ia l w o u l d not be conduc ive to es
tab l i sh ing new grass or legumes. 

A E R O - S P R A Y 5 2 B I N D E R can be 
used on soils w i th a h igh pe rcen tage 
of " f i n e s " f o r dust contro l a n d l imi ted 
surface w i n d a n d wa te r eros ion. Rates 
a b o v e 5 percent b y l i qu id vo lume a t 
1,000 ga l lons per acre seem to be the 
l imit endu red b y new seedl ings. 

L A T E X F O R M U L A T I O N S sp rayed 
on f resh ly seeded areas have success

f u l l y p roduced g o o d stands of vege 
t a t i o n — b u t a n y mate r ia l t ha t depends 
on a sur face- f i lm over the soil is a t 
some d i sadvan tage if the f i lm is 
b roken . W i n d or w a t e r can get under 
the f i lm to cause some eros ion. 

N E T T I N G S o f var ious types to ho ld 

d o w n h a y or s t raw in p lace of aspha l -

tic emulsions have p roved expensive in 
ei ther mate r ia l o r l abo r costs. Jute 
nett ings have he lped d r a i n a g e - w a y s 
b e a r i n g in termi t tent wa te r . Common 

b u r l a p works equa l l y as we l l in such 

situations. 
W O O D C E L L U L O S E F IBER is the 

most a t t rac t ive a n d economica l l y m a n 
u fac tu red mulch on the marke t f o r 
hydroseed ing t o d a y . A d d i n g t empo 
ra r y g reen mark i ng d y e helps the hy
droseed ing crew to de te rmine a d e 
qua te cove rage . This mate r ia l as an 

a l te rna te f o r h a y or s t raw is now a p 
p roved b y the Connect icut H i g h w a y 

Depar tmen t a n d several o ther State 
H i g h w a y Depar tments . 

Its use, a d d e d to the seed, fe r t i l i zer 
or insecticide s lurry results in a d r a 
mat ic reduct ion in the number of l abor 

ers a n d expensive pieces of equ ipmen t 

requ i red to seed a n d fe r t i l i ze a com
p le te acre . Final costs can stay within 
700 pe r square yard for seeding and 
mulching. 

Final stands of grasses or legumes 
a re usual ly c leaner o f u n w a n t e d 
grasses or weeds o f ten in t roduced w i th 
h a y or s t raw mulch . W o o d cel lu lose 
f i be r tends to be more f i re resistant 
t han h a y or s t raw, a n a d v a n t a g e on 
h i g h w a y slopes. 

The au tho r does fee l it should be 
used a t h igher rates t h a n the m a n u 
fac turer 's r ecommended 1,000 lbs. per 
acre on ve r y steep slopes or slopes 
compr ised o f a soil w i t h a s i l t -c lay 
f rac t i on lower t han 3 0 percent . 

The au tho r has also no ted qu icker 
stands of grass o b t a i n e d (under con
di t ions o f low moisture ava i l ab i l i t y ) if 
pa r t or a l l o f the seed is a p p l i e d 
under the wood cellulose fiber mulch. 

The a d v a n t a g e o f a one-shot a p 
p l i ca t ion , however , is impo r tan t 
enough to over - r ide this smal l d i sad 
v a n t a g e b y increasing the seed ra te 
per acre b y a t least 10 percent . 

P R E - G E R M I N A T E D S E E D F U T U R E 

In the near fu tu re one w i l l be a b l e 
to o b t a i n p re -ge rm ina ted seed in a 
f o rm easy to hand le a n d store ( for a 
br ie f pe r i od of t ime) . A d d i n g such p re -

g e r m i n a t e d seed, a l o n g w i th a por t ion 

of un t rea ted seed to the hydroseeder 
s lurry , w i l l e n a b l e the landscape eng i 
neer or seeding con t rac to r to establ ish 
g r o w t h on a new a r e a in a ve ry short 

a n d p red i c tab le t ime , o ther condi t ions 
be ing su i tab le. 

DIP T R E A T M E N T TESTS 

The au tho r is now expe r imen t i ng in 
the l a b o r a t o r y w i th a ma te r i a l t ha t 
can be used as a d i p t rea tmen t f o r 

seed, as an add i t i ve to a seed s lurry , 
or as a sp ray over a seeded a r e a ac
co rd ing to the manu fac tu re r . 

W h e n a d d e d in the moisture re
qu i r ed to ge rm ina te the seed o f c reep
ing red fescue, it has p r o d u c e d 35 per
cent e m e r g e d , hea l thy seedl ings in 
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e igh t days as c o m p a r e d to o n l y 12 
percent e m e r g e d seedl ings f r o m un 
t r ea ted seed; a n d 6 5 percent f r o m the 
t r ea ted seed in 22 days as c o m p a r e d 
to 37 percent in the same pe r i od f r o m 
un t rea ted seed. 

This ma te r i a l is de r i ved f r o m sea
w e e d , a n d a p p e a r s to con ta in one o r 
more p l an t hormones or enzymes thus 
f a r not iso lated o r i den t i f i ed . 

L A W N S V I A H Y D R O S E E D E R 

The au tho r has been m a k i n g a t w o -
y e a r s tudy on the use o f the h y d r o -
seed ing me thod f o r lawns o r smal l 
a reas. 

Lawns of var ious sizes a n d a reas 
w i th slopes steeper t h a n 4 5 degrees 
have been seeded b y this me thod w i t h 
f ine tu r f grasses such as comb ina t ions 
o f Penn lawn a n d M e r i o n bluegrasses 
w i th common c reep ing red fescue a n d 

Kentucky b luegrass. 

