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N i t r o g e n •fertilization of c o r n : C a l i b r a t i o n , 

t i m e , r a t e of a p p l i c a t i o n and crop q u a l i t y 

M a c d o n a l d C o l l e g e of McGill U n i v e r s i t y 

A . F . M a c K e n z i e 

HYPOTHESE 

Higher corn y i e l d s , i m p r o v e d crop q u a l i t y and r e d u c e d e n v i r o n m e n t a l 

d a m a g e are a t t a i n a b l e t h r o u g h 1) i n c r e a s e d k n o w l e d g e of n i t r o g e n 

f e r t i l i z e r r e q u i r e m e n t s ; 2) p r e c i s e t i m i n g of n i t r o g e n f e r t i l i z e r 

a p p l i c a t i o n ; a n d , 3) k n o w l e d g e of soil p r o p e r t i e s r e l a t e d to N r e l e a s e 

and u p t a k e by c r o p s . T h e s e i m p r o v e m e n t s can be m a d e in c o n j u n c t i o n with 

soil test c a l i b r a t i o n r e c o m m e n d a t i o n s . 

BUT ET OBJECTIF 

1) To i n v e s t i g a t e the e f f e c t of r a t e s of N f e r t i l i z a t i o n , time of 

a p p l i c a t i o n on yield and crop q u a l i t y p a r a m e t e r s ; 

2) To a s s e s s n i t r o g e n soil t e s t s for corn p r o d u c t i o n ; a n d , 

3) to t r a c e n i t r a t e d i s t r i b u t i o n in soils 

IMPACT SUR L'AGRO-ALIMENTAIRE 

Grain and s i l a g e corn a c r e a g e was second only to o a t s and tame hay in 

Q u é b e c in 1 9 7 2 - 1 9 7 3 . At r e c o m m e n d e d r a t e s of f e r t i l i z e r , t h i s w o u l d 

r e q u i r e about I8.7M for n i t r o g e n a l o n e . Any i n c r e a s e in f e r t i l i z e r 

e f f i c i e n c y would be r e f l e c t e d in s i g n i f i c a n t f i n a n c i a l s a v i n g s to the 

p r o d u c e r . 
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MÉTHODOLOGIE SUIVIE 

See attached report. 

RESULTATS EXPÉRIMENTAUX 

See attached report. 





DISCUSSION DES RESULTATS 

See attached report. 





CONCLUSION 

. Maximum yields with added N being applied at seeding time, irrespective of statistical 

i q « S 1 I n H a 5 S n \ W e ï ? , f 0 - n d
n n î /

a t f 0 f 4 8 0 a n d 2 4 0 , k g N / h a i n 1 9 7 9 i 1 2 0 ' 2 4 0 and 0 kg N/ha in 
1980 and 240 kg N/ha in 1981. Assuming corn at $150/tonne, and N at $0.60/kg, the increases in 
yield from the next lowest N rate which returned more than the cost of the *dded N were found to 
be,240 kg N/ha at both sites in 1979, 120 and 240 kg N/ha in 1980, and 60 kg N/ha at the three 
sites in 1981. Thus the effect of year seems to be of major importance. The reason for this 
marked change among years remains to be determined. However, the general N recommendations of 
165 to 180 kg N/ha seem high in some years and yet low in other years. Further research is 
needed to identify the parameters involved, such as meteorological conditions, soil conditions, etc, 

Split N applications (side dressed N) in no case increased yields significantly. Oi the average, 
and disregarding statistical significance, split N applications had higher yields than single N 
applications in 4 cases, and lower yields than single N applications in 4 cases. Thus the effect 
of side dressing N appears to be non-existant and certainly not worth the extra costs 

PUBLICATIONS ET CONFÉRENCES DE L'AUTEUR SUR LE SUJET 

No publications in refereed journals will be submitted until related work, in proqress, 
is finished. 
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Le C o n s e i l des r e c h e r c h e s et s e r v i c e s a g r i c o l e s du Q u é b e c s p o n s o r e d 
f 

this p r o j e c t from 1979 to 1 9 3 1 . The p u r p o s e of the p r o j e c t w a s to 

p r o v i d e i n f o r m a t i o n to f u r t h e r i n c r e a s e the e f f i c i e n c y of f e r t i l i z e r - N 

use in Q u e b e c . Field s t u d i e s w e r e u n d e r t a k e n to d e t e r m i n e the e f f e c t s 

of r a t e and t i m i n g of N a p p l i c a t i o n on g r a i n c o r n p r o d u c t i o n . 





i l • IQd M j t h o j i 

T h r e e s i t e s ( T a b l e s l a - l c ) w e r e c h o s e n a n n u a l l y to c o n d u c t t h i s 

e x p e r i m e n t . The s e l e c t e d s i t e s c o v e r e d a r a n g e of soil t y p e s t y p i c a l to 

s o u t h w e s t e r n Q u é b e c . Each s i t e was s e l e c t e d u s i n g c r i t e r i a of a p p a r e n t 

soil u n i f o r m i t y with r e s p e c t to s u r f a c e t e x t u r e , t o p o g r a p h y and s u r f a c e 

c o l o u r . 

