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INTRODUCTION 

Advancements i n  a g r i c u l t u r a l  t e chno logy  a r e  p rov id ing  b o t h  
p roduce r s  and r e s e a r c h e r s  w i t h  improved t o o l s  f o r  fa rm management 
d  ec i s  i on  making . Reduced p r o f i t  marg ins  a r e  r e q u i r i n g  fa rm 
managers t o  u s e  t h e s e  advanced t o o l s  t o  o p t i m i z e  i n p u t  management 
i n  o r d e r  t o  improve p r o f  it l e v e l s .  

F e r t i l i z e r  n i t r o g e n  (N) is  a  major  i n p u t  f o i  s p r i n g  wheat i n  
t h e  Grea t  P l a i n s .  Each y e a r ,  many f a rmer s  f e r t i l i z e  s p r i n g  wheat 
w i t h  n i t r o g e n  t o  improve s e e d l i n g  v i g o r  and p l a n t  developmenl .  
N i t rogen  i s  a  major  n u t r i e n t  f o r  s p r i n g  wheat  development  and i s  
e s s e n t i a l  f o r  d r y  m a t t e r  p r o d u c t i o n  a s  w e l l  a s  f o r  y i e l d  and p r o t e i n  
c o n t e n t .  

The maximum economic y i e l d  ( M N )  c o n c e p t  has c h a l l e n g e d  
producers  t o  become more p r e c i s e  i n  t h e i r  management p r a c t i c e s .  
P roduce r s  u s i n g  NEY p r a c t i c e s  i n  s p r i n g  wheat  a r e  pay ing  c l o s e r  a t t e n t i o n  
t o  t h e i r  t o t a l  p r o d u c t i o n  sys tem.  S ince  f e r t i l i z e r  management i s  p a r t  o f  
t h e  t o t a l  p r o d u c t i o n  s y s t e m ,  many p roduce r s  a r e  becoming more aware of t h e  
b e n e f i t s  of n i t r o g e n  management and a r e  e v a l u a t i n g  new t e c h n i q u e s  t o  h e l p  
them d e c i d e  i f  add i t  i o n a l  n i t r o g e n  t r e a t m e n t s  d u r i n g  t h e  growing season  t o  
enhance y i e l d  and p r o t e i n  a r e  war ran t ed  and e c o n o m i c a l l y  f e a s  i b l e .  

A group of  i n n o v a t i v e  f a r m e r s  from t h e  Economic P roduce r s  M E Y  c l u b  i n  
H e t t i n g e r  County,  Nor th  Dakota i n d i c a t e d  an i n t e r e s t  i n  e x p l o r i n g  new 
t e c h n i q u e s  f o r  improving n i t r o g e n  management i n  s p r i n g  wheat.  T h e i r  
s p e c i f i c  i d e a  was t o  e s t i m a t e  t h e  y i e l d  p o t e n t i a l  a t  Haun s t a g e  6.0 u s i n g  
d a t a  c o l l e c t e d  a t  Nandan, Nor th  Dakota l5.1, which i n  t u r n  would h e l p  them 
d e c i d e  i f  t h e  y i e l d  p o t e n t i a l  wa r r an t ed  an a d d i t i o n a l  a p p l i c a t i o n  o f  
f o l i a r  n i t r o g e n .  

Th i s  pape r  d e s c r i b e s  t h e  u s e  of  n e a r  i n f r a r e d  r e f l e c t a n c e  f o r  
de t e rmin ing  t h e  n i t r o g e n  c o n t e n t  i n  ground s p r i n g  wheat samples.  A 
procedure  f o r  on-farm p l a n t  s ampl ing  is  p r e s e n t e d  a l o n g  w i t h  a  d i s c u s s i o n  
of  f u t u r e  r e s e a r c h  needs .  
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S i g n i f i c a n t  r e s e a r c h  has been done r e g a r d i n g  t h e  i n f l u e n c e  
of n i t r o g e n  on y i e l d  and p r o t e i u  c o n t e n t  i n  s p r i n g  wheat 111 [21  
L31 161. Recent r e s e a r c h  has  shown t h a t  s p l i t  n i t r o g e n  
a p p l i c a t i o n s  h e l p  c o n t r o l  lodging  and i n c r e a s e  g r a i n  y i e l d  and 
p r o t e i n  c o n t e n t  i n  s p r i n g  wheat [61 .  Research  conducted by Jenny 
and S p i l d e  [ 6 I  i n d i c a t e s  t h a t  f o l i a r  a p p l i e d  n i t r o g e n  a t  Feekes 
growth s t a g e  3  i n c r e a s e d  g r a i n  y i e l d  a s  w e l l  a s  p r o t e i n  c o n t e n t .  