In such a reas , soil p r e p a r a t i o n is o f 
p a r a m o u n t impor tance . O n a reas h igh 
in silts a n d c lays, as much as 2 tons o f 
gypsum a n d 6 0 0 lbs. o f t r eb le super
phospha te ( 4 6 % ) w e r e ro to t i l l ed into 
the t o p 4 to 6 inches. The a reas w e r e 
b r o u g h t to f in ish g r a d e a n d l imestone 
a p p l i e d . The a reas w e r e then t r e a t e d 
w i th seed, fe r t i l i zer , insesticide, f u n g i 
c ide a n d Tur f iber in one s lurry. 

In every case the hydroseeder is lef t 
in the street a n d the s lur ry p u m p e d 
t h r o u g h as much as 2 0 0 fee t o f l!/2-
inch canvas f i re hose. The stands o f 
tu r f o b t a i n e d have been excep t i ona l l y 
d e e p - r o o t e d , dense, un i fo rm a n d 
v igorous . 

Costs, inc lud ing soil add i t i ves , ro to -
t i l l i ng , f i na l g r a d i n g , a n d hyd roseed-
ing have r a n g e d f r o m 3 to 5Vi cents 
per sq. f t . , d e p e n d i n g on the a m o u n t 
o f add i t i ves a n d soil p r e p a r a t i o n re
q u i r e d . 

Use o f the w o o d cel lu lose f i be r 
mu lch , even on f l a t or l o o m e d a reas , 
ho lds the mater ia ls f i rm l y in p lace , 
conserves moisture, a n d produces a 
ve ry r a p i d cover of grass. 

This me thod is ce r ta in l y a v a l u a b l e 
ad junc t to the smal l l andscaper , f o r 
smal l a reas as we l l as f o r the l a rge 
seeding con t rac to r f o r b i g a c r e a g e . 
The opera t ions w o u l d lend themselves 
ve r y we l l f o r housing deve lopments . 
Mun ic ipa l i t i es m igh t d o we l l to look 
into the a d v a n t a g e s o f acqu i r i ng a 
hyd roseed ing uni t f o r c i ty a n d pa rk 
seeding a n d fe r t i l i z i ng . 

A d d i t i o n a l cost o f less t h a n $ 1 5 0 
can conver t a hydroseeder into a g o o d 
l ow pressure sprayer f o r insecticide 
s p r a y i n g , a n d f o r M H - 3 0 app l i ca t i ons , 
r e g u l a r l y known as chemica l m o w i n g . 

THE END 

EAR SIZE 

corn yield clue 
If y o u harvest b i g corn ears this f a l l , y o u m a y be losing as much as 12 to 4 0 

bushels o f y i e l d per ac re . These h igh ea r we igh ts m igh t eas i ly show tha t y o u 
have t oo low a p l an t p o p u l a t i o n . Low ear we igh ts , on the o ther h a n d , usual ly 
ind ica te l ow fe r t i l i t y levels. This char t can he lp y o u a t ta in the r igh t b a l a n c e o f 
p l an t p o p u l a t i o n a n d fe r t i l i t y t o p roduce m a x i m u m y ie lds : 

A v e r a g e E s t i m a t e d 
E a r W e i g h t F a c t o r s A f f e c t i n g E a r W e i g h t Y i e l d L o s s 

. 6 0 - 7 5 l b . S tand much t oo l ow 

. 5 2 - . 6 0 l b . S tand t oo l ow 

. 4 8 - . 5 2 lb . S t a n d b a l a n c e d , ferti l i ty a d e q u a t e 

. 4 0 - . 4 8 l b . Fert i l i ty l imi t ing o r s tand h igh 
Be low . 4 0 l b . Fert i l i ty severe ly l imi t ing o r s tand t oo h igh 

12 to 4 0 bushels 
0 to 12 bushels 
0 b u s h e l s 
0 to 6 bushels 
6 to 2 0 bushels 

Soi l Fert i l i ty News 
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Bushels Per Acre 

MORE PLANTS . . . MORE BUSHELS 

in CORN future 
By Roudel l Byrd 

W H A T makes h igh corn y i e l d s — 1 0 0 to 2 0 0 bushels per acre? 
There a re th ree steps (ca l led H igh Prof i t Tr io b y some) t ha t d i rec t l y a f fec t 

y ie lds o f co rn . 
1 . Plant a h igh capac i t y h y b r i d va r ie ty . 
2 . Plant a th ick s t a n d — a p lan t every 8 inches or closer. 
3. A p p l y ex t ra p lan t f o o d to f e e d the ex t ra p lants . 
A closer look a t C. S. Bazemore 's W e t u m p k a V o c a t i o n a l Ag r i cu l t u re class 

reveals t ha t producers in the g roup 's corn g r o w i n g contest showed a d i rec t 
co r re la t ion be tween y ie lds a n d the three-step concept re fe r red to ear l ie r . 

N o t e f r o m the g r a p h , e lsewhere on this p a g e , the d i rec t co r re la t ion be tween 
p lants per acre a n d y i e l d per ac re . O f course, the fe r t i l i zer or p l an t f o o d must 

be increased as the p lan t number is increased or the co r re la t ion cou ld become 

a z i g - zag y ie ld l ine caused f r om t o o m a n y p lants a n d / o r lack o f fe r t i l i zer . 