P r i o r to both f e r t i l i z i n g and s e e d i n g , soil s a m p l e s were t a k e n 

r a n d o m l y from each of four r e p l i c a t i o n s at d e p t h s of 0 to 20 cm and 20 

to 40 c m . T h e s e s a m p l e s w e r e s u b s e q u e n t l y o v e n d r i e d and g r o u n d . T h e s e 

s a m p l e s w e r e a n a l y z e d for b a c k g r o u n d l e v e l s of N , P and K and pH by the 

L a b o r a t o i r e de Sol in L a p o c a t i e r e in 1979 and at the M a c d o n a l d C o l l e g e 

Soil T e s t i n g S e r v i c e in 1980 and 1 9 8 1 . 

P l o t s with d i m e n s i o n s of 3 x 5 m 2 , c o n s i s t e d of 4 r o w s of W a r w i c k W-

777 corn p l a n t e d with an I n t e r n a t i o n a l H a r v e s t e r model 251 t w o - r o w 

p l a n t e r . S e e d i n g r a t e w a s set at a p p r o x i m a t e l y 6 4 0 0 0 p l o t s / h a in 1979 

and 1980 and 5 9 0 0 0 p l a n t s / h a in 1 9 8 1 . B a n d e d p h o s p h o r u s and b r o a d c a s t 

p o t a s s i u m w e r e a p p l i e d at r a t e s (Table l a - l c ) b a s e d on s p r i n g soil test 

v a l u e s and C P V Q r e c o m m e n d a t i o n s ( G r i l l e s de F e r t i 1 i z a t i o n , A u g u s t 1 9 8 0 ) . 

A m m o n i u m n i t r a t e - n i t r o g e n w a s a n n u a l l y b r o a d c a s t at 4 r a t e s - 0 , 

1 2 0 , 240 and 480 kg N / h a in 1979 and 0 , 6 0 , 120 and 2 4 0 kg N/ha in 1980 

and 1981 and in one of two w a y s - all at s e e d i n g , or 1/3 at s e e d i n g w i t h 

the r e m a i n i n g 2 / 3 a p p l i e d one m o n t h f o l l o w i n g s e e d i n g . 





Weed c o n t r o l was c a r r i e d oat b e f o r e land p r e p a r a t i o n with a s p r a y 

a p p l i c a t i o n of " R o u n d u p " and p o s t e m e r g e n t c o n t r o l was c a r r i e d out with 

m a n u a l h o e i n g and G r a v e l y hand t r a c t o r s . 

P l o t s w e r e h a r v e s t e d m a n u a l l y by r e m o v i n g and w e i g h i n g i m m e d i a t e l y 

the c o b s from 12 r a n d o m l y s e l e c t e d corn p l a n t s . S u b s a m p l e s c o n s i s t i n g 

of 6 c o b s were used for m o i s t u r e c o n t e n t and total dry m a t t e r 

d e t e r m i n a t i o n s . Dried c o b s w e r e s h e l l e d and the r e s u l t i n g g r a i n was 

w e i g h e d . G r a i n dry m a t t e r y i e l d s w e r e c o n v e r t e d to k g / h a e q u i v a l e n t s at 

0 p e r c e n t m o i s t u r e u s i n g p o p u l a t i o n c o u n t s of the s i t e . 





B i i u l i i 

In 1 9 7 9 , the O r m s t o w n s i t e had to be a b a n d o n e d due to d a m a g e 

i n c u r r e d by i n v a d i n g c a t t l e . At the two o t h e r s i t e s , N i n c r e a s e d y i e l d s 

w h e t h e r a p p l i e d all at s e e d i n g time (Table 2a) or s p l i t with 1/3 a p p l i e d 

at s e e d i n g and 2 / 3 side d r e s s e d one m o n t h later at (Table 3 a ) . A l t h o u g h 

y i e l d s w e r e h i g h e s t at 480 kg N/ha in 3 of 4 i n s t a n c e s , yield i n c r e a s e s 

were not s t a t i s t i c a l l y s i g n i f i c a n t b e y o n d 120 kg N/ha for the Seed F a r m 

site with s i n g l e or s p l i t N a p p l i c a t i o n s . Y i e l d i n c r e a s e s at the H o w i c k 

site w e r e not s t a t i s t i c a l l y s i g n i f i c a n t b e y o n d 120 kg N/ha for s p l i t N 

a p p l i c a t i o n s or 340 N for s i n g l e a p p l i c a t i o n s , 

S i n g l e (A) and s p l i t (S) a p p l i c a t i o n s r e s u l t e d in e s s e n t i a l l y 

e q u i v a l e n t y i e l d s (Table 4 a ) . T h u s side d r e s s i n g of N was not n e c e s s a r y 

at t h e s e s i t e s . T h i s was the s a m e for both s i t e s a l t h o u g h y i e l d s 

d i f f e r e d by a f a c t o r of 3 . R e s u l t s of s h e l l i n g p e r c e n t a g e s and p e r c e n t 

dry m a t t e r are p r o b a b l y not u s e f u l for the H o w i c k s i t e , as it was a poor 

y i e l d i n g s i t e , p l a n t e d s o m e w h a t late in the s p r i n g . 