Bauer and Black [21  r e p o r t  t h a t  n i t r o g e n  c o n c e n t r a t i o n  i n  l e a v e s  
d e c r e a s e s  l i n e a r l y  a t  about  0.293% f o r  each  u n i t  i n c r e a s e  i n  growth s t a g e  
from an i n i t i a l  c o n c e n t r a t i o n  of about 7.0% ( F i g u r e  1 ) .  Peak N c o n t e n t  i n  
l eaves  occurs  a t  about  Haun s t a g e  9.0.Combined peak N con ten t*  i n  l e a v e s  
and stems was l e s s  t han  t h e  t o t a l  N i n  t h e  head a t  r i p e  s t a g e ,  t h u s  
i n d i c a t i n g  about  75% of  head N c o n t e n t  a t  r i p e  s t a g e  i s  t r a n s l o c a t e d  from 
l e a v e s  and stems. 

Bauer and Black [21  f u r t h e r  r e p o r t  t h a t  i n  c a s e s  of impending N 
d e f i c i e n c y  d u r i n g  g r a i n  f i l l i n g ,  t h e i r  f i n d i n g s  i n d i c a t e  t h a t  f e r t i l i z e r  
N f o r  y i e l d  maximizat ion should  be  s u p p l i e d  s h o r t l y  b e f o r e  t h e  f l a g  l e a f  
s t a g e ,  s i n c e  l e a v e s  make up 50% of t h e  t o t a l  p l a n t  mass a t  t h i s  s t a g e ,  
and c o n t a i n  t h e  l a r g e s t  amount of  N t o  b e  t r a n s l o c a t e d  t o  t h e  head. 

Peak N c o n c e n t r a t i o n  i n  g r a i n  occu r s  w i t h i n  t h e  f i r s t  4 t o  5 days  
a f t e r  a n t h e s i s  ( h e a d i n g ) ,  d u r i n g  which t ime f i n a l  n i t r o g e n  ( p r o t e i n )  
c o n c e n t r a t i o n  i s  l i k e l y  de termined  131. Although t h i s  s t u d y  conducted by  
Bauer e t .  a l .  c anno t  b e  used t o  de te rmine  p r e c i s e l y  how l a t e  a v a i l a b l e  N 
can  b e  a p p l i e d  i n  t h e  p l a n t  development c y c l e ,  a s s u r i n g  t h e  n e c e s s a r y  
supp ly  of N p r i o r  t o  a n t h e s i s  appears  t o  b e  e s s e n t i a l .  Fo r  example, i f  
3.25% of g r a i n  N c o n c e n t r a t i o n  ( d r y  b a s i s )  a t  h a r v e s t  i s  a c c e p t a b l e  
(16.3% p r o t e i n  a t  12% m o i s t u r e ) ,  as  expressed  b y  r e g r e s s i o n  presented  by  
Black and Bauer 121 ( F i g u r e  2 1 ,  it would appea r  t h a t  N c o n c e n t r a t i o n s  
e x h i b i t e d  i n  v a r i o u s  p l a n t  p a r t s  could  b e  c o n s i d e r e d  t h e  c r i t i c a l  N 
c o n c e n t r a t i o n s  a t  t h e  s p e c i f i c  growth s t a g e  t o  a c h i e v e  t h i s  g r a i n  p r o t e i n  
l e v e l .  