Shown in the g r a p h , N o l a n Law a v e r a g e d 10,560 p lants per acre a n d a p p l i e d 
80 pounds o f N ; 4 4 pounds of P; a n d 48 pounds of K (n i t rogen , phospha te , pot 
ash). Law's y i e l d was 82 bushels per ac re . Johnny Justiss a v e r a g e d 14,622 p lants 
per acre a n d a p p l i e d 123 pounds o f N ; 48 pounds of P; a n d 4 8 pounds o f K. 
His y i e l d was 139 bushels per ac re . G w i n W o o d ( A l a b a m a ' s champ ion Future 
Farmer corn g r o w e r ) a v e r a g e d 26 ,956 p lants per ac re a n d a p p l i e d 184 pounds 
of N ; 128 pounds of P; a n d 6 4 pounds of K. W o o d p roduced 192.7 bushels per 
ac re . N o t e t ha t the cha r ted y i e l d l ine runs in d i rect co r re la t ion w i th p lants per 
ac re . 

M a n y of the o ther e igh t g rowers in the contest f o u n d the i r y ie lds w e r e in the 
same perspect ive as t ha t o f the th ree shown on the g r a p h . However , a f e w 
f a i l e d to pu t ex t ra p lants o r ex t ra p l an t f o o d a n d shou ld these have been 
cha r t ed , the y i e l d l ine w o u l d have f o r m e d a z i g - za g pa t t e rn . 

So, it is impor tan t t ha t corn producers consider , f i rst , a t o p q u a l i t y , h igh 
capac i t y h y b r i d , second, th icker spac ing , a n d t h i r d , ex t ra p lan t f o o d f o r the ex t ra 
p lants . 

A l a b a m a Farmer 



You 
Ain't 
Seen 
Nuthin, 
YET!" 

B E T T E R CROPS W I T H P L A N T FOOD 

IN PER ACRE YIELDS 

I l l inois f i e ld crops have shown phe
nomena l increases in per ac re y ie lds 

d u r i n g the past 25 years . Corn a n d 
w in te r w h e a t show this ag r i cu l t u ra l 
t echno log ica l a d v a n c e . 

A v e r a g e w h e a t y i e l d s have 
c l imbed f r o m the 15- to 20-bushel level 
to 4 0 bushels. Cen t ra l I l l inois coun ty 
y ie lds have consistent ly exceeded 4 0 
bushels per ac re in recent years . 

C o r n y i e l d c u r v e s f o r the state a n d 
on ind iv idua l fa rms a r e a p p r o a c h i n g 
the t ra jec to ry o f a moon shot. 

As agronomis ts w e w o n d e r w h a t the 
y i e l d po ten t ia l is f o r w in te r w h e a t a n d 
corn in our c l imate? W h a t fac to rs ho ld 
y ie lds back? W h y d o w e not ge t as 
h igh w h e a t y ie lds as those in par ts o f 
Europe a n d our Pacif ic Nor thwest? 

W H E A T P O T E N T I A L - B R I G H T 

W e k n o w there is a l imit to how 
much fe r t i l i zer , espec ia l ly n i t r ogen , w e 
can a p p l y to w h e a t . W h i l e some fe r 
t i l izer is essent ia l , excessive amounts 
w i l l : 

B i Cause e a r l y l o d g i n g , wh ich in 
tu rn results in poo r y ie lds a n d qua l i t y . 

WX Increase p lan t diseases, espe
c ia l l y the f o l i a r diseases. 

To e l im ina te these t w o adverse ef
fects of heavy fe r t i l i za t ion on fe r t i l e 
corn-be l t soils, w h e a t p lants in smal l 
plots a re be ing suppor ted a r t i f i ca l l y 
b y wires to e l im ina te l o d g i n g a n d 
s p r a y e d w e e k l y w i t h a f ung i c i de to 

cont ro l disease. 
In 1962 the plots rece iv ing fer t i l i zers 

a n d sprays a n d suppor ted b y w i r e 
a v e r a g e d 88 bushels of w h e a t per 
ac re . In 1963 our y ie lds w e r e 81 

bushels. 
This is an impractical way to grow 



. . . OF WHEAT OR CORN 

winter wheat. But such results g ive h igh 
hopes fo r fu tu re w h e a t y ie lds in l l l in ios, 
ind ica t ing our present upward trend in 
wheat yields will continue. 

This increase can be accompl ished 
b y deve lop ing var ie t ies w i th bet ter 

s tand ing ab i l i t y a n d disease resistance. 

These a re t w o p r ime object ives o f the 
I l l inois w h e a t b reed ing p r o g r a m . 

C O R N P O T E N T I A L P R O B E D 

Recent po ten t ia l y i e ld exper iments 
in the corn f i e ld have been concerned 
w i th i r r i ga t i on , max imum p lan t nu t r i 
ents, l igh t , ca rbon d i o x i d e , a n d a i r 
movement . 

. . . w i t h h i g h nutr ient l e v e l s 

Yields in the 175 bushel r a n g e a r e 
becoming common in these expe r i 
ments. W h e n w e reach such h igh y i e l d 

levels, a d d i t i o n a l l a rge amounts o f 
p lan t nutr ients have so f a r not in 
creased y ie lds w i t h p r e s e n t h y b r i d s . 

. . . w i t h a i r m o v e m e n t 

I l l inois is no ted f o r fe r t i l e soils a n d 
an excel lent corn g r o w i n g c l imate . 

O n e f a v o r a b l e env i ronmenta l f ac to r 

tha t has perhaps been ove r l ooked is 
a i r movement or tu rbu lence in a n d 
over our corn f ie lds du r i ng the g r o w i n g 
season. Exper iments using l a rge fans 
in corn plots have resul ted in h igher 
y ie lds. 