In 1 9 8 0 , the a d d i t i o n of f e r t i l i z e r - N s i g n i f i c a n t l y i n c r e a s e d dry 

matter y i e l d s at o n l y the D u p o n t site and only when all f e r t i l i z e r - N was 

a p p l i e d at s e e d i n g (Table 2 b ) . When the N a p p l i c a t i o n was s p l i t , t h e r e 

was an i n c r e a s e in yield but it was not s t a t i s t i c a l l y s i g n i f i c a n t 

( Tabl es 3 b ) . At the Seed F a r m s i t e , added N i n c r e a s e d y i e l d s but t h e s e 

i n c r e a s e s w e r e not s t a t i s t i c a l l y s i g n i f i c a n t . H i g h e s t y i e l d s w e r e 

o b t a i n e d with the h i g h e s t r a t e s of added N (240 k g / h a ) at the D u p o n t 

site for b o t h s i n g l e or s p l i t - N a p p l i c a t i o n s , and at the Seed F a r m s i t e 





with the s p l i t - N a p p l i c a t i o n . H i g h e s t y i e l d s at the Seed F a r m w i t h 

s i n g l e - N a p p l i c a t i o n s w e r e found at 120 kg N / h a . At both Seed F a r m and 

> 

D u p o n t s i t e s , h i g h e s t y i e l d s w e r e o b t a i n e d with s i n g l e - N a p p l i c a t i o n s , 

a l t h o u g h the e f f e c t was not s t a t i s t i c a l l y s i g n i f i c a n t (Table 4 b ) . 

The y i e l d t r e n d s e s t a b l i s h e d at both the D u p o n t and Seed Farm s i t e s 

w e r e r e v e r s e d at the T o l h u r s t s i t e , w h e r e a d d e d N r e s u l t e d in d e c r e a s e d 

dry m a t t e r y i e l d s . The T o l h u r s t site was s e v e r e l y s t r u c k by f r o s t on 

J u n e 10 and 1 1 , 1 9 8 0 . T h i s r e s u l t e d in a p l a n t m o r t a l i t y r a t e as h i g h 

as 75% for s o m e t r e a t m e n t s . The e f f e c t s e e m e d to be r e l a t e d to a d d e d N , 

with the m o s t f r o s t d a m a g e o c c u r r i n g with the h i g h e s t r a t e s of a d d e d N . 

Thus it is i n t e r e s t i n g but m i s l e a d i n g to n o t e the r e g u l a r d e c r e a s e in 

yield as r a t e s of added N i n c r e a s e d ( T a b l e s 2b and 3 b ) . T h i s o c c u r r e d 

r e g a r d l e s s of m o d e of N a p p l i c a t i o n , a l t h o u g h the s i n g l e - N a p p l i c a t i o n 

r e d u c e d y i e l d s m o r e than the s p l i t - N a p p l i c a t i o n (Table 4 b ) . 

The r e a s o n s for the i n c r e a s e d s u s c e p t i b i l i t y to f r o s t d a m a g e h a s 

not been c o n f i r m e d . It a p p e a r s that the p h y s i o l o g i c a l e f f e c t s of 

i n c r e a s e d a d d e d N ( i n c r e a s e d p r o t o p l a s m , m o i s t u r e c o n t e n t and r e d u c e d 

cell wall t h i c k n e s s ) h a v e i n c r e a s e d the p l a n t s s u s c e p t i b i l i t y to f r o s t 

d a m a g e . T h u s the dry m a t t e r y i e l d s tend to r e f l e c t p l a n t p o p u l a t i o n 

m o r e than p l a n t y i e l d s . A p p a r e n t l y the f e r t i l i z e d p l a n t s did not 

c o m p e n s a t e for t h e i r r e d u c e d d e n s i t y due to f r o s t d a m a g e . 

S i m i l a r t r e n d s o c c u r r e d at each of the t h r e e s i t e s in 1991 (Table 

l c ) . C o n s i s t e n t y i e l d i n c r e a s e s were found w i t h i n c r e a s i n g l e v e l s of 

added N w h e n all f e r t i l i z e r - N was a p p l i e d at s e e d i n g . Y i e l d s t e n d e d to 





f o l l o w a s o m e w h a t l o g a r i t h m i c r e l a t i o n s h i p w i t h added N . The 

i n c r e m e n t a l y i e l d i n c r e a s e s from 0 to 60 kg N / h a w e r e c o n s i d e r a b l y 

l a r g e r than t h o s e i n c r e a s e s from 60 to 1 2 0 , and 120 to 240 kg N / h a . 

This e f f e c t w a s s i g n i f i c a n t at the D u p o n t s i t e at the P = 0 . 0 5 l e v e l . 

A s i m i l a r e f f e c t w a s o b s e r v e d at both the liac/east and D u p o n t s i t e s 

when f e r t i l i z e r - N was a p p l i e d 1/3 at s e e d i n g and 2 / 3 f o l l o w i n g s e e d i n g 

(Table 3 c ) . I n c r e m e n t a l y i e l d i n c r e a s e s b e c a m e s m a l l e r w i t h i n c r e a s i n g 

l e v e l s of a d d e d N . At the M a c / w e s t s i t e , a d d e d N in t h i s way had no 

a p p a r e n t e f f e c t on i n c r e a s i n g y i e l d s . In f a c t , a s l i g h t and non 

s i g n i f i c a n t y i e l d d e p r e s s i o n o c c u r r e d at the 60 and 120 kg N/ha l e v e l s . 

No s i g n i f i c a n t d i f f e r e n c e s w a s o b s e v e d in a d i r e c t c o m p a r i s o n o f the 

two m e t h o d s of N a p p l i c a t i o n at e i t h e r of the t h r e e s i t e s (Table 4 c ) . 