S i m i l a r  r e s e a r c h  w i t h  regard  t o  c r i t i c a l  N c o n c e n t r a t i o n  has 
beenconducted on w i n t e r  wheat [ I ] .  A l l ey  e t .  a l .  111 found t h a t  Zadoks 
growth s t a g e  30 (Raun s t a g e  5.4) i s  p robab ly  t h e  most c r i t i c a l  pe r iod  f o r  
p rov id ing  optimum N f e r t i l i z a t i o n ,  s i n c e  it i s  a t  t h i s  s t a g e  t h a t  head 
development i s  occu r ing .  A l l e y  e t .  a l .  111  f u r t h e r  r e p o r t e d  t h a t  i t  i s  
p o s s i b l e  t o  r e l a t e  t h e  p e r c e n t  N i n  t i s s u e  a t  Zadoks s t a g e  30 wi th  t h e  
amount of  a d d i t i o n a l  N r e q u i r e d  t o  produce t h e  most e f f i c i e n t  y i e l d  
( F i g u r e  3 ) .  Although more d a t a  i s  needed i n  t h i s  a r e a  of r e s e a r c h ,  u s i n g  
pe rcen t  N a t  Zadoks s t a g e  30 as  a  g u i d e  t o  N r a t e  i s  f a r  b e t t e r  
thansimply gues s ing .  I n t u i t i v e l y ,  a  method t o  de t e rmine  t h e  N c o n t e n t  i n  
t h e  p l a n t  p a r t s  a t  a  g i v e n  growth s t a g e  must b e  developed t o  h e l p  
producers  make management d e c i s i o n s  r e g a r d i n g  f o l i a r  N a p p l i c a t i o n s  t o  
enhance p r o t e i n  and y i e l d .  

Near i n f r a r e d  (NIR) technology is c u r r e n t l y  used t o  de t e rmine  p r o t e i n  
c o n t e n t  i n  s p r i n g  wheat.  N I R  technology,  when combined wi th  s t a t i s t i c a l  
t r e a t m e n t ,  can  b e  used t o  p r e d i c t  t h e  p e r c e n t  of  a  d e s i r e d  c o n s i t u e n t  
c o n c e n t r a t i o n  i n  a  g i v e n  g r a i n  sample [81 .  Research has proven t h a t  
d i f f e r e n t  c o n s t i t u e n t s  absorb  l i g h t  energy  a t  d i f f e r e n t  wavelengths.  Fo r  



example, p r o t e i n  abso rbs  t h e  2.1Ppm band of  n e a r  i n f r a r e d  l i g h t .  By 
i r r a d i a t i n g  a  sample w i t h  s p e c i f i c  wavelengths of n e a r  i n f r a r e d  l i g h t ,  i t  
is p o s s i b l e  t o  p r e d i c t  t h e  p e r c e n t  c o n c e n t r a t i o n  by  measuring t h e  energy  
t h a t  i s  r e f l e c t e d  [81 .  Many coun t ry  e l e v a t o r s  have nea r  i n f r a r e d  
a n a l y s e r s  f o r  de t e rmin ing  t h e  p r o t e i n  c o n t e n t  of s p r i n g  wheat and o t h e r  
g r a i n s .  