. . . w i t h c a r b o n d i o x i d e 

Corn y ie lds d o not a p p e a r to be 

l imi ted b y C 0 2 , f o r a d d i n g C 0 2 to 
plast ic houses sur round ing corn p lants 
have shown no y i e l d increases. 

. . . w i t h l ight u s a g e 

Theore t ica l l y , corn p lants in n a r r o w 
rows a n d h igh popu la t ions w i l l cap tu re 

more of the incoming l igh t ene rgy . 
This should mean more f o r pho tosyn
thesis a n d less soil w a t e r e v a p o r a t i o n . 

But this s i tuat ion does not a l w a y s 
p roduce h igher corn y ie lds w i th our 
present var iet ies. The p a r a d o x is t ha t 

corn loves l ight a n d each leaf needs 
fu l l sunl ight f o r t o p p roduc t i on . 

Lower leaves a re in shade a n d the i r 

ef f ic iency is reduced . Recent studies 
show tha t the t w o t o p leaves g r o w i n g 

in l igh t a re f ive t imes more ef f ic ient 
t han the lower leaves per g iven a r e a 

o f sur face. 
Both Universi ty a n d Industry corn 

breeders a re seeking hybr ids w i t h 
shade to le rance . M a n y new exot ic 
sources of corn a re be ing b r e d into 
present Co rnbe l t ma te r i a l . As corn 
combines come in the size a n d shape 
o f ears w i l l cause less a t ten t i on . Corn 
ears of the fu tu re m a y look l ike a 
baseba l l o r a n e l o n g a t e d f oun ta i n 

pen . 

" B U T N U T H I N - Y E T " 

I l l inois w h e a t a n d corn y ie lds w i l l 

cont inue to c l imb. There w i l l be occas

s ional adverse g r o w i n g seasons, bu t 
these w i l l be f e w e r a n d the y i e l d d ips 
lower t han in the past. 

It now seems l ike ly t ha t a v e r a g e 
state w h e a t y ie lds w i l l reach 5 0 bushels 
a n d corn 100 bushels b e f o r e 1970. 
Top fa rmers w i l l b e harvest ing 75 
bushels o f w h e a t a n d 175 bushels of 
co rn . 

Advances in ag r i cu l t u ra l t echno logy 
a n d its accep tance b y I l l inois fa rmers 
has been just as spectacu lar as t ha t 

of a n y o ther industry in this space a g e . 
A n d in the v e r n a c u l a r — " y o u a in ' t seen 
nuth in y e t " . 

J . W . Pend le ton , 
Universi ty o f I l l inois 



O V E R H E A D V I E W G R A P H is m o d e r n 
too l f o r t each ing soil m a n a g e m e n t 

cl inics. Such concepts as ca t ion ex

change a n d phospha te exchange can 
be demons t ra ted on a v i e w g r a p h . 

« 
BY LEO M . W A L S H 

UNIVERSITY OF W I S C O N S I N 

a v e r a g e f a r m e r , qu icker to a d o p t new 
pract ices, eage r to m a k e the business 
of f a r m i n g p a y of f . 

Do y o u o f fe r such fa rmers a soil 
m a n a g e m e n t p r o g r a m tha t tel ls them 
w h y ? If you d o no th ing but reel o f f 
recommenda t ions , y o u migh t we l l ex i t 
the scene in a f e w years , a l o n g w i th 
the ineff ic ient f a rme r . 

If f a rmers unders tand g o o d soil 
m a n a g e m e n t pr inc ip les , t hey can make 
bet ter dec is ions—can in terpre t re
search results a n d f i t recommendat ions 
to the i r loca l s i tuat ion. They a re 
e q u i p p e d to eva lua te fu tu re tech 
no log i ca l deve lopments . A n d they 
have the persona l sat is fact ion of 
k n o w i n g W H Y they a r e f o l l o w i n g 
recommended soil m a n a g e m e n t p rac 
t ices. 

MODERNIZE your meetings 
To p fa rmers w a n t to k n o w W H Y 

th ings h a p p e n t o d a y . 

The t o p 10 to 2 5 % a r e l ook ing f o r 

g o o d soil m a n a g e m e n t p r o g r a m s t ha t 

not o n l y te l l them W H A T to d o , bu t 

also W H Y . 

Such fa rmers a r e bet ter t h a n aver 

a g e manage rs regard less o f the i r 

f a r m s i ze—usua l l y y o u n g e r t h a n the 

H E A D I N G T O W A R D " D E P T H " 

The t r end in a l l subject mat te r fields 

t o d a y is t o w a r d " i n - d e p t h " t r a i n i ng 
p r o g r a m s f o r f a rmers a n d ag r i -bus i 
ness representat ives. M a n y s ta tes—in 
c lud ing I o w a , M inneso ta , South D a 

k o t a , O k l a h o m a , W i s c o n s i n — h a v e d e 
v e l o p e d successful SOIL M A N A G E 
M E N T CLINICS. 
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T A B L E 1. F A R M E R ' S O P I N I O N O F E A C H S E S S I O N O F T H E S O I L 

M A N A G E M E N T C L I N I C ( W I S C O N S I N , 1 9 6 3 A N D 1 9 6 4 ) 1 

% of f a r m e r s ind ica t ing the s e s s i o n to b e : 

Sub jec t 
much 
va lue 

some 
va lue 

l i t t le 
va lue 

no 
va lue 

Soi l f o r m a t i o n a n d so i l 
a n d w a t e r c o n s e r v a t i o n 45% 5 0 % 5% « i % * 

Soi l c h e m i s t r y , a n d 
fer t i l iz ing a n d 
l i m i n g m a t e r i a l s 

6 3 % 35% 2 % o% 

Soi l tes t ing , a n d 
l i m e a n d fert i l izer 
r e c o m m e n d a t i o n s 

80% 1 9 % 1 % 0 % 

E c o n o m i c s of 
fert i l izer u s e 4 8 % 4 6 % 6 % « 1 % * * 

1 A p p r o x i m a t e l y 8 0 0 fa rmers comp le ted the quest ionna i re . 
* Four f a rmers r e p o r t e d this session to b e o f no va lue . 