At M a c / w e s t a s l i g h t i n c r e a s e in y i e l d s w a s a s s o c i a t e d with the s p l i t 

a p p l i c a t i o n of f e r t i l i z e r N , w h i l e at the D u p o n t s i t e a d e c r e a s e of the 

same m a g n i t u d e o c c u r r e d . T h e s e d i f f e r e n c e s a p p e a r to be r e l a t e d m o r e to 

e x p e r i m e n t a l v a r i a t i o n then a t r e a t m e n t e f f e c t . 

At all t h r e e s i t e s , a d d e d P and K i n c r e a s e d y i e l d s (Table 5 c ) . At 

b o t h the M a c / e a s t and D u p o n t s i t e s , the a d d i t i o n of P and K r e s u l t e d in 

a 4 0 - 5 0 X i n c r e a s e d over the c o n t r o l y i e l d s . 





S u g m i r y 

M a x i m u m y i e l d s with a d d e d N b e i n g a p p l i e d at s e e d i n g t i m e , 

i r r e s p e c t i v e of s t a t i s t i c a l s i g n i f i c a n c e , w e r e f o u n d at r a t e s of 480 and 

240 kg N / h a in 1 9 7 9 , 1 2 0 , 240 and 0 kg N/ha in 1980 and 240 kg N / h a in 

1 9 8 1 . A s s u m i n g c o r n at $ 1 5 0 / t o n n e , and N at f 0 . 6 0 / k g , the i n c r e a s e s in 

yield f r o m the n e x t l o w e s t N r a t e w h i c h r e t u r n e d m o r e than the c o s t of 

the a d d e d N w e r e f o u n d to be 240 kg N/ha at both s i t e s in 1 9 7 9 , 120 and 

240 kg N / h a in 1 9 8 0 , and 60 kg N/ha at the t h r e e s i t e s in 1 9 8 1 . T h u s 

the e f f e c t of year s e e m s to be of m a j o r i m p o r t a n c e . The r e a s o n for t h i s 

m a r k e d c h a n g e a m o n g y e a r s r e m a i n s to be d e t e r m i n e d . H o w e v e r , the 

g e n e r a l N r e c o m m e n d a t i o n s of 165 to 180 kg N/ha s e e m h i g h in s o m e y e a r s 

and yet low in o t h e r y e a r s . F u r t h e r r e s e a r c h is n e e d e d to i d e n t i f y the 

p a r a m e t e r s i n v o l v e d , such as m e t e o r o l o g i c a l c o n d i t i o n s , soil c o n d i t i o n s , 

e t c . 

S p l i t N a p p l i c a t i o n s (side d r e s s e d N) in no c a s e i n c r e a s e d y i e l d s 

s i g n i f i c a n t l y . On the a v e r a g e , and d i s r e g a r d i n g s t a t i s t i c a l 

s i g n i f i c a n c e , s p l i t N a p p l i c a t i o n s had h i g h e r y i e l d s t h a n s i n g l e N 

a p p l i c a t i o n s in 4 c a s e s , and lower y i e l d s than s i n g l e N a p p l i c a t i o n s in 

4 c a s e s . T h u s the e f f e c t of s i d e d r e s s i n g N a p p e a r s to be n o n - e x i s t a n t 

and c e r t a i n l y not worth the e x t r a c o s t s . 





T a b l e la. S i t e s and site c h a r a c t e r i s t i e s (1979) 

S o i l s e r i e s / t e x t u r e Soil P A p p l i e d PzOa Soil K A p p l i e d K 2 0 

Seed F a r m C h i c o t / s a n d y loam 209 70 231 115 

O r m s t o w n O r m s t o w n / s i . e l . l o a m 370 70 138 170 

Ri verf i eld H o w i c k / s i . c 1 . 1 o a m 434 70 317 90 

T a b l e lb. S i t e s and site c h a r a c t e r i s t i c s (1980) 

Site Soil s e r i e s / t e x t u r e Soil P A p p l i e d P 2 0 3 Soil K A p p l i e d K 

Seed F a r m C h a t e u a g u a y / c l . 1 o a m 210 70 2 3 3 115 

D u p o n t O r m s t o w n / s i . c l . 1 o a m 128 90 190 115 

Toi h u r s t R i d e a u / l o a m 207 70 240 115 

Table l e . S i t e s and site c h a r a c t e r i s t i e s (1981) 

Site Soil s e r i e s / t e x t u r e Soil P A p p l i e d P 2 0 a Soil K A p p l i e d Kzl 

M a c / e a s t C h i c o t / s a n d y loam 106 90 104 180 

M a c / w e s t S t - Z o t i q u e / l o a m 211 70 176 110 

D u p o n t O r m s t o w n / s i . c l . 1 o a m 88 90 185 110 

* soil t e x t u r e d e t e r m i n e d at M a c d o n a l d C o l l e g e Soil T e s t i n g S e r v i c e by 
h y d r o m e t e r m e t h o d . 

r 





T a b l e 2 a . E f f e c t of n i t r o g e n , b r o a d c a s t at s e e d i n g , on g r a i n corn dry 

m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry m a t t e r y i e l d . ( 1 9 7 9 ) 

S i t e R a t e of a p p l i e d N 

( k g / h a ) 
Dry m a t t e r 

m 

S h e l l i n g 

(X) 

Yield 

( k g / h a ) 