Noaman e t .  a l .  [ 7 1  found t h a t  NIR could  b e  used t o  e s t i m a t e  p r o t e i n  
c o n c e n t r a t  ions  i n  d i f f e r e n t  above ground p o r t  i ons  of t h e  wheat p l a n t  a t  
v a r i o u s  growth s t a g e s .  Above ground p l a n t  samples of  Newana s p r i n g  wheat 
were t aken  a t  a n t h e s i s ,  e a r l y  dough, hard dough, and r i p e  s t a g e s ,  and 
were s e p a r a t e d  i n t o  f l a g  l e a f ,  peduncle ,  and head. P l a n t  samples were 
d r i e d  t o  c o n s t a n t  weight  at  60 degrees  C e l s i u s  and ground i n  a  Udy 
cyc lone  m i l l  (0.5 mm s c r e e n ) .  The ground samples were ana lysed  f o r  N 
u s i n g  t h e  macro K j e l d a h l  p rocedure ,  w i th  p e r c e n t  N m u l t i p l i e d  by 6.25 f o r  
conve r s ion  t o  p e r c e n t  p r o t e i n .  These samples of known p r o t e i n  
c o n c e n t r a t i o n  were t h e n  used  t o  c a l i b r a t e  t h e  N I R  i n s t rumen t .  M u l t i p l e  
r e g r e s s i o n  a n a l y s i s  was used t o  s e l e c t  t h e  b e s t  s e t  of N I R  f i l t e r s  f o r  
u s e  i n  de t e rmin ing  t h e  p e r c e n t  p r o t e i n  by N I R .  A s i g n i f i c a n t  c o e f f i c i e n t  
of s imple  d e t e r m i n a t i o n  ( r 2  = 0.96) between t h e  K j e l d a h l  and N I R  methods 
proved t h a t  NIR c a n  b e  a  v a l u a b l e  t o o l  f o r  s tudy ing  p r o t e i n  
c o n c e n t r a t i o n s  of v a r i o u s  wheat a e r i a l  t i s s u e s  d u r i n g  t h e  growing season.  
Based upon t h i s  r e s e a r c h ,  N I R  should prove t o  b e  a  u s e f u l  t o o l  f o r  
de te rmining  c r i t i c a l  N c o n c e n t r a t i o n s  a t  v a r i o u s  p l a n t  development 
s t a g e s ,  t hushe lp ing  t h e  farm manager i n  d e c i d i n g  whether  o r  n o t  
a d d i t i o n a l  N a p p l i c a t i o n s  a r e  warran ted  based  upon t h e  c rops  y i e l d  
p o t e n t i a l .  

Producers  t h a t  a r e  c o n s i d e r i n g  f o l i a r  a p p l i c a t i o n s  of n i t r o g e n  a r e  
t y p i c a l l y  i n t e r e s t e d  i n  de t e rmin ing  whether  t h e y  h a v e s u f f i c i e n t  y i e l d  
p o t e n t i a l  t o  war ran t  a  f o l i a r  a p p l i c a t i o n ,  and i f  t h e  y i e l d  p o t e n t i a l  
e x i s t s ,  how much a d d i t i o n a l  N should theyapply  t o  h e l p  i n s u r e  t h e  y i e l d  
and p r o t e i n  p o t e n t i a l  a r e  n o t  l i m i t e d  by N supply .  

OBJECTIVES 

The p rev ious  d i s c u s s i o n  i n d i c a t e s  t h a t  NIR technology could b e  a  
u s e f u l  t o o l  f o r  farm managers i n  d e c i d i n g  whether  o r  n o t  a d d i t i o n a l  N 
a p p l i c a t i o n s  a r e  warran ted .  S ince  t h i s  i s  a s i n g l e  purpose 
i n v e s t i g a t i o n ,  t h e  major  o b j e c t i v e s  of t h i s  r e s e a r c h  paper  a r e  t o :  

1 .  Determine i f  N I R  t e chno logy  p rov ides  a  s t a t i s t i c a l l y  a c c u r a t e  method 
of de t e rmin ing  p e r c e n t  n i t r o g e n  c o n t e n t  i n  t h e  a e r i a l  p o r t i o n  of 
ground s p r i n g  wheat p l a n t  t i s s u e .  

2 .  Develop c a l i b r a t i o n  c o e f f i c i e n t s  t o  d e t e r n i n e  t h e  p e r c e n t  N c o n t e n t  
i n  ground p l a n t  t i s s u e  by NIR through comparison w i t h  pe rcen t  N a s  
determined by s t a n d a r d i z e d  K j e l d a h l  p rocedures .  

3 .  Desc r ibe  a  proposed on-farm sampling procedure  t o  p r e p a r e  s p r i n g  wheat 
samples f o r  N I R  a n a l y s i s .  

PROCEDURE 

Above ground samples of s p r i n g  wheat p l a n t s  were t aken  a t  Haun 
development s t a g e  4.6 f o r  t h e  purpose of c a l c u l a t i n g  an  N I R  c a l i b r a t i o n  