* * Two fa rmers r e p o r t e d this session to b e o f no va lue . 

For m a n y years , t o p fa rmers have 
w a n t e d to learn w h y th ings h a p p e n . 
But f o r foo long, w e have g e a r e d our 
w o r k to the a v e r a g e or b e l o w a v e r a g e 
f a rmer . A pa r t i c i pan t in our soil m a n 
agemen t cl inic recent ly sa id , "This is 

one o f the f e w t imes I rea l l y l ea rned 
someth ing new a t an extension meet

ing . In the past, I o n l y hea rd w h a t I 

a l r e a d y knew most o f the t i m e . " 

Don ' t underest imate the desire or 
ab i l i t y o f the t o p f a r m e r to /ea rn . G o o d 
visual a ids can c la r i f y such d i f f icu l t 
concepts as ca t ion exchange a n d 
phosphate f i xa t i on . G o o d fa rmers like 
to be c h a l l e n g e d — b y corn y ie lds , mi lk 
p roduc t i on , soil m a n a g e m e n t p r inc i 
ples, etc! 

G o o d teachers can present scientif ic 
pr inc ip les o f soil m a n a g e m e n t in a 

w a y fa rmers can unders tand . O f 

course, the teacher must unders tand 
the subject t ho rough l y . Agen ts a n d 
v o - a g teachers m a y need a " r e f r e s h e r " 

course in Soi l Science be fo re conduct 
ing a soil m a n a g e m e n t cl inic. 

To be successful, the teacher must 
be a b l e to " c o m m u n i c a t e " w i th f a r m 
ers—must deve lop a r a p p o r t w i th f a r m 
audiences. This takes much p l a n n i n g 
a n d p r e p a r a t i o n . 

S E T T I N G UP A C L I N I C 

Most states have 3 to 5 meet ings in 

successive weeks f o r e i ther a ha l f d a y 

or a fu l l d a y . M o r e intensive or com
prehensive clinics requ i re more t ime. 

In Wiscons in , w e ho ld f ou r two -hou r 
sessions in e i ther the a f t e r n o o n or 
e v e n i n g — t o a v o i d conf l ic t w i th m o r n 
ing chores on a d a i r y f a r m . W e have 
also f o u n d fa rmers more recept ive in 
the a f t e r n o o n t han in the even ing . 

A four-session cl inic is no t t oo l o n g . 
In f ac t , m a n y fa rmers sa id t hey 
w a n t e d more , or longer , sessions. A n d 
a t tendance he ld u p ve ry w e l l — a b o u t 
6 0 % a t t end ing a l l f ou r sessions. 
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W e (special ists f r o m Soils, A g r i c u l 
t u ra l Eng ineer ing , a n d A g r i c u l t u r a l 
Economics) p l a n n e d our a g e n d a we l l 
in a d v a n c e . This g ives each teacher 
t ime to p r e p a r e his pa r t o f the p ro 
g r a m . G e n e r a l l y , w e took the f o l l o w 
ing a p p r o a c h : 

fl Soi l f o r m a t i o n a n d soil a n d 
w a t e r conservat ion . 

0 Soi l chemist ry a n d fer t i l i zers 
a n d l im ing mater ia ls . 

|U Soi l test ing a n d l ime a n d fer
t i l izer recommendat ions . 

F l Economics o f fe r t i l i ze r use. 

W e conduct soil m a n a g e m e n t cl inics 
in 8-10 count ies each yea r , a t the 
coun ty agent ' s request. W e p rov ide a n 
i l lus t ra ted b rochure e x p l a i n i n g the 
course. The a g e n t wr i tes in the p lace 
a n d d a t e of the cl inic in his c o u n t y — 
then uses the b rochure to INVITE stu
dents to t ake pa r t in the cl inics. 

The inv i tat ions g o to f a rmers sug
gested b y coun ty agents , v o - a g t each 
ers, SCS, ASCS, FHA, a n d others. W e 
t r y to select f a rmers keen ly interested 
in t a k i n g a de ta i l ed look a t the i r soi l . 
A b o u t 6 0 % of those inv i ted enro l l in 
the course. 

Most agents a lso m a k e a g e n e r a l 
announcemen t a n d accept a f e w stu
dents not con tac ted b y persona l inv i ta 
t i on . This b r ings in some students w h o 
m a y have been o v e r l o o k e d — a n d 
protects the agen t f r o m the cri t ic w h o 
objects to our w o r k i n g w i th a " se 
l e c t e d " aud ience . 

A class o f 50 -60 students is a b o u t 
the r igh t size. It's h a r d to g ive a l a rge r 
g r o u p persona l a t ten t i on . 

Students p a y a nomina l reg is t ra t ion 
f ee , used p r i m a r i l y to cover the cost 
o f a specia l cl inic " t e x t . " Some agents 
also col lect money f o r ref reshments a t 
en ro l lmen t t ime. 