Seed F a r m 

F p r o b a b i l i t y 

Ri verf i eld 

0 

120 

240 

480 

0 

120 

240 

480 

6 0 . lb 

6 5 . 4 a 

6 5 . 3a 

6 5 . 5 a 

0 . 0 0 3 1 * * 

2 0 . lb 

3 8 . 8a 

4 4 . 7 a 

43.2a 

8 6 . 5a 

8 7 . 3 a 

8 7 . 3 a 

8 7 . 3 a 

4 8 . 4 b 

7 9 . 9 a 

8 1 . 6 a 

8 0 . 4 a 

4 4 1 3 b 

9 6 4 8 a 

10385a 

1 0 6 2 3 a 

0 . 5 0 1 4 0 . 0 0 0 1 

320 

2 0 9 3 b 

3 6 9 5 a 

3 3 8 2 a 

F p r o b a b i l i t y 0 . 0 0 0 4 * * 0 . 0 4 1 5 * 0.0002 

* s i g n i f i c a n t at P = 0 . 0 5 level 

** s i g n i f i c a n t at P * 0.01 level 

M e a n s , by s i t e - p a r a m e t e r , with the s a m e l e t t e r are not s i g n i f i c a n t l y 

d i f f e r e n t at P = 0 . 0 5 level by D u n c a n s new m u l t i p l e r a n g e t e s t . 





T a b l e 2 b . E f f e c t of n i t r o g e n , b r o a d c a s t at s e e d i n g , on g r a i n corn dry 

m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry m a t t e r y i e l d . 

( 1 9 8 0 ) 

S i t e R a t e of a p p l i e d 

N (kg/ha) 

Dry m a t t e r 

(X) 

S h e l 1 i n g 

(7.) 

Yield 

( k g / h a ) 

Seed F a r m 0 6 1 . 9 8 5 . 0 9 0 5 5 
60 6 3 . 1 8 5 . 1 9 2 2 5 

120 6 3 . 3 8 6 . 2 9 8 6 5 

240 6 3 . 2 8 5 . 2 9 4 1 0 

F p r o b a b i 1 i ty 0 . 4 2 4 3 0 . 3 2 1 2 0 . 4 4 8 5 

D u p o n t 0 6 4 . 3 8 5 . 6 6 6 5 3 b 
60 6 4 . 6 8 5 . 4 7 2 7 0 a b 

120 6 4 . 0 8 5 . 5 7 7 6 5 a b 
240 6 5 . 5 8 5 . 6 8 3 0 5 a 

F p r o b a b i 1 i t y 0 . 4 6 1 6 0 . 9 9 4 6 0 . 0 6 4 5 

T o l h u r s t 0 6 2 . 2 8 5 . 6 a 9 9 4 8 
60 5 9 . 9 8 4 . 4 a b 8 5 8 3 

120 6 1 . 6 8 4 . S a b 8 1 7 0 
240 ' 6 0 . 0 8 3 . 8 b 8 0 9 0 

F p r b a b i 1 i ty 0 . 1 6 6 0 0 . 0 7 5 6 + 0 . 1 5 7 1 

+ s i g n i f i c a n t at P = 0 . 1 0 level 

* s i g n i f i c a n t at P = 0 . 0 5 level 

** s i g n i f i c a n t at P = 0.01 level 

M e a n s , by s i t e - p a r a m e t e r , f o l l o w e d by the s a m e l e t t e r or n o n e at all are 

not s i g n i f i c a n t l y d i f f e r e n t at P = 0 . 0 5 l e v e l by D u n c a n s new m u l t i p l e 

r a n g e t e s t . 





• 2 c E f f e c t of n i t r o g e n , b r o a d c a s t at s e e d i n g on mean g r a i n corn 

d r y m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry m a t t e r 

y i e l d . (1981) 
^ 

R a t e of a p p l i e d N Dry m a t t e r S h e l l i n g Y i e l d 

(kg/ha) X 7. kg/ha 

M a c / e a s t 0 6 0 . 8 8 3 . 2 4 5 7 3 
AO 6 1 . 6 8 4 . 5 5 2 6 3 

120 6 2 . 7 8 4 . 0 5 3 9 3 
240 6 2 . 2 8 4 . 1 5 4 9 5 

F s t a t i s t i c for t r e a t m e n t e f f e c t s 0 . 7 4 1.43 1.84 

M a c / w e s t 0 6 5 . 1 8 4 . 9 5 3 2 3 
60 6 4 . 7 8 5 . 8 5 9 7 5 

120 6 3 . 4 8 6 . 2 6 0 4 5 
240 6 3 . 8 8 5 . 2 6 1 1 0 

F s t a t i s t i c for t r e a t m e n t e f f e c t s 1.43 1.15 0.51 

D u p o n t 0 5 8 . 2 c 8 1 . 4 4225b 
60 6 0 . O a b 8 2 . 9 5 4 3 8 a 

120 5 9 . lbc 8 1 . 7 5 7 1 5 a 
240 6 1 . 1 a 8 2 . 6 6 0 8 8 a 

F s t a t i s t i c for t r e a t m e n t e f f e c t s 8 . 5 9 * # 1.37 5. 44* 

* s i g n i f i c a n t at P = 0 . 0 5 level 

M e a n s w i t h i n any site and p a r a m e t e r , f o l l o w e d by the s a m e letter or n o n e 

at a l l , are not s i g n i f i c a n t l y d i f f e r e n t at P = 0 . 0 5 level by D u n c a n ' s 

new m u l t i p l e r a n g e t e s t . 