a t  t h i s  development s t a g e .  These p l a n t  samples were p a r t o f  a f e r t i l i t y  
r e s e a r c h  experiment  conducted  a t  t h e  USDA/ARS r e s e a r c h  s t a t i o n  a t  Mandan, 
North Dakota d u r i n g  t h e  1988 growing season  (Tab le  1 ) .  Four samples were 
t aken  from each  s u b p l o t .  The e n t i r e  above ground p o r t i o n  of t h e  p l a n t  
( l e a v e s  and s tems)  was used .  A l l  p l a n t  samples were d r i e d  i n  a  walk-in 
d ry ing  oven f o r  24 hour s  a t  100 deg rees  F. Dried  p l a n t  samples were t hen  
ground i n  a  Wiley m i l l  ( 2  mm s c r e e n ) ,  t h e n  ground f u r t h e r  i n  a  Udy 
cyc lone  m i l l  ( 1  mm s c r e e n ) .  A l l  samples were p laced  i n  i n d i v i d u a l  
p l a s t i c  z i p l o c k  s t o r a g e  bags  t o  reduce  t h e  r i s k  of a d d i t i o n a l  m o i s t u r e  
accumula t ion  i n  t h e  sample. 

Table  1. I d e n t i f i c a t i o n  and d e s c r i p t i o n  of p l a n t  samples t aken  f o r  N I R  
c a l i b r a t i o n  i n  1988 growing season  (samples  from USDAIARS, 
Mandan, North Dakota) .  

PLOT I D  ------- ------- 
EBV 40N 

EHV 80N 

SAMPLE # -------- -------- 
1  
2 
3 
4  

LBS N/ACRE 
---------- ---------- 

4  0  
4  0  
4  0 
4 0  

EHV 120N 9  120 
10  120 
11  120 
12  120 

......................................................................... 

The Dickey-John I n s t a l a b  800 N I R  product  a n a l y s e r  was used f o r  
o b t a i n i n g  NIR r e f l e c t a n c e  v a l u e s  on t h e  ground p l a n t  samples. Th i s  
i n s t rumen t  was made a v a i l a b l e  from t h e  Dickey-John company a t  no charge .  
C a l i b r a t i o n  i n s t r u c t i o n s  provided  in  t h e  o p e r a t i o n s  manual of t h e  N I R  
i n s t rumen t  were used t o  o b t a i n  t h e  r e f l e c t a n c e  v a l u e s  from t h e  ground 
p l a n t  samples.  C a l i b r a t i o n  mode 1.0 provided  t h e  b e s t  r ange  of 
r e f l e c t a n c e  v a l u e s  ( l o g a r i t h m s )  f o r  t h e  six f i l t e r s  i n  t h e  N I R  
i n s t rumen t .  Logari thm r e f l e c t a n c e  v a l u e s  between -20 and 400 a r e  u s a b l e  
and w i l l  n o t  a d v e r s e l y  a f f e c t  machine accu racy  [81 .  

T o t a l  n i t r o g e n  c o n t e n t  ( p r o t e i n  + n i t r a t e  n i t r o g e n )  f o r  each  ground 
p l a n t  sample was de termined  us ing  a macro K j e l d a h l  procedure .  These 
known p e r c e n t  N v a l u e s  were then  used wi th  t h e  l o g a r i t h m  r e f l e c t a n c e  
va lues  ob t a ined  from each  ground p l a n t  sample t o  c a l i b r a t e  t h e  i n s t rumen t  
t o  de te rmine  t h e  p e r c e n t  n i t r o g e n  c o n t e n t .  The SAS ( S t a t i s t i c a l  Ana lys i s  
Systems) r e g r e s s i o n  program was t h e n  used t o  s o l v e  t h e  fo l lowing  
equa t ion :  



Nit rogen  ( X )  = K l ( l o g  0 )  + ~ 2 ( l o ~  1 )  + ~ 3 (  l og  2 )  + ~ 4 ( 1 0 ~  3)  + 

where KO i s  t h e  i n t e r c e p t ,  K1 through K5 r e p r e s e n t  t h e  c a l c u l a t e d  
r e g r e s s i o n  c o e f f i c i e n t s  , and log  0  through log  5  r e p r e s e n t  t h e  logar i thm 
r e f l e c t a n c e  v a l u e s  o b t a i n e d  from t h e  ground p l a n t  samples.  