The reg is t ra t ion fee d i d not d iscour
a g e enro l lment . In f ac t , most agen ts 
w e l c o m e d it. Farmers then have a n " i n 
ves tmen t " in the course. It makes the 

cl inic d i f fe ren t f r o m our gene ra l ex
tension meet ings. 

T E A C H I N G T H E F A C T S 

Most subject mat ter covered in the 
course was inc luded in a 6 5 - p a g e 
mul t i l i thed m a n u a l , "P ro f i t ab l e M a n 
a g e m e n t o f Wisconsin So i ls . " (This 
m a n u a l is a v a i l a b l e f r o m Co l l ege Print
ing a n d Typ ing Inc., 453 W . G i l m a n 
Street, M a d i s o n , Wiscons in a t a cost 

of $1 .25 per copy . ) 
" I n - d e p t h " t r a i n i ng p r o g r a m s need 

some k ind of re ference mater ia ls or 
" t e x t . " M a n y fa rmers r ead the manua l 
be tween sessions. Most students said it 
he lped them unders tand the ma te r ia l 
be ing t augh t . N e a r l y a l l sa id it w o u l d 
be v a l u a b l e re ference f o r fu tu re p r o b 

lems. 
W e used a loca l s i tuat ion or ex

a m p l e fa rms to exp la ins our subject 
mat te r , whenever possible: 

flj A SCS p lan f r o m a loca l f a r m 

was used to de te rm ine the a l te rna t i ve 

c r o p p i n g a n d conservat ion pract ices 

t ha t cou ld be f o l l o w e d . 

jSj C r o p p roduc t i on under a v e r a g e 
a n d h igh m a n a g e m e n t condi t ions was 
d e t e r m i n e d — w i t h fe r t i l i zer a n d l ime 
recommendat ions based on ac tua l soil 

tests. 

f | | SCS maps , soil t y p e i n f o rma t i on , 

f i e l d layouts , a n d soil test i n fo rma t i on 
f r o m the e x a m p l e fa rms w e r e mimeo
g r a p h e d a n d d is t r ibu ted to each stu

den t d u r i n g the f irst class. 
If possib le, you should also re la te 

the scientif ic pr inc ip les you ' r e t each 
ing to a p rac t i ca l s i tuat ion on the ex
a m p l e f a r m . This helps fa rmers see 
how the i r " i n - d e p t h " t r a i n i ng can be 
used on e v e r y d a y p rob lems. 

E V A L U A T I N G T H E C L I N I C 

H o w m a n y fa rmers pa r t i c i pa ted? 
W h a t interest d i d t hey show? These 
quest ions he lp eva lua te a cl inic. 

In 2 0 count ies over a 2 -year p e r i o d , 
our cl inics a v e r a g e d 5 0 fa rmers f o r 
each session. S ix ty percent of the stu-
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dents a t t ended a l l f ou r sessions, a b o u t 

8 5 % a t t ended a t least 3 out of 4 
sessions. 

Each f a r m e r g a v e his op in ion of the 
cl inic a t the end of the last session. 

O v e r 9 0 % p re fe r red a series of meet

ings over single-session soil meet ings 
of previous years . Less t han 1 % did 
not l ike a series of meet ings. So, the 
cl inic a p p r o a c h was ove rwhe lm ing l y 
chosen. 

W e also asked each f a r m e r to 
eva lua te each session in terms o f its 
benef i t to h im. The results a re shown 
in Tab le 1 . 

Most fa rmers vo ted a l l sessions of 
our soil m a n a g e m e n t clinics o f much 
or some va lue . But such a survey 
should be ca re fu l l y in te rp re ted . W h e n 
a f a r m e r says a session was o n l y of 

some or l i t t le va lue , he doesn' t mean 
the session was uninterest ing or p o o r l y 
t augh t . He means tha t in his par 
t i cu lar s i tuat ion, the in fo rmat ion d i d 

not a p p l y to his soil m a n a g e m e n t 
p r o b l e m . 

For e x a m p l e , in Wes te rn Wisconsin 
m a n y fa rmers have a p p l i e d up - to -da te 
SCS f a r m p lans. So, fa rmers in this 
a r e a o f the state repo r ted the f irst 
session to be o f o n l y some or l i t t le 
va lue . 

The rea l test o f a cl inic is how it 

changes or inf luences fu tu re decisions 

of the f a rme r . 
To ge t a t this, D o d g e Coun ty agen t , 

Ed Bergstrom w i l l survey the par t i c i 
pants o f our 1964 cl inic in 1965 a n d 

1966. He w i l l t r y to de te rmine w h a t 

pract ices the f a r m e r has c h a n g e d — 
espec ia l ly w h a t interest a n d ac t i on , 
the cl inic s t imula ted in a l f a l f a t o p -
dressing. 

A l f a l f a topdress ing is p r o b a b l y the 
most neg lec ted fe r t i l i zer p rac t ice in 
his c o u n t y — a n d th roughou t W iscon 
sin. 

W e need more such f o l l o w - u p w o r k . 
A t ru l y successful cl inic should st imu
la te needed m a n a g e m e n t changes a n d 
c learer unders tand ing of the pr inc i 
ples invo lved . 

W H E R E T O F R O M H E R E 

W e l l - p l a n n e d intensive t r a i n i ng p ro 

g rams a re , a n d w i l l be successful in a l l 
f ie lds. This does not mean w e should 
d r o p a l l ex ist ing p rog rams to p romo te 

pr inc ip les-or iented cl inics. 
W e still need gene ra l meet ings tha t 

discuss W H A T to d o — f o r a v e r a g e a n d 
b e l o w - a v e r a g e fa rmers . In f ac t , a 

" c l i n i c " m igh t interest this g r o u p of 
f a r m e r s — i f you stress pract ices ra ther 

t han pr inc ip les. 
THE END 

How Logical Are 
YOUR Experiments? 