T a b l e 3 a . E f f e c t of n i t r o g e n , 1/3 b r o a d c a s t at seeding and 2/3 at one 

m o n t h f o l l o w i n g s e e d i n g , on mean grain corn dry matter 

p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry m a t t e r y i e l d . (1979) 

Site A p p l i e d f e r t i l i z e r 

N ( kg/ha) 
Dry m a t t e r 

1 
Shel 1 i ng 

7. 

Yield 

(kg/ha) 

Seed Farm 0 60. lb 86.5a 4413b 
120 65.0a 87.8a 9588a 
240 6 5 . 4a 8 7 . 3 10305a 
480 6 5 . 3a 88.5a 11163a 

F p r o b a b i l i ty 0 . 0 1 9 0 * 0 . 2 7 8 0 0 . 0 0 0 1 * 

R i v e r f i e l d 0 2 0 . lb 48. 4b 320b 
120 37.3a 77.7a 2973a 
240 43.4a 81.2a 3288a 
480 44. la 80.5a 3333a 

F p r o b a b i 1 i t y • 0 . 0 0 5 4 » » 0 . 0 4 9 5 * 0 . 0 2 9 5 * 

* s i g n i f i c a n t at P = 0.05 level 

** s i g n i f i c a n t at P « 0.01 level 

M e a n s , by s i t e - p a r a m e t e r , with the same letter are not s i g n i f i c a n t l y 

d i f f e r e n t at P = 0.05 level by D u n c a n ' s new m u l t i p l e r a n g e t e s t . 





Table 3 b . E f f e c t of n i t r o g e n , 1/3 b r o a d c a s t at s e e d i n g and 2/3 at one 

m o n t h f o l l o w i n g s e e d i n g , on m e a n g r a i n corn dry m a t t e r 

p e r c e n t a g e s h e l l i n g p e r c e n t a g e and d r y m a t t e r y i e l d . (1980) 

S i t e A p p l i e d 

N 

F e r t i 1 i z e r 

(kg/ha) 

Dry m a t t e r 

X 

S h e l 1 i ng 

X 

Y i e l d 

(kg/ha) 

Seed F a r m 0 6 1 . 9 8 5 . 0 9 0 5 5 
60 6 2 . 9 8 5 . 4 9 4 5 5 

120 6 3 . 4 B 5 . 6 9 2 8 B 
240 6 5 . 9 8 5 . 2 9 7 1 5 

F p r o b a b i 1 i t y 0 . 4 6 4 8 0 . 9 4 0 0 0 . 8 5 5 1 

D u p o n t 0 6 4 . 3 8 5 . 6 6 6 5 3 
60 6 3 . 8 8 5 . 8 6 9 7 5 

120 6 4 . 8 8 4 . 9 7 4 5 5 

240 6 7 . 7 8 3 . 2 7 5 6 5 

F p r o b a b i 1 i ty 0 . 2 7 2 4 0 . 3 6 8 4 0 . 1341 

Toi h u r s t 0 6 2 . 2 8 5 . 6 9 9 4 8 
60 6 1 . 0 8 4 . 5 8 8 0 8 

120 6 2 . 3 8 3 . 8 8 6 5 0 

2 4 0 6 2 . 3 8 4 . 4 8 5 9 8 

F p r o b a b i1i ty 0 . 8 4 4 4 0 . 3 4 8 4 0 . 5 1 2 3 

» s i g n i f i c a n t at P = 0 . 0 5 level 

** s i g n i f i c a n t at P = 0.01 level 

M e a n s , by s i t e - p a r a m e t e r , f o l l o w e d by the same l e t t e r or n o n e at all are 

not s i g n i f i c a n t l y d i f f e r e n t at P = 0 . 0 5 level by D u n c a n ' s new m u l t i p l e 

r a n g e t e s t . 





T a b l e 3 c . E f f e c t of n i t r o g e n , 1/3 b r o a d c a s t at s h e l l i n g and 2 / 3 

b r o a d c a s t 1 m o n t h f o l l o w i n g s e e d i n g , on mean g r a i n corn d r y 

m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and d r y m a t t e r 

y i e l d s . (1981) 

S i t e R a t e of a p p l i e d 

n i t r o g e n ( k g N / h a ) 
Dry m a t t e r 

1 
S h e l l i n g Yield 

(kg/ha 

M a c / e a s t 0 6 0 . 8 8 3 . 2 4 5 7 3 
60 6 2 . 4 8 4 . 0 5 2 5 3 

120 6 1 . 3 8 4 . 5 5 3 2 5 
240 6 2 . 8 8 3 . 6 5 4 6 5 

F s t a t i s t i c for t r e a t m e n t e f f e c t 1.56 1.15 2 . 3 1 

M a c / w e s t 0 6 5 . 1 8 4 . 9 6 3 2 3 
60 6 4 . 0 8 4 . 8 6 0 5 3 

120 6 4 . 3 8 5 . 3 6 2 2 3 
240 6 5 . 1 8 3 . 7 6 3 6 0 

F s t a t i s t i c for t r e a t m e n t e f f e c t 3 . 14 + 2 . 8 0 + 0 . 3 5 

D u p o n t 0 5 8 . 2 8 1 . 4 4 2 2 5 b 
60 5 8 . 9 8 2 . 7 5 1 1 3 a b 

120 6 0 . 5 8 1 . 8 5 6 7 5 a 
2 4 0 5 9 . 0 8 3 . 1 5 7 6 5 a 

F s t a t i s t i c for t r e a t m e n t e f f e c t 2 . 3 7 0 . 4 7 2.81 + 

+ S i g n i f i c a n t at P = 0 . 1 0 level 

M e a n s w i t h i n any site and p a r a m e t e r , f o l l o w e d by the s a m e l e t t e r or n o n e 

at all are not s i g n i f i c a n t l y d i f f e r e n t at P » 0 . 0 5 by D u n c a n ' s new 

m u l t i p l e r a n g e t e s t . 