RESULTS AND DISCUSSION 

The a n a l y s i s  of v a r i a n c e  (ANOVA) and parameter  e s t i m a t e s  f o r  t h e  
m u l t i p l e  r e g r e s s i o n  p rocedure  a r e  shown i n  Tab le  2. F i l t e r s  2  and 3  
provided t h e  b e s t  model f o r  t h e  range of d a t a  c o l l e c t e d  (R2 = 0.85).  The 
R2 v a l u e  i n d i c a t e s  t h a t  a  h igh  deg ree  of c o r r e l a t i o n  e x i s t s  between EIR 
and t h e  K j e l d a h l  l a b o r a t o r y  method f o r  de t e rmin ing  pe rcen t  n i t r o g e n  
c o n t e n t .  

Table  2 .  ANOVA and r e g r e s s i o n  c o e f f i c i e n t s  f o r  c a l i b r a t i o n  of N I R  
i n s  t rumen t . 

Ana lys i s  of Var i ance  

Sum of Mean 
Source DF Squares  Square  F Value Pr  ob >F 

Model 2  0.83700 0.41 850 24.995 0.0002 
E r r o r  9  0.15069 0.01674 
C T o t a l  11 0.98769 

Root MSE 0.12940 R-square 0.8474 
Dep Mean 4.51917 Adj R-sq 0.8135 
C.V. 2.86325 

Pa rame te r  Standard T f o r H O :  
V a r i a b l e  DF Es t ima te  E r ro r  Parameter=O Prob > IT1 

INTERCEP 1 1.037123 2.94586700 0.352 0.7329 
LOG2 1  0.301571 0.05800347 5.199 0  .DO06 
LOG3 1 -0.280545 0.04230930 -6.631 0.0001 

THIS MODEL INCLUDES ONLY THE DATA FROM THE 1988 PLANT SAMPLES RECEIVEG 
FROM DR. ARMAND BAUER, USDA/ARS, MANDAN, NORTH DAKOTA. PLANT SAMPLES 
WERE TAKEN AT HAUN STAGE 4.5 TO 4.7. 
....................................................................... ....................................................................... 



I n  o r d e r  t o  e v a l u a t e  t h e  accuracy  of N I R ,  t h e  narameter  e s t i m a t e s  
g i v e n  i n  t a b l e  2 were programmed i n t o  t h e  Dickey-John I n s t a l a b  800,  and 
pe rcen t  N from t h e  ground p l a n t  samples was determined us ing  NIR and 
compared t o  l a b o r a t o r y  K j e l d a h l  va lues .  The r e s u l t s  from t h i s  comparison 
a r e  g i v e n  i n  Tab le  3. 

Tab le  3. Comparison of p e r c e n t  N i n  ground p l a n t  t i s s u e  a t  Haun 
s t a g e  4 . 6  between Kje ldah l  and NIR. 

SAMPLE I D  
- - - - - - - - - -*------- 

1 
2 
3 
4 
5 
6  
7 
8 
9 

10 
11 
12  

AVERAGE : 

A s t a t i s t i c a l  a n a l y s i s  ( t - t e s t )  performed on t h e  means i n  
Table  3 i n d i c a t e s  no s i g n i f i c a n t  d i f f e r e n c e  ( P  = 0.05).  This  
compara t ive  a n a l y s i s  i n d i c a t e s  t h a t  N I R  i s  an e f f e c t i v e  method 
f o r  de t e rmin ing  p e r c e n t  n i t r o g e n  c o n t e n t  i n  above ground p o r t i o n s  
of s p r i n g  wheat. However, i n  o r d e r  f o r  t h i s  t ype  of i n fo rma t ion  
t o  be  u s e f u l  t o  t h e  farm manager, an on-farm sampling procedure  
mustbe developed a s  w e l l  u s  a t a b l e  of g u i d e l i n e s  t o  h e l p  t h e  
fa rmer  de t e rmine  i f  a p p l i c a t i o n  of pos t - app l i ed  N i s  n e c e s s a r y  
and economica l ly  f e a s i b l e  based  upon t h e  c r o p s  y i e l d  p o t e n t i a l .  