Exper iments must be a g r o n o m i c a l l y log ica l be fo re it is w o r t h w h i l e w o r r y i n g a b o u t 

the stat ist ical s ign i f icance of the d a t a . 

ORDER N E W H A N D B O O K : 

F I G H T H I D D E N H U N G E R W I T H C H E M I S T R Y 

Dept . B. C , A m e r i c a n Potash Inst i tute, 

1102 16th St., N .W. , W a s h i n g t o n 3 6 , D.C. 



ALFALFA RESPONDS TO FALL FERTILIZATION 
( 400 lb. 0-20-20/A, Univers i ty of Mary land data — 5 year average) 

3 . 9 2 T / A B | 3 . 9 6 T/A 

None Appl ied Spr ing Appl ied Fall Appl ied 

Fall Fertilization 
P A Y S 

A p r o b l e m tha t has p l a g u e d fa rmers a n d the fer t i l i zer indust ry a l i ke 
f o r m a n y years has been the historic a n d gene ra l l y accep ted 

prac t ice o f a p p l y i n g most fe r t i l i zer d u r i n g a ve ry short p e r i o d o f t ime 
in spr ing . 

In m a n y a reas , 7 5 % to 8 0 % of the to ta l fe r t i l i zer used is a p p l i e d 
in a 1 t o 2 month p e r i o d . 

This prac t ice has increased the cost o f f a r m i n g by causing m a n y 
p rob lems of fe r t i l i ze r m a n u f a c t u r e , d i s t r i bu t ion , a n d a p p l i c a t i o n : 

C I Farmers o f ten have to rush the i r spr ing w o r k , requ i r i ng more 

l a b o r t han necessary. 

H F requent ly , the des i red q u a n t i t y o f p l an t nutr ients is not a p p l i e d 
because t ime has run out , or fe r t i l i zer is not a v a i l a b l e w h e n p lan t i ng 
or o ther opera t ions must be d o n e . As a consequence, f a r m prof i ts suffer. 

13 Ineff ic iencies in fe r t i l i zer manu fac tu re have been b r o u g h t a b o u t 
because fac tor ies bu i l t l a rge enough to supp ly spr ing needs stand id le 
f o r much o f the rema inde r o f the yea r . 

F i The f l o o d o f fe r t i l i zer movement in the sp r i ng , f o l l o w e d b y a 
mere t r ick le the rest o f the y e a r , t e m p o r a r i l y over taxes t ranspor ta t i on 
fac i l i t ies causing di f f icul t ies in on- t ime de l i ve ry of fe r t i l i zer mater ia ls . 

A l t h o u g h the " o n e season " p r o b l e m has a l w a y s been w i th us, the 



THE EFFECT OF FALL AND SPRING FERTILIZATION ON 
FOUR CORN FIELDS 

(4 Plot Average—15.5% Moisture) 

Yield in bushels per acre 
T ime of t r ea tmen t 

Fall Spring 
Field Untreated 40-40-40 40-40-40 

Stillwater 60.5 75.2 78.9 
Winthrop 76.9 96.5 94.2 
Walnut Grove 79.8 98.1 99.6 
Sleepy Eye 111.1 131.5 131.0 
Average 82.1 100.3 100.9 
Univ. of Minn, data 

THE EFFECT OF FALL AND SPRING FERTILIZATION 
ON FIVE OAT FIELDS 

(Average of 4 Plots) 

Yield in bushels per acre 
T ime of t r ea tmen t 

Fall Spring 
Field Untreated 40-40-40 40-40-40 

Stillwater 26.1 38.9 41.0 
Rosemount 37.6 59.1 50.0 
Morgan 44.3 59.8 58.4 
Sleepy Eye 39.0 61.8 67.1 
Walnut Grove . , 27.4 46.0 49.0 
Average 34.9 53.1 51.4 
Univ. of Minn, data 

Condensed From Cynagrams, By H. H. N a u 

manu fac tu r i ng a n d t ranspor ta t i on p rob lems a r e s tead i ly becoming 
more serious as consumpt ion o f fe r t i l i zer increases. For g rea te r 
economy, fa rmers a n d industry a l i ke should w o r k t o level ou t the 
spr ing peak a n d make c rop fe r t i l i za t ion a " f u l l season " p r o g r a m . 

9 A R E W E N E G L E C T I N G T O S A V E L A B O R A N D M O N E Y ? 

The reason fo r the p o p u l a r i t y o f spr ing fe r t i l i za t ion is not d i f f icu l t t o 
f i nd . Research has shown tha t the greatest ef f ic iency per uni t o f 
fer t i l i zer a p p l i e d is o b t a i n e d on m a n y soils a n d crops b y a p p l y i n g i t 
as close to the t ime of max imum p lan t g r o w t h as possible. 

A l t h o u g h this we l l establ ished fac t is not subject t o much ques t ion , 
w e must ask ourselves whe the r w e have not " o v e r a c c e p t e d " this 
premise. By so d o i n g , have w e neg lec ted to recogn ize oppor tun i t ies t o 
save l abo r a n d money wh ich m a y be g rea te r t h a n the ex t ra eff ic iencies 
g a i n e d f r o m spr ing fe r t i l i za t ion? 