Table 4 a . The e f f e c t of t i m e of N i t r o g e n f e r t i l i z a t i o n on m e a n g r a in 

c o r n dry m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry 

m a t t e r y i e l d . (1979) 

Site Time of a p p l i c a t i o n Dry m a t t e r 

X 

S h e l 1 i n g Yield 

( k g / h a ) 

Seed F a r m 6 5 . 4 a 

6 5 . 2 a 
3 7 . 3 

8 7 . 9 
10218a 

10352a 

F p r o b a b i 1 i t y 

R i v e r f i e l d 

0 . 8 1 4 8 

4 2 . 2 a 

4 1 . 6 a 

0 . 2 2 9 1 

8 0 . 6a 

7 9 . 8 a 

0 . 7 5 5 5 

3 0 5 7 a 

3 1 9 8 a 

F p r o b a b i l i t y 0 . 7 7 6 2 0 . 5 7 1 4 0 . 7 8 0 1 

M e a n s , by s i t e - p a r a m e t e r , w i t h the s a m e l e t t e r are not s i g n i f i c a n t l y 

d i f f e r e n t at P = 0 . 0 5 by D u n c a n ' s new m u l t i p l e r a n g e t e s t . 

* Time of a p p l i c a t i o n - "A" - all f e r t i l i z e r - N b r o a d c a s t i m m e d i a t e l y 

f a l l o w i n g s e e d i n g . 

"S" - 1/3 of f e r t i l i z e r - N b r o a d c a s t 

i m m e d i a t e l y f o l l o w i n g s e e d i n g , r e m a i n d e r 

b r o a d c a s t one m o n t h f o l l o w i n g s e e d i n g . 





Table 4 b . The e f f e c t of t i m e of N i t r o g e n f e r t i l i z a t i o n on mean g r a i n 

c o r n dry m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry 

m a t t e r y i e l d . (1980) 

Site T i m e of a p p l i c a t i o n * Dry m a t t e r S h e l l i n g Y i e l d 

X '/. ( k g / h a ) 

Seed F a r m 

F p r o b a b i 1 i ty 

D u p o n t 

F p r o b a b i l i t y 

Toi h u r s t 

6 3 . 2 

6 4 . 0 

0 . 4 6 4 0 

6 4 . 7 

6 5 . 4 

0 . 4 4 6 8 

6 0 . 5 

6 1 . 9 

8 5 . 5 

8 5 . 4 

0 . 8 5 8 1 

8 5 . 5 
8 4 . 6 

0 . 2 6 7 7 

8 4 . 3 

8 4 . 2 

9 5 0 0 

9 4 8 6 

0 . 9 6 9 1 

7 7 8 0 

7 3 3 1 

0.1082 

8 2 8 1 

8 6 8 5 

F p r o b a b i 1 i ty 0 . 1 8 5 7 0 . 8 9 1 6 0 . 1 6 7 6 

M e a n s , by s i t e - p a r a m e t e r , f o l l o w e d by the same l e t t e r or none at all a r e 

not s i g n i f i c a n t l y d i f f e r e n t at P = 0 . 0 5 by D u n c a n ' s new m u l t i p l e r a n g e 

t e s t . 

• Time of a p p l i c a t i o n - "A" - all f e r t i l i z e r - N b r o a d c a s t i m m e d i a t e l y 

f o l l o w i n g s e e d i n g . 

"S" - 1/3 of f e r t i l i z e r - N b r o a d c a s t 

i m m e d i a t e l y f o l l o w i n g s e e d i n g , 

r e m a i n d e r b r o a d c a s t o n e m o n t h f o l l o w i n g 

s e e d i n g . 





T a b l e 4 c . T h e e f f e c t of time of N i t r o g e n f e r t i l i z a t i o n on m e a n g r a i n 

V c o r n dry m a t t e r p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry 

m a t t e r y i e l d . (1981) 

Site T i m e of a p p l i c a t i o n Dry m a t t e r 

X 
S h e l 1 i n g 

X 

Y i e l d 

( k g / h a ) 

M a c / e a s t A 6 2 . 2 8 4 . 2 5 3 8 3 
S 6 2 . 1 8 4 . 0 5 3 4 8 

F s t a t i s t i c for t i m e e f f e c t 0 . 0 0 0 . 1 5 0 . 0 3 

M a c / w e s t A 6 3 . 9 8 5 . 7 a 6 0 4 3 
S 64.4 8 4 . 6 a 6 2 1 2 

F s t a t i s t i c for t i me e f f e c t 0 . 9 2 6 . 3 1 * 0 . 8 6 

D u p o n t A 6 0 . 0 8 2 . 4 5 7 4 7 
S 5 9 . 5 8 2 . 5 5 5 1 8 

F s t a t i s t i c for t i me e f f e c t 1.52 0 . 0 5 0 . 7 3 

» S i g n i f i c a n t at P = 0 . 0 5 level 

M e a n s w i t h i n any site and p a r a m e t e r , with the s a m e l e t t e r or n o n e at all 

are not s i g n i f i c a n t l y d i f f e r e n t by D u n c a n ' s new m u l t i p l e r a n g e test at 

the P = 0 . 0 5 l e v e l . 