ON-FARM SAMPLING PROCEDURE 

Although t h e  fa rm manager w i l l  n o t  t y p i c a l l y  have t h e  l a b o r a t o r y  
equipment t h a t  a  r e s e a r c h e r  has  a v a i l a b l e ,  an a c c e p t a b l e  on-farm sampling 
procedure  h a s  been  proposed t h a t  should  h e l p  t h e  farm manager conduct  a 
t e s t  f o r  de t e rmin ing  c r i t i c a l  n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  above ground 
p o r t i o n  oE h i s  s p r i n g  wheat p l a n t .  Th i s  on-farm sampling procedure ,  p a r t  
of which i s  adapted  from Al l ey  e t .  a l .  [ I ] ,  i s  o u t l i n e d  a s  fo l l ows :  

1. C o l l e c t  above ground p l a n t  samples from 3 random s i t e s  i n  t h e  
f i e l d  a t  Haun development s t a g e  4.5 t o  5.0. A computer 
program e n t i t l e d  GROWTH STAGE 141 can b e  of g r e a t  a s s i s t a n c e  
i n  de t e rmin ing  t h e  developn~ent  s t a g e  of s p r i n g  wheat. The 



samples must r e p r e s e n t  t h e  m a j o r i t y  of t h e  f i e l d  and t h u s  
unusual  s p o t s  should  b e  avoided.  The a r e a  t o  be  sampled 
should b e  s e l e c t e d  by  t o s s i n g  a  3 - foo t  long s t i c k  a t  l e a s t  10 
f e e t  i n  f r o n t  of  t h e  i n d i v i d u a l  t a k i n g  t h e  sample,  o r i e n t i n g  
t h e  s t i c k  w i th  t h e  row, and t ak ing  t h e  sample 111. Use a  
s c i s s o r s  t o  c u t  t h e  p l a n t s  j u s t  above t h e  s o i l  s u r f a c e .  

2 .  Dry t h e  p l a n t  samples i n  a  conven t iona l  household convec t ion  
oven a t  100 deg rees  F a h r e n h e i t  f o r  a  pe r iod  of 3 hours .  Th i s  
w i l l  remove m o i s t u r e  from t h e  p l a n t  samples. 

3 .  Grind t h e  d r i e d  p l a n t  samples i n  a  c o n v e n t i o n a l  food 
p roces so r  u n t i l  p l a n t  p a r t s  can  no l o n g e r  b e  i d e n t i f i e d .  The 
sample must b e  ground a s  f i n e  a s  p o s s i b l e  i n  o r d e r  t o  
de te rmine  t h e  p e r c e n t  n i t r o g e n  c o n t e n t  by N I R .  

4 .  Take t h e  sample t o  t h e  l o c a l  e l e v a t o r  f o r  f u r t h e r  g r i n d i n g  i n  
aUdy cyc lone  m i l l  u s i n g  a  1 mm sc reen .  Most c o u n t r y  
e l e v a t o r s  have a  Udy cyc lone  m i l l  f o r  u s e  i n  g r i n d i n g  sma l l  
g r a i n  samples p r i o r  t o  de t e rmin ing  p r o t e i n  c o n t e n t .  

5. Determine t h e  p e r c e n t  n i t r o g e n  c o n t e n t  i n  t h e  p l a n t  sample 
through u s e  of an N I R  a n a l y s e r .  Most c o u n t r y  e l e v a t o r s  have 
t h i s  i n s t rumen t  f o r  de t e rmin ing  p r o t e i n  c o n t e n t  i n  sma l l  
g r a i n s .  

This  sampling p rocedure  should  p rov ide  t h e  f a rmer  w i t h  a  s imple  b u t  
r e l i a b l e  method of p r e p a r i n g  t h e  p l a n t  samples f o r  a n a l y s i s .  P l a n t  
samples can  then  b e  ana lysed  f o r  p e r c e n t  n i t r o g e n  c o n t e n t .  

SUMMARY 

Advancements i n  a g r i c u l t u r a l  t echnology a r e  p r o v i d i n g  farm managers 
w i th  improved t o o l s  f o r  managing p roduc t ion  i n p u t s .  The u s e  of N I R  
technology i s  one such  advancement. 