Fert i l izers t o d a y a re much lower in cost, as c o m p a r e d to the g e n e r a l 
pr ice level t han ever be fo re . In the last 2 0 years , fe r t i l i ze r cost has 
increased on ly a p p r o x i m a t e l y 1 0 % , wh i l e f eed costs have g o n e up 
1 0 0 % , f a r m mach inery 1 1 6 % , f a r m l a b o r 3 4 6 % ! 

Lower cost fer t i l i zer means a f a r m e r has much g rea te r f l ex ib i l i t y in 

the t ime a n d ra te o f fe r t i l i zer use. It means fer t i l i zer can be sub? 
st i tuted f o r l abo r or o ther cost items to a much g rea te r ex tent t h a n 
ever be fo re . So even if it requires 1 0 % more fer t i l i zer in f a l l t o g r o w 



32 B E T T E R CROPS W I T H P L A N T FOOD 

TYPICAL CROP FERTILIZATION PERIODS AND 
OPPORTUNITIES TO EXPAND "OFF SEASON" USE 

S o i l Bui ldup 

Forage T o p d r e s s i n g 

Veg. Crops 

Nat ive P a s t u r e s 

1 r 
Cover Crops 

I SUMMER 
ANNUAL FORAGE 
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EXISTING PERIOD 
OF USE 

POSSIBLE "OFF 
SEASON" EXTENSION 

the same y i e l d , it m a y stil l be much more p r o f i t a b l e if it w i l l a l l o w 
the f a r m e r to h i re less l a b o r the f o l l o w i n g sp r ing . 

This does not m e a n e l im ina te a l l spr ing fe r t i l i za t ion such as star ter 
fer t i l izers or s idedressing. However , h igher rates o f fe r t i l i zer use each 
y e a r a re a stat ist ical fac t . M a n y t o p fa rmers a re reach ing the po in t 
whe re it is no longer possible to a p p l y a l l the fe r t i l i zer in the row 
w i thou t d a n g e r of c rop in ju ry , even w i th mode rn equ ipmen t . Some of 
this fer t i l i zer must be a p p l i e d b e f o r e p l a n t i n g , a n d f a l l app l i ca t i ons 
shou ld be ser iously cons idered in m a n y a reas . 

O S P O O N - F E E D I N G C O N C E P T N O W O L D - F A S H I O N E D 

M o r e fa rmers t o d a y a r e a lso l ook ing a t c rop fe r t i l i za t ion in a new 
l ight . The concept o f " f e e d i n g the s o i l " is r ep lac ing the o l d fash ioned 
idea o f " s p o o n - f e e d i n g the c r o p . " Farmers f i nd t ha t if the soil is we l l 
supp l ied w i th nutr ients, the crops g r o w i n g on t ha t soil w i l l usual ly be 

we l l f e d . 
Un i fo rm d is t r ibu t ion t h r o u g h o u t the soil increases accessibi l i ty of 



S O M E A D V A N T A G E S O F F A L L F E R T I L I Z A T I O N 

ffl Fert i l izer suppl ies a re a d e q u a t e a n d reasonab ly p r i ced . 

0 M inera ls a n d l ime have t ime to react a n d d is t r ibute t h rough soi l . 

H W e a t h e r a n d soil condi t ions a re usual ly g o o d . 

0 Custom opera to rs a re less busy. 

E l Spr ing l a b o r peak is reduced the reby sav ing t ime a n d money . 

@ G r a i n a n d f o r a g e crops a re s t rengthened to w i ths tand the effects 
of w in ter . 

Q Soil l abo ra to r ies a re less busy, t h e r e b y g i v ing bet ter a n d 
qu icker soil test ing service. 

HI M O S T I M P O R T A N T — T h e nufrients to g r o w a profitable crop 
will be there when needed, if for some reason fertilizer cannot be ap
plied in the spring. 

Here a re a f e w specif ic p laces whe re f a l l f e r t i l i za t ion works best: 

ffl P repar ing seedbeds fo r w in te r g ra ins . 

0 N e w seedings of a l f a l f a a n d grass f o r a g e . 

E i Topdressing exist ing pasture a n d f o r a g e f ie lds. 

F l O n c rop residue to be f a l l p l o w e d . 

H Before seeding w in te r cover crops. 

H A n y l and g o i n g in to f ie ld crops or f o r a g e next sp r ing . 

nutr ients to the roots, pa r t i cu la r l y du r i ng d rough ts a n d cer ta in o ther 
adverse w e a t h e r c o n d i t i o n s — p r o v i d i n g a base f o r consistent ly h igher , 
more p ro f i t ab l e y ie lds y e a r a f t e r yea r . 

A p p l i c a t i o n o f fe r t i l i zer f o r a lmost a n y c rop g r o w n can be sh i f ted 
to f a l l a n d ex tended in length of t ime on a l l bu t l i gh t sandy soils i f the 
"so i l f e e d i n g " concept is f o l l o w e d . 

• B U L K A P P L I C A T I O N B O O S T S S O I L B U I L D I N G C O N C E P T 

The deve lopmen t o f a l l types of bu l k a p p l i c a t i o n equ ipmen t a n d 
custom services a lso makes fer t i l i zer costs more reasonab le a n d the 
soil bu i l d i ng concept more p rac t i ca l . 

W i t h l a rge r l abo r sav ing custom bu lk sp read ing equ ipmen t a v a i l a b l e , 
the phys ica l cond i t ion of the soil becomes as much a fac to r t o consider 
in app l i ca t i on as the t ime of yea r . Fal l is usual ly i dea l f o r bu l k sp read ing 

equ ipment . Crops have been harves ted , soil is d r y a n d f i rm , a n d fer 
t i l izer is a v a i l a b l e in a n y quant i t ies whenever needed . 

THE END 
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