• Time of a p p l i c a t i o n - "A" - all f e r t i l i z e r - N b r o a d c a s t i m m e d i a t e l y 

f o l l o w i n g s e e d i n g . 

"S" - 1/3 of f e r t i l i z e r - N b r o a d c a s t 

i m m e d i a t e l y f o l l o w i n g s e e d i n g , r e m a i n d e r 

b r o a d c a s t one m o n t h f o l l o w i n g s e e d i n g . 





T a b l e 5a . E f f e c t of a d d e d P arid K on mean g r a i n c o r n dry m a t t e r 

p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and d r y m a t t e r y i e l d . (1979) 

S i t e A p p l i e d f e r t i l i z e r Dry m a t t e r 

X 

S h e l l i n g Y i e l d 

( k g / h a ) 

Seed F a r m 

F p r o b a b i 1 i ty 

Ri verf i eld 

F p r o b a b i l i t y 

n o n e 

P and K 

n o n e 

P i K 

5 6 . 2 a 

6 0 . la 

0 . 4 0 3 0 

2 4 . 7 a 

20. 1 

0 . 1832 

8 3 . 5a 

8 6 . 5 a 

0 . 2 7 4 1 

5 6 . 2 a 

4 8 . 4 a 

0 . 1 0 7 3 

2 9 9 0 a 

4 4 1 2 a 

0 . 2 8 7 1 

8 1 0 . a 
3 2 0 a 

0 . 1 5 7 1 

M e a n s by s i t e - p a r a m e t e r w i t h the s a m e l e t t e r are not s i g n i f i c a n t l y d i f f e r e n t 

at P » 0 . 0 5 by D u n c a n ' s new m u l t i p l e r a n g e t e s t . 





Table 5 b . E f f e c t of added P and K on m e a n g r a i n c o r n d r y m a t t e r p e r c e n t a g e , 

s h e l l i n g p e r c e n t a g e and dry m a t t e r y i e l d . (1980) 

S i t e A p p l i e d 

F e r t i 1 i zer 
Dry m a t t e r 

7. 

Shel 1 i ng 

X 

Y i e l d 

( k g / h a ) 

Seed F a r m N o n e 6 2 . 6 8 6 . 2 9 0 3 5 

P it K 6 1 . 9 8 5 . 0 9 0 5 5 

F p r o b a b i 1 i ty 0 . 3 4 5 1 0 . 0 6 2 8 + 0 . 9 6 4 1 

D u p o n t N o n e 6 2 . 9 8 4 . 9 5 7 7 8 
P !c K 6 4 . 3 8 5 . 6 6 6 5 3 

F p r o b a b i l i t y 0 . 2 6 4 9 0 . 2 8 7 7 0 . 1672 

Toi h u r s t None 5 9 . lb 8 4 . 3 7800 
P & K 6 2 . 2 a 8 5 . 6 9 9 4 8 

F p r o b a b i l i t y 0 . 0 4 0 1 0 . 1955 0 . 1872 

* s i g n i f i c a n t at P = 0 . 0 5 level 

• s i g n i f i c a n t at P = 0 . 1 0 level 

M e a n s by s i t e p a r a m e t e r f o l l o w e d by the same l e t t e r or n o n e at all are not 

s i g n i f i c a n t l y d i f f e r e n t at P = 0 . 0 5 by D u n c a n ' s new m u l t i p l e r a n g e t e s t . 



i 

» • 



T a b l e 5 c . E f f e c t of added P 2 0 s and K 2 0 on mean g r a i n corn dry m a t t e r 

p e r c e n t a g e , s h e l l i n g p e r c e n t a g e and dry m a t t e r y i e l d . (1981) 

i 

S i t e A p p l i e d f e r t i l i z e r Dry m a t t e r 

I 
S h e l 1 i n g Y i e l d 

( k g / h a ) 

M a c / e a s t n o n e 6 0 . 2 8 0 . 6 3 3 4 0 
P + K 6 0 . 8 8 3 . 2 4 5 7 2 

F s t a t i s t i c for P , K e f f e c t 0 . 0 5 3.91 5.51 + 

M a c / w e s t none 6 3 . 7 b B 5 . 0 5 8 9 8 
P + K 6 5 . la 8 4 . 9 6 3 2 3 

F s t a t i s t i c for P,K e f f e c t 1 1 . 1 0 0 . 0 8 1.12 

D u p o n t n o n e 6 1 . 7 a 7 9 . 6 3 0 2 3 b 
P + K 5 8 . 2 b 8 1 . 4 4 2 2 4 a 

F s t a t i s t i c for P , K e f f e c t 1 9 . 7 6 * 3 . 95 13.41 + 

* S i g n i f i c a n t at the P « 0 . 0 5 level 

+ S i g n i f i c a n t at the P = 0 . 1 0 level 

M e a n s w i t h i n any one s i t e and p a r a m e t e r , f o l l o w e d by the same l e t t e r are not 

s i g n i f i c a n t l y d i f f e r e n t by D u n c a n ' s new m u l t i p l e r a n g e test at the P = 0 . 0 5 

1 e v e l . 
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