The purpose of t h i s  s t u d y  was t o  draw g e n e r a l  c o n c l u s i o n s  concern ing  
t h e  u se  and accu racy  OF N I R  technology f o r  de t e rmin ing  t h e  p e r c e n t  
n i t r o g e n  c o n t e n t  i n  ground s p r i n g  wheat samples.  Although f u r t h e r  
r e s e a r c h  i s  needed t o  more a c c u r a t e l y  p r e d i c t  t h e  economic f e a s i b i l i t y  of 
a d d i t i o n a l  N a p p l i c a t i o n s ,  t h e  fo l lowing  c o n c l u s i o n s  can  b e  drawn a t  t h i s  
p o i n t :  

1. N I R  a n a l y s i s  p rov ides  an  a c c u r a t e  method of de t e rmin ing  t h e  
percent  n i t r o g e n  i n  ground s p r i n g  wheat samples a s  evidenced 
by t h e  d a t a  p re sen ted  i n  t a b l e s  2 and 3 .  Limi ted  sample 
numbers i n d i c a t e  o t h e r  development s t a g e s  have  d i f f e r e n t  
pe rcen t  N l e v e l s  and NIR can  d e t e c t  t h e s e  d i f f e r e n c e s .  

2 .  Farmers c u r r e n t l y  have t h e  neces sa ry  r e s o u r c e s  a v a i l a b l e  f o r  
p reps r ing  s p r i n g  wheat p l a n t  samples f o r  a n a l y s i s .  

Obviously,  more r e s e a r c h  i s  needed i n  t h i s  a r e a  i n  o r d e r  t o  b u i l d  a  
da t abase  of c r i t i c a l  n i t r o g e n  c o n c e n t r a t i o n  l e v e l s  a t  v a r i o u s  p l a n t  
development s t a g e s  and a c r o s s  d i f f e r e n t  y i e l d  l e v e l s  f o r  s p r i n g  wheat 
v a r i e t i e s .  As t h i s  d a t a b a s e  i s  b u i l t ,  t a b l e s  and c u r v e s  c a n  b e  developed 



t o  a s s i s t  t h e  f a rm inanager i n  de t e rmin ing  how much a d d i t i o n a l  n i t r o g e n  t o  
app ly  based upon t h e  c r o p y i e l d  p o t e n t i a l  a s  e s t i m a t e d  by f a r n  mansgers 
u s i n g  North Dakota r e s e a r c h  [ 5 1 .  Development of t h e s e  t a b l e s  can  no  
doubt b e  accomplished w i t h  c u r r e n t  d a t a ,  b u t  i s  beyond t h e  scope of t h i s  
independent  i n v e s t i g a t i o n .  The v a l i d i t y  and u s e f u l n e s s  of N I R  technology 
w i l l  no doubt  p l a y  an  i n c r e a s i n g l y  v i t a l  r o l e  t o  a s s i s t  farm managers i n  
t h e  d e c i s i o n  making p r o c e s s  f o r  t h e  economica l ly  f e a s i b l e  a p p l i c a t i o n  of  
a d d i t i o n a l  n i t r o g e n  f o r  y i e l d  and/or  p r o t e i n  l e v e l  i n c r e a s e s .  
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F i g u r e  1 .  N i t r o g e n  c o n c e n t r a t l o . n  i n  leaves, .terns, and heade of  
A l e x - O l a f  s p r i n g  wheat  i n  r e l a t i o n  to g r o w t h  mtmge, 
1981-1982 .  Bauer et. a l .  121. 

Nilrooen concentralion in leaves (4. slems 0, and Mads 0 of A I ~ X - O U I  s p r b  w b a l  h relal~on to ( y a m  

stage. 1981-1982. Values are from all combhalions of 3 fertkusr N and 3 waler levels. 

D u e b p e n l  slags - 



Figure 2. Regression with 95X confidence limits of daye after 
anthesie and N concentration in grain of HRSW. Bauer 
at. al. (31. 

Regression with 95% confldencs limits of days al ler anlhesis and N concenlration 

In grain of hard red spring wheal, tllals 79F, 8 IF,  82F.8 INF, and 82NF. (Regression 
of kernel dry matter assimilelion from Bauer 0 ;  at., 1985 is included.) 
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Figure 3. N Rates for Haxirnum Wheat Yie lds .  Alley et. el. C11. 

N Rates for Maximum Wheat Yields: 